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A KEY TO THE HARMSWORTH SELF-EDUCATOR 

t any Ui^ to underrtandwhat bai preceded and what it to foUow any i**t of the work to which he may happen to turn. 
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Grocp g 
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Group 4. 
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Fins. Fireproof Materials. Fire Prevention. Fire Extinction. 

Group 5. 
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Wood Distillation. Matches. Culliiloid. Manure. Waste Pro- 
ducts. iVtroleuiii. P)i]ter Making (including Pa]»er Htaining and 
Uses of Paper). J'liotograjdi.v, 

Gao CP 6. 

Civil Service. Army and Navy. 

(hviL SunvicR. Muuicinal. National. lni|t<‘iial. 

Army and ^A^ v. How to Enter Tlicni. 

Gaoup 7. 

Clerkship and the Professions. 

Clkrkship anii Ao<;ountancv. Complete Training. Look keeping. 
LANaiMO. The Wliola Practice of Ranking. 

Insurance. Life, Fire, Acddent, Marine. 

Auotionkkrinu and Vai.uino. 1 ‘ractical Training. 

Estate A<iencv. DepartnienlA and Ofticials <»/ u Great Estate. Train- 
ing a Land Agent. 
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Lau. Rnllelturs uml UarrlMtei s. Pernouul uml Coiiinipri-iu.1 Iaiw. Copv- 
rlght. 

(illOUP 8. 

Drawing and Design. 

Drawing. Fiveliand. Object. GooiuetricaL Lrush. Memory. 
Light and Hliiide. 

Technical Dhaw jno. For Engineers ; CniinerRmlths, Tinmen, Holler- 
makers; Architects; Btonemasoiis; ('arituiiti^rsand Joiners; PluiTil>ers. 
Dkhion. Book liecoratloii. Jlluiiiiiiutlou. Textiles. Wall Palters. 
MetaJ Woik. 

Group 9. 

Dress. 

Dress. Dressmaking. tJnderclotJdng. Children’s Clothing. Tailor- 
ing. Millinery. Mena Huts, lurs luid Furriers. FeaUiora 
Shirts and Cona)*s. 

Group *0. 

Electricity. 

Electricitv. Electrical Engineering. Telegranhs and Telephones 
(iuclutling oitemtion of), (.'ables and Insulatea M’ire. In BusiueM 
us an Electrical Engineer. 

Group si. 

Civil Engineering. 

Civil Enoinekrino. Surveying. Varieties of Construction. Machines 
Employed. Roatls. Bridges. Railways and Tramways. Water 
Supply. Sowoi'age. Refuae. Hydraulics. Puinpa. Harbours. Docks. 
Lighthouses. Foreign Work. In LusineM as a Civil Engineer. 
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Arms & Ammunition. 
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Geography. Astronomy. 
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AsraoMoMv. A Survey’ of Uie Solar System. 
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A Short Hlxtory of the Worlii from the Beginning, 
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Servants. Qualifications and Duties of Every Kind of Servant. 
Gimikeby. a Practit-al Course, with Recipes. 

Laundry Wore. Washing. The Laundry as a Bushiess. 

Foods and Leverages. Milling. Br^-making. BlscuiU ^ jWn- 
fortionery. Sugar. (k)ndiments. Fruit kj^heries FiKxi Pn^na- 
tion. tJatering. Brewing, Wines and Ciders. Mineral ^^atenl. 
Tea. Coffee. Chocolate. Cocoa. 

Group 17. 

ideas. Patents. Applied Education. 

JDEAS. The Power of Ideas in IJfe. Brains in Buslnesa 
Patents and Inventions. How to Protect an Idea. 

Applied Khucation. Application of Education in Daily Life. Finance. 
Group t8. 

Languages. 

How to study A Language. Courses in Latin, Biigli«h, French, German, 
SpanlNh, Italiuii, Eeiieranto, (4reek. A Table of Root Wor«l». 

Group sa 

Literature. Journalism. Printing. Publishing. 
Libraries. 

Literature. A Survey of the World's Great Books and their W vitera 
Poetry. Classics. Fiction. MiHcellaneous, How to Read and M rite. 
JuuuNALiSM. A (iuide io Newspaiior Work, with Practical Training. 
Pkintino. Comixising }»y Ilnmi and Machine. Type (fitting amll 
Founding. Engraving and Blocks. Bookbinding and Publitlnng. 
liiHRARiES. Ofticials ami Alanag«‘mpnt of Libraries. 

Group ao 

Materials and Structures. Leather. Wood Working. 

Materials. The CharHCtA^rlstirs and Htrengtli of Materials. 
STiutcTURKs. The Stability of Structures. 

Leather. I^eatber Imlustvy. lA*ather Belts. Ihads and Shoes. 

Saddlery and Harness. (doveH. Sundry lA*ather Goods. 

Wt>oi) Wohkino. DeHlgn and Operation of Wood Working Machinery. 
Wood Turning. Miscellaneous Woodwork. 

Group si. 

Mathematics. 

Mathematics. Arithmetic. Algebia. Geometry. Plane Trlgonometij. 
Conic Sections. 

Ohoup aa. 

Music. Singing. Amusement. 

Music. Musical Theory. Tonic Solfa. Tuition in nil Instruments. 
Orchestration, ('oiiduotiug. Bell Ringing. Mmuifaoture of 
Musical Jnstrumenta. 

Singing. Tlie Voice and Its Treatment. 

Ami'hkmeny. Dramu hikI Stag.-, Inclndiug Klocution. Bunliie«« side of 
AiiiiiMeineiit. S|>oi'th Gthi inlh. 

Group 93. 
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Business Management. The Application of System in Business 
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•oolokoav 

ask why human nature in Russia is such and 
such. Now we know that the characters of any 
individual man or woman are determined by 
heredity and environment; There are inborn, 
inherent, innate characters with which each of 
us is endowed from the first ; and then there 
are the modifications which circumstances or 
environment produce in us. Merely to say that 
human nature is the key to sociology and that 
the Russian people groan under the heel of the 
oppressor because human nature in Russia is 
capable of producing an army such as in all 
ages has been the necessary instrument of 
t3rranny is as good as to say that human nature 
depends entirely upon the inborn characters 
with which each man is endowed from the first. 

The Factors in Making Men. This, 
however, as we all know, is false. Environment 
lays its part in fashioning human nature. The 
ody is determined by the atmospheric environ- 
ment, by the nature of the food, by considerations 
of temperature, and the like. In this manner the 
inborn bodily characters are profoundly modified 
in every one of us. But what, pray, constitutes 
the all-important part of the environment of the 
mind ? Buckle thought, as we have seen, that 
too much stress could scarcely be laid upon the 
presence or absence of mountains or earthquakes, 
thunder and lightning. Doubtless he recognised a 
truth of some importance ; but nowadays we are 
sure that the forces which are most potent in 
moulding the spirit of man are themselves 
spiritual. Human nature is chiefly modified not by 
natural, buv by human natural forces. It is the 
social atmosphere, the social environment, that is 
foremost in modifying the inborn characters of 
men. For instances, it has betm finely said that 
genius can breathe only in an atmosphere of 
freedom. The superstitious r^»gime breeds super- 
stition ; the brutal regime breeds brutality ; in 
a military society th(^ military spirit is fostered ; 
and so in all other cases. After heredity, incom- 
parably the most important of the inlluonc€>s 
which determine what a man shall be are the 
social influc'ncos, the social tradition, the spiritual 
atmosphere that he breathes. 

Society Makes the Average Man. To 
take an instance, ambition will be all but impos- 
sible in a society where ambition is obviously 
futile. If there be no conceivable possibility 
that a man shall rise out of his class, the 
ambitious habit of mind will not be fostered 
in him. He will be different, in a word, from the 
man he would have become in a democratic 
society. Of course, we are not disputing the 
proposition that while most men are anvils and 
each must be either an anvil or a hammer, there 
are a few who are hammers, who make opinion, 
make tradition, and create new social forms and 
customs. Y et the fact remains that the majority 
of men are moulded by society into the form 
which suits its convenience, and tends to its 
own unchanged persistence. 

The proposition that sociology is largely the 
key to human nature, as human nature is largely 
the key to sociology, is of profound interest to 
the sociologist as a pure man of science or seeker 
after truth. It invests his study with a unique 
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intffl^est and a unique difficulty. He has to study 
action and’ reaction. He cannot take the given 
facts of human nature, let us say, explain society 
in terms of them, and then be content. For 
the second and consequent set of facts react 
upon and modify the first. 

Brutality Breeds Brutality. Thus^ to 
turn to our Russian instance, the sociologist 
has to ask himself whether the characters of 
the Russian people — including the character of 
being able to produce a brutal soldiOTv — art 
inborn, necessary, and permanent, or whether 
they are not products of the brutal militaiy 
regime. He has to inquire, indeed, whether 
any people, even the most democratio and 
freedom-loving — whether, indeed, such a people 
as ourselves, subjected for two generations to 
dominance by autocracy, militarism, arid eccles- 
iasticism, would not in turn become capable of 
producing an army such as the Russian army. 
In a word, the sociologist has to deal with circles. 
Most of them in the past, alas ! have been vicious 
circles. Tlie superstitious or the brutal regime 
has fostered and produced the superstitious 
and brutal habit of mind which, in its turn, 
strengthens and makes possible that regime. 
Once we grasp the truth of the two abstract 
propositions upon which so much emphasis has 
been laid, we shall have acquired a wholly new 
means of passing sociological judgments. For 
instance, in his “ Essay on Man,” Pope writes ; 

“ For forms of government let fools contest, 
Whatever is best administered is best.” 

To the untrained reader this may seem satisfying. 
If it be true it is a very important truth, but if 
it be false there is no more dangerous falsehood. 
The reader is well aware that, at any rate, it 
cannot be accepted without question, because 
it does not inquire into the effect of “ forms of 
government ” upon human nature. 

The Failings of Democracy. Now lei 
us see how the central sociological truths of action 
and reaction between society and the individual 
bear upon current j)olitical discussion. So far 
as the influence of human nature upon society is 
concerned, Pope’s couplet will stand criticism. If 
there were no reactive influence such as we have 
described the couplet would l)e true. Everyone 
admits that forms of government, in order to be 
successful, or as successful as they are capable 
of being, are at the mercy of human nature, 
upon which their administration depends ; and 
the great majority of untrained students of these 
subjects ai-e content merely with recognising the 
half-trutlx which Pope recognised. For instance, 
sensitive people are sometimes shocked at the 
excesses, the blindnesses, the stupidities of which 
democracy is capable. Such people are apt to 
turn in disgust from the democratic ideal, and 
to declare that the best form of government, 
after all, would be government by a wise and 
beneficent autocrat, if such could be obtained. 
They see that democracy is liable to wire- 
pulling and the wiles of demagogues and the 
influence of wealth. They see, in short, that 
democracy may be very badly ” administered,” 
to use Pope’s word, and they think that even 



such a form of government as an autocracy 
would be infinitely better ij better adminiaterea. 

GoTerament and Character. Now, we 
submit that all such opinions ignore the truth 
that different forms of government, even if 
all be ideally administered, differ profoundly 
in their influence upon human character. It 
is unthinkable that the same type of citizens 
could be produced under an ideal autocracy or 
hierarchy (government by priests) as under 
and in an ideal democracy. Different causes 
must produce different effects, and effects upon 
human character are the only important effects, 
perhaps, produced by any causes in the whole 
universe. The practical problem for the sociolo- 
gist — who, as we have seen, is not merely a 
scientist or student of what is, but also a moralist 
or student of what ought to be— is to produce 
such a society as will make the best citizens. 
It is not merely his problem even to find the 
type of society which will keep human nature 
at its present level of intelligence and virtue. 
He knows that the average level is appallingly 
below the level of the highest, and he knows that, 
as Spencer somewhere says, what is possible 
for human nature here and there is possible for 
human nature at large. 

Human Nature is Not Always the 
Same. The sociologist who is not a believer 
in evolution or the doctrine that progress is 
possible is, of course, a mere anachronism to- 
day. He is a survival from the intellectual 
atmosphere that preceded the idea of evolution, 
and, as such, is no more than an interesting 
and significant curiosity. If there be any- 
thing of which the sociologist is quite sure 
it is that, popular unwisdom notwithstanding, 
human nature is not “ the same in all ages.” 
He knows, on the contrary, that human nature 
is profoimdly modifiable by circumstances. He 
knows that the ideal of human nature is vastly 
superior to the average reality, and yet he 
knows that the ideal is attainable. In passing 
his judgment, therefore, upon different forms 
of society, such as autocracy and democracy, 
or upon different theories of societies, such 
as individualism and collectivism, or upon 
social customs or Acts of Parliament, or, in 
short, upon one and all of the influences that 
determine the incessant changes of society, 
the wise sociologist asks himself what will be 
the effect upon the character of tlie citizen — 
the effect upon human nature. 

A Nation is Made by its Units. There 
is one criterion alone by which the work of 
any and every social act is to be judged, and 
that is its effect upon individual character. 
Says Herl)ert Spencer, in words which should 
be written over the portals of every legislative 
chamber on earth : 

“ Let it be seen that the future of a nation 
depends on the natures of its units, that their 
natures are inevitably modified in adaptation 
to the conditions in which they are placed, 
that the feelings called into play by these 
conditions will strengthen, while those which 
have diminished demands on them wUl dwindle, 
and it will be seen that the bettering of conduct 
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cfitfi be effected, not by insisting on maxims of 
good conduct, still less by mere intellectual 
culture, but only by that daily exercise of the 
higher sentiments and repression of the lower 
which results from keeping men subordinate 
to the requireraente of orderly social life — letting 
them suffer the inevitable penalties of breaking 
these requirements and reap the benefits of con- 
forming to them. This alone is national education. 
Of the ends to be kept in view by the legislator, 
all are unimportant compared with the end of 
character- making ; and yet character-making is 
an end wholly unrecognised.” 

Why the Statesman Fails. The best 
form of government, then, is that which mokes 
most rapidly and easily for the development of 
the highest worth in the individual citizen. We 
must later ask what is that form. 

Tlie only criterion of the worth of any society 
is to be found in the lives of its citizens. The 
great lesson of history is that other objects have 
been conceived as the proper objects of society, 
and that certain consequences have flow^ 
from the pursuit of those objects. Let us 
compare and contrast the consequences which 
follow when other objects than the production of 
individual worth are sought by the statesman or 
the social reformer. We sliall choose con- 
trasted instances in the endeavour to show 
that it is utterly immaterial whether the object 
sought be good or bad in itself. In either case 
ultimaUi failure will follow. 

History abounds with instances of societies 
or nations whoso rulers have set certain more 
or less selfish objects in view and have for a 
time attained them. Wo know the history 
of empires ; we know that, in th(^ past, at 
any raUs unqualified Imperialism has always 
cut its own throat in the long run. Wo have 
various instances frf)m all ag(*s of governing 
})owers who have set themselves to the produc- 
tion of powerful armies as means of conquest. , 

Militarism and Family Life are 
Eternally Opposed. To this end all legis- 
lative measures have been (^onsecrat(;d — oi 
prostituted — and the end has been attained. 
Doubtless many other things have had to go — 
education has been one-sided, dealing with the 
body rather than the mind ; moral education 
has dealt with the production of unquestioned 
obedient^e rather than with the production of 
a sense of personal responsibility for one’s own 
actions ; family life, with all that, it implies 
in the ennobling of character, has been sacri- 
liced, for militarism and family life are eternally 
oj)posed. Instances may be (chosen on the small 
scale or on the large. 

The reader was taught, perhaps, in his youth 
to admire the spirit of the Spartans who satTificed 
everything to military efficiency. The Spartan 
mother sent out her son to "war telling him to 
return with his shield or upon it — yet Sparta 
did not survive. In later times, when military 
warfare has yielded in part to industrial warfare, 
the men who have had the power to determine 
the form of society or of portions of society liave 
instituted industrial regimes in which the sole 
consideration has been the efficiency of the 
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indiridual as a worker. These also have been resulting not only in the rotting away of the fibre 
suooessfiil in their way. V^en military effi- of manhood, but also in the pursuit of pleasure 
cienoy was aimed at, it was often attained ; when by the many, under the conditions and with the 
industrial eflBciency is ^ed at it may likewise consequences which are now exhibited in the 
attained. <^sse of the unemployed idle rich. Such a nation 

The Material of Empire. But the all would cease to produoe, ch: to be an3rthing of 
important truth is that these objects, as such, worth, and the annexation of these islands by 
are not worth attaining at their price. To some Continental power would be a matter of a 
obtain military efficiency or industrial efficiency, few years at the most. The littld good aocom- 
but to destroy the character of the people, is plished would be far more than nuUified by the 
to achieve a temporary success at the rapidly evil influence of such a measure upon ch^acter. 
ensuing cost of permanent failure. The material Character the Sole Basis of the State, 
for any empire or society that is to endure is Anything that destroys the character of the 
not money, nor red maps, nor mines that individual destroys the State — which depends 
yield precious metals, nor treasuries mountains for its continued existence upon individual 
nigh, but worthy men and women. All the character and nothing else. If these propositions 
dead wealth on earth, accumulated and possessed are true, it follows that the criterion of character- 
and gathered into the hands of one worthless making or unmaking must be applied to all 
people, will not make an empire that can endure social acts by any whose concern is not with 
for six months. The legislator who legislates the immediate present alone. Here, again, 
for anything less than character may be counted of course, is another fundamental distinction 
sueoes^l in his own day and even on the mor- between society and a mere chemical molecule, 
row ; but he is not building for all time — and The present is the child of the past and the 
time will pronounce judgment upon him at the parent of the future, and to reckon with the 
last. present alone is to court destruction. The 

The same truth is demonstrable in the case of temptation .may come in many guises, selfish 
legislation or other social action which, unlike that and unselfish, but the criterion must be applied, 
of the military dictator, is determined by senti- and no measure which does not satisfy it must 
meuts of humanity and compassion. To-morrow be allowed to pass uncondemned, 
as well as tr-day has to be thought of, and the We have now completed, in so far as may 
supreme faertor of character remains supreme, be, what might be called the Philosophy of 
It would be no more foolish than many acts which Sociology. We have tried to show the relations 
imwise ptjople call charitable for the State at of the life of a society to the life of the individual ; 
this moment to expropriate all the private wealth we have discussed the foundations of sociology 
of the country, and to say “ We will provide food, and its relations to the lower sciences on the one 
shelter, clothing, edu(;ation, and a fair nnpply of hand, and to the supreme science on the other ; 
amusements for all who please.” Thereby many and we have tried to distinguish between the atti- 
hundreds of thousands or millions of {leople, in tude of the sociologist- who asks himself merely 
this country alone, would be very greatly bene- what is and what has been and that of the 
fited indeed, for a time — they and their children sociologist who, being also a man with human 
too. A vast humanitarian end would have emotions and aspirations, asks himself what ought 
been achieved -for a time. There would be no to be ; both of these attitudes being necessary, but 
more half -starved children — for a time. neither being allowed to distort the view taken by 

A Passing* Good and a Measureless the other. 

Evil. An immediate good of some magnitude Marriage the Central Institution of 
would have been ac^com plished ; but if we are to Society. We must now turn to the detailed 
form a final judgment upon this measure we must study of our subject, and must begin with the 
apply to it our criterion of its consequences upon fundamental social institution of marriage, 
character. The vast, majority of men would not We shall find it necessary here to begin our 
work unless they had to work — which is natural inquiry at a very early stage in the history of 
enough, since their work, unlike that of the humanity. We must trace the different forms of 
fortunate few, affords them little or no spiritual marriage as they have been experimented with 
sustenance# or interest. Such men would cease by man. We must inquire into their conse- 
to work under the measure we have imagined, quences upon society, and must determine, if 
Even supposing that the nation had some possible — and it is not only possible but easy — 
source of inexhaustible mineral wealth so that which form of sexual relation is that best fitted 
it could afford, as a nation, not to work, does any- to serve as the central institution of a stable 
one imagine that under these conditions the State and progressive society. This is a subject so 
would remain stable ? On the contrary, the important that the sociologist finds it impossible 
immediate good done would be as naught com- to suffer fools gladly when they discourse upon 
pared with the measureless evil which would it, and beii^ peculiarly intricate, difficult, and 
be worked by such an act. It would involve important, it is naturally a subject upon which 
the most appalling deterioration of character, fools think it well to expatiate. 

CofUinued 
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coarse material of midribs and leaves is moist- 
ened with a solution of salt, and piled up into 
heaps containing many tons. The temperature 
rises gradually to about 140° F., and fermentation 
is allowed to proceed for some six months. 
At the end of this time the temperature begins 
to decline, and the heap is opened and the 
material ground to a light brovm 
powder [11]. This powder is mixed 
with salt solution, and packed in 
large chests for six to ten months, 
when another fermentation occurs, 
and the powder develops colour and 
aroma. The snuff is well mixed, 
and sometimes submitted to a third 
fermentation. Finally the snuff is 
well sifted to make it uniform. It 
will thus be seen that the process 
extends over from 1 8 to 20 months, 
and consequently much of the nico- 
tine is dissipated. 

Rappee. Rappee, or tabac rape, 
is a black snuff highly scented, and 
containing on an average 40 per cent, 
of moisture. The dark colour is 
due to long continued form<mtation 
while in the bin. Prince's mixture 
is a rose-scented rappee, which 
takes its name from the fact that 
it was used by George IV. when Prince Regent. 
Scotch and Irish snuffs are made from stalks 
that have been previously roasted, which gives 
the characteristic smell to these snuffs. Scent 
is added to some varieties, and the moisture 
is generally about 20 per cent. 

High dried snuff is similar to 
Scotch snuff, but more pungent, 
and with only about 5 per cent, 
to 8 per cent, of moisture. 

Cigars — Colour no Cri- 
terion. The dictionary definition 
of a cigar is “ a compact roll of 
tobacco leaves for smoking, 
one end l)eing taken in the 
mouth, while the other is 
lit,” and the word can be 
spelt in many different 
ways. A cigar consists 
of a core or filler, an 
inner cover, and an 
outer cover. The core 
should consist of the ^ 
finest flavoured tobacco, 
and it is arranged in 
a longitudinal manner, 
so that the air can be 
drawn through it from 
end to end. It will bo 
seen from this that the 
colour of a cigar is no 
guide to its quality or 
strength, which depends entirely on the quality 
of the filler or inside portion. 

MaKing Cigars by Hand. In the hand- 
made cigars workmen require years of experience 
before they can turn out well-made cigars ; but 

f late years machinery and various pieces 
apparatus have been employed to assist the 
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operator. The making of cigars by hand can hA 
thus described : The tobacco leaves ore moistened 
by spraying to render them pliable, the stem 
is removed, and the leaves piled on the top 
of each other. The workman sits at a bench on 
which is a maple wood block, under which is a 
drawer for waste, and near him is a rack or box 
to receive the finished cigars. He is 
also provided with a knife for cutting 
purposes, a vessel of tragacanth paste 
for sticking the outer wrappers, and 
a cutter adjustable for various lengths 
— three to seven inches — with which 
to trim the end of the cigar to the 
proper length. There is a pile of 
wrapper leaf kept damp on one side, a 
supply of filler leaf on the other, and 
inner wrapper or binder leaf in 
front. A wrapper leaf is spread on 
the board, and cut into as many 
wrappers as it will make, the waste 
being pushed into the drawer. The 
binder leaf is torn into suitable 
pieces, and of these a large piece is 
laid on the board, and a smaller piece 
is placed on the top of it. The work- 
man gathers up a handful of filler 
leaf, shapes it according to the kind 
of cigar required, puts it on the 
binder leaf, and rolls it herein. Care is needed 
to effect the packing and rolling easily, or a 
defective smoke will result. The outer 'wrapper 
is then rolled on spirally, beginning at the thick 
end, the mouth end of the cigar being manipulated 
to a point, and the edge of the wrapper touched 
with paste. The cigar is then trimmed to the 
desired length in the 
cutter machine. 

Auxiliary Ma- 
chinery. To assist 
the workman, suction 
wrapper holders and 
cutters are now em- 
ployed, by which a sav- 
ing of wrapper is ob- 
tained and a smoother 
appearance given to the 
cigar. Originally the 
suction tables were let 
out on hire, but they 
are now obtainable at 
much more advanta- 
geous rates. Some of 
these have a die for 
cutting out the leaf, but 
improved patterns em- 
ploy a circular knife, so 
that the leaf is not tom 
at the edges [ 12 ], 
Bunching machines are 
also employed, in which 
the filler is placed in a shaping cup, and by 
means of a concave roller and revolving 
apron the filler is quickly prepared in a 
suitable shape for binding. In another 
variety of bunching machine a pocket is 
formed in the apron, and no shaping cup is 
needed. 
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Moulded Cigarj. In moulded cigars 
tne bunches of filler are put into wooden moulds, 
gome twenty moulds being arranged in each. 
The filled moulds are plac^ under a press for 
some hours, and are then ready for taking out 
and covering. Naturally it does not require 
such expert workmen to make cigars by the 
mould method, but the results obtained 
are, when using modem moulds, difficult 
to distinguish from hand-made cigars. 

The revolving mould is considered to give 
the best imitation of hand- 
made cigars. The hand- made 
cigar generally contains more 
tobacco than a moulded 
cigar. The moulds are ob- 
tainable in a great variety 
of shapes— the Miller, Dubrul, 

& Peters Manufacturing Co., 
of Cincinnati, illus- 
trating in their list 
many hundreds of 
shapes and sizes [18]. 

The nearest approach to 
a machine for making 
cigars is obtained by 
combining bunching 
machines and moulds. The Reuse machine feeds 
the tobacco to two pairs of jaws, which form 
the core to any desired shape, and subsequently 
put on the binder and wrapper. A small mould 
is employed for shaping and polishing the 
point of the cigar. The Wartmann machine rolls 
the cigars between four rub- 
ber rollers, so shaped that a 
pocket is left between the 
rollers in the shape of a cigar. 

Finishing and Box- 
ing. The cigars as turned 
out by the above processes 
are dried in the sun, or by 
a gentle heat, and sorted out 
according to colours, branded 
if needed with a hot brand, 
packed, and pressed into 
bundles or boxes. Before 
boxing the cigars a little per- 
fume is sprinkled in the box. 

This perfume contains rum, 
lemon, cedar, vanilla, and 
other essential oils, the pro- 
portions of which vary, each 
maker having his own secret 
formula. The red cedar 
wood, of which the boxes are 
made, comes from Cuba, 

Mexico, and Central America, 
but the forests are rapidly 
being depleted. 

Cigarettes. The con- 
sumption of cigarettes has 
increased so enormously of 
late years that it is difficult 
to realise that cigarette -smoking is quite a 
modem habit. The fashion was set by the 
soldiers who returned from the Crimean War, 
where circumstances had necessitated the 
use of tobacco in the form of cigarettes, and 
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preference climg to the habit so formed when the 
necessity for it had vanished. 

Cigarette MaRing. The art of making 
a cigarette is first to prepare a sufficiency of 
tobacco in the form of a rod, and then to enclose 
the rod of tobacco in rice paper, fastening 
the edges of the paper together by pasting 
or twisting. Cigarettes up to recent years 
were made mostly by the smoker himself, 
but the invention of aut omatic machinery has 
transferred the operation to 
large manufacturers. The 
evolution of the cigarette 
machine is a striking instance 
of the perseverance of inven- 
tors and of ultimate success. 

Single Cigarette Ma- 
chines. The simplest t 3 rpc 
of cigarette machine is that 
in wliich single cigarettes are 
made, this type being divisible 
into two: (1) Machines in 
which the tobacco is prepared 
and encased in rice paper ; 
and (2) machines in which 
the plug of tobacco is stuffed 
into a ready-made tube of 
paper. It will be noted that the efforts of inven- 
tors were very modest at first, the manufacture 
of cigarettes following strictly on the lines of the 
hand-made article. As an example of the first 
type of single cigarette machines may be cited 
the Evans Concinnum machine [14], which first 
. . , appeared on the market in 

1877. In this the tobacco for 
one cigarette was arranged 
on a grouping of small, cor- 
rugated rollers driven from a 
central wheel. The tobacco 
being neatly arranged, a 
cigarette paper was intro- 
duced, the lid closed, and 
then one turn of the handle 
wrapped the paper neatly 
round the tobacco. The 
makers of this machine claim 
that an expert operator can 
turn out 150 to 250 cigarettes 
per hour. A more ambitious 
machine on a similar princi- 
ple was that of F. J. Luding- 
ton, invented in 1891. In 
this the tobacco was rolled 
and the edge of the wrapper 
pasted automatically. The 
next step is shown in the 
Lemaire machine, in which 
the cigarette filler is cut into 
lengths before being rolled 
in paper and the edges of the 
paper pasted, it being claimed 
" that less waste and no loose 
ends result from this method. 
In the Williams machine the tobacco is fed to 
automatic mechanism and predetermined charges 
severed and conveyed to the rolling apron, there 
being mechanism for cutting the wrappers and 
pasting the edge, air suction being employed to 
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keep the papers flat. Girard, in 1895, with a 
view to quickening the procees, devised a mov- 
able part in the mould, through which the 
cigarette was ejected by a jet of air. In this 
machine also the edges of the paper are folded. 
Grouvelle and Belot devised a machine for making 
four cigarettes at a time, the rolling being in imi- 
tation of the Angers bv means of oscillating 
hinged levers. In Wood's machine the paper is 
fed to the machine from a roll, the width of 
which is equal to the length 
of the Anished cigarette. The 
Ililgartner and Walker in- 
vention is an attempt to pre- 
pare the tobacco more 
carefully before cutting it 
into proper lengths and 
feeding it to the rolling 
table. 

Plunger Type Ma- 
chines. The Pierrot 
Minnot machine, invented 
in 1884, may be taken as 
an early example of the 
plunger type machine. 

The tobacco is brought 
down from a receiver 
lietween two endless bands 
running at different speeds to equalise the 
thickness '>f the layer. The tolmcco thus 
carried forward enters laterally into a mould, 
the bottom of which rises to detach and 
compress the quantity to form a cigarette. A 
strip of paper tq form a mouthpiece is twisted 
into form within the mould and is carried 
upwards with the tobacco when the mould closes. 
A piston then advances and pushes the contents 
of the mould out endwise through a tube or 
sheath, on which a paper wrapper has previously 
been arranged. Nippers hold the wrapper upon 
the sheath, and at the proper time allow it to 
pass forward, so that it may receive the tobacco 
within it and also the mouthpiece in its proper 
position as these are thrust out of the mould r)y 
the piston. The end of the cigarette is received 
by scissor- like cutters which remove the super- 
fluous tobacco. The wrap{>ers to be Ailed are 
taken from a magazine by a skewer-like instru- 
ment, which passes through a wrapper, removes 
it endwise from the mag- 
azine, and carries it to a 
sheath ; then a slider on 
the skewer pushes the 
wrapper off endwise and 
transfers it to the sheath. 

The inventor claims that 
this machine will make 
15,000 cigarettes a day. 

The machine has since been improved in respect 
to the mechanism by which the proper quantity 
of tobacco is detached from the mass before com- 
pression in the mould. Deconfl^’s machine of 
1886 makes paper tubes with interlocking edges 
unpasted. These tubes are then placed on* the 
end of a funnel and the tobacco contained in 
the funnel pushed into the tube by means of a 
lounger. The Georgii machines are of this t 3 rpe ; 
Ihe tobacco is rolled in an apronj and the charge 
437# 
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pushed by a reciprocating plunger into finished 
paper tubes. The Ollagnier machine requires 
hand work to judge of the quantity of tobacco ton 
each mckchine, the charges being then rolled and 
introduced into paper tubes. Grouvelle and 
Belot also adapt^ the plunger device for a 
machine making two cigarettes at a time. To 
the plunger type also belong the Jasmatzi, Berg- 
strsesser, anci Pederson machmes. The New 
Transporter machine is one which is largely used 
by tobacconists in England. A paper tube is 
slipped over a projecting funnel and held there 
until filled with tobacco, and bjr means 
of interchangeable parts the cigarettes 
may be made circular or fiat 
and of different degrees of thick- 
ness. 

It is an mterestmg problem 
whether this type of machine will 
outlast other kinds referred 
to in this lesson. It is cer- 
tainly at the present one 
of the most popular types. 

Paper tubes for cigar- 
ettes are made in contin- 
uous lengths, the Bruandet 
machine being capable ol 
making daily a length of 
tube corresponding to half a million cigarette 
tubes. Separate machines cut up the tub^, and 
in some factories a special machine is used for 
opening up the fiattened tube before filling it 
with tobacco. 

All - tobacco and Folded - end 
Cigarettes. All-tobacco cigarettes, in which 
the outer wrapper is cut from cigar leaf, are 
necessarily made on single cigarette machines, 
apparatus being provided for cutting out the 
wrappers. It is necessary to exercise, care in 
cutting up a leaf of tobacco to avoid the heavy 
veins and midrib. A difficulty is often experi- 
enced in fastening the wrapper properly. A 
tragacanth paste is the best adhesive to use. 
The Hayden cigarette machine is one which folds 
in the end of the cigarette after the manner of 
Spanish, Cuban, or Mexican cigarettes. No paste 
is used on the paper wrapper, a twisting motion 
sufficing to hold the wrapper securely. This is 
done to enable the user to readily open the 
cigarette, as it is custo- 
mary for users of this 
form of cigarette to roD 
the tobacco by hand 
before smoking. 

Conical and Oval 
Cigarettes. The shape 
DUPLEX LID CIGAR MOULD cigarettes is not al- 

ways round. One of the 
Bonsack machines is devised for conical cigar- 
ettes, users of this shape of cigarette contend- 
ing that there is less waste of tobacco in the end 
thro^ away. The oval, flat, or elliptical cigar- 
ette is growing in favour, the shape being better 
adapted for holding between the lips. The seam 
of the paper wrapper is generally on the flat 
side, but it is suggested that an improvement 
would be to make tne seam on one of the narrow 
edges. The tobacco as prepared for the machine 
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is of a round section^ and must be separately 
moulded to the required elliptical shape. One 
of the Elliott maohmes has been adapts to this 
purpose, and one of the well-known Baron 
machines moulds the tobacco rod to an elliptical 
shape before wrapping. In the Braunstein and 
Chambon machine the tobacco is introduced 
into the paper tube by a spiral or screw arrange- 
ment and the finished cigarette pressed into 
oval form. Such cigarettes have, 
however, a tendency to return 
to their original shape. 

Mouthpieces. To 
prevent cigarettes ad- 
hering to the lips they 
are . provided with 
mouthpieces. These 
may be made by bronz- 
ing or waxing the end 
of the paper or by at- 
taching a separable 
mouthpiece. Mouth- 
pieces of stouter paper 
than that used for 
wrappers are dipped or 
brushed with melted 
paraffin wax, which gives them a translucent 
appearance and is qmte effectual in preventing 
the cigarette sticking to the lips. Special 
machines are used for making and attaching 
mouthpieces, one kind also removing a little 
of the tobacco from the end of the cigarette 
and inserting a small plug of cotton-wool. 

Continuous Cigarette Machines. 
The machines in which a long row of tobacco 
is encased in paper — the operation proceeding 


brought to the middle of the belt by converging 
guard-plates, and then pressed sideways between 
two pressers moving towards each other. The 
tobacco then passes between converging spring 
guides to a series of pairs of grooved shaping- 
wheels on vertical shafts, by which it is press^ 
into an endless rope. Running along the upper 
surface of these wheels is a horizontal endless 

belt. (Scrapers of 
special form and 
arrangement are 
provided to remove 
any matter adhering to 
the shaping \vheel8. 
The tobacco then 
passes on to the endless 
strip of cigarette paper, 
and the two pass 
tlirough the forming 
apparatus, by which the 
paper is gradually bent 
up and folded round 
the tobacco and finally 
pasted and pressed. 
The adhesive is applied 
to the pasting disc by 
means of an endless thread running through 
the paste reservoir. After the endless cigar- 
ette is formed, it passes to a cutting apparatus, 
consisting mainly of a rapidly rotating disc 
cutter carried at the end of a revolving arm. 
In 1893 was introduced the Sloan & Barnes 
machine, in which the ribbon of paper is fed 
round the rope of tobacco in a spiral manner. 
The inventors likewise improved the manner of 
preparing the’ filler. The Maxfield machine also 
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indefinitely — and then cut up into cigarettes mark 
a distinct advance [15]. The Elliott machine, 
invented in 1890, started with the loose tobacco, 
which was spread in a layer, parted into windrows 
of uniform width and quantity, and pressed into 
continuous compact ropes or rods of tobacco. 
The wrapper was Ihen applied and pasted 
suitably. In the Bohl machine of 1893 the 
tobacco is fed forward upon an endless carrier 
belt moving upon a horizontal table, and is 


applies the paper spirally. The next step in the 
evolution is the abandoning of the use of paste 
for sticking the edges of the paper horizontally 
applied. Paste impares the flavour of the 
cigarette, and Munson’s machine provided an 
interlocking device for the edges of the paper, 
the seam being afterwards crimped to make it 
hold. The Allagnon method of closing the edges 
is by two pressures on the seam, one being by 
means of a toothed disc. Kirshner also claims 
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an indenting or crimping device for holding the 
(Klgee together, adaptable to the Bonsack 
machine. 

Obviating Frayed Ends. Of the many 
attempts to prevent tobacco fraying from the 
ends of cigarettes may be mentioned Lumley & 
Taylor’s machine. In this the arrangement for 
cutting up the continuous rod is so devised that 
it clears the tobacco away from the space about 
to be cut. One of the greatest difficulties that 
have had to be overcome in this type of machine 
is in the apparatus for carding or combing the 
tobacco to equalise it before forming it into rope. 
If the supply of tobacco be unequal, it gives a 
rope of unequal density, which shows itself in 
cigarettes that are difficult to draw. The 
Bonsack machine is one in which the mechanism 
in this respect has reached a higli pitch, one of 
these machines being adapted equally for long 
or straight cut tobacco or granular tobacco. 

PIPES AND PIPE MAKING 

The materials of which tobacco pipes are made 
are of various kinds — clay, wood, meerschaum, 
asbestos, and metal. Baked clay is probably 
the oldest material of which pipes have been 
constructed, and the manufacture of clay pipes 
therefore will be considered first. 

Clay Pipes. The clay from which pipes are 
made is a soft clay nearly free from iron, lime, 
and magnesii., so that it is colourless when 
baked, and very refractory. Broseley in Stafford- 
shire, Purbeck in Dorsetshire, and Glasgow are 
centres of clay-pipe manufacturing. There are 
two main processes employed in the making of 
clays — namely, pressing and moulding. Pressing 
is mostly done on the Continent, and is rapidly 
dying out as the results are very unsatisfactory. 
In moulding, the clay is first of all weathered and 
matured till on the addition of water it can be 
kneaded into a smooth, homogeneous mass, 
sufficiently tenacious to hold together readily. 
A mould of steel or brass is prepared which 
represents each half of the clay pipe cut longitu- 
dinally down the centre, a brass block occupying 
the place of the inside of the bowl. Clay is laid 
in this mould and pressed, the block being 
inserted, so that the result is an exact half of a 
clay pipe. If two or more such moulds be 
prepared — in actual manufacture each mould 
consists of a great number of half pipes — and laid 
together so that the edges of the clay bowls and 
the flat sides of the shanks, which are solid, are 
in apposition a complete pipe is formed, a wire 
being passed down the centre to make the bore. 
The press is then opened and the pipe removed. 
Another workman trims off the rough edges and 
pulls Out the wire from the stem. The pipes are 
allowed to dry in the air for some time, and are 
then baked. 

Firing. The pipes are stacked in a large 
firing oven, similar to the ovens in which 
earthenware is baked, and the heat gradually 
brought up to a red heat. After a period of 
firing, which varies according to the kind of . 
clay, the fire is allowed to die out, and when 
cool the pipes are removed from the oven. 
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Shiny clays are treated, before baking, with a 
lead glaze, such as is employed in glazing pottery, 
but some cla]^ receive a natural glaze from the 
mould which is retained even after firing. 

The mouth end of the pipe is tipped with 
sealing-wax dissolved in methylated spirit. 
The moulds for pipes are of various patterns. 
In the list published by McDougall & Co., of 
Glasgow, over 400 different kinds are quoted 
and figured. Pipe-making machines are also 
employed, one of ^e best being that invented by 
Mr. Young, of the firm of Davidson & Co., of 
Glasgow. 

Briar Pipes. Wooden pipes are made of 
various hard woods, the chief being briar or 
bruyere root. This wood is used on account of 
its incombustibility. Briar wood has no con- 
nection with rose briers, but is the root of Erica 
arborea^ a species of heath, which is grown in 
France, Italy, and Corsica. Centres of the briar 
pipe industry are St. Claude, Jura (France), and 
Nuremberg. The pipes are finished and fitted 
in London, but much briar wood is now obtained 
in Scotland and made into pipes in England. 
The roots are shaped roughly into the form of 
pipes, and then simmered for twelve hours in a 
vat, which has the effect of imparting the much 
admired yellowish-brown tint. A good pipe 
needs to be free from flaws, and as only about 
10 per cent, of the pipes made fulfil this condi- 
tion, it is not difficult to understand why a good 
briar pipe is expensive. The flaws in second 
quality pipes are stopped up with a composition, 
but the difference is apparent after the pipevs 
have been smoked a few times. The rough 
blocks are converted into pipes by a process of 
turning and grinding. 

The other woods used for pipes are the Mahaleh 
cherry, which grows near Vienna, the mock 
orange of Hungary, the jessamine sticks of 
Turkey, Australian myal wood, and ebony. 

The HooKah of the East. Mention 
may here be made of the hookah or water pipe 
preferred in Oriental countries. This smokin" 
apparatus consists of three parts : (1) The head 
or bowl ; (2) the water bottle or base ; and (3) the 
flexible tube and mouthpiece. The smoke passes 
through water, and hence is quite cool by the 
time it reaches the mouth. 

Meerschaum Pipes. Meerschaum is a 
hydrated magnesium silicate which, from its 
appearance and lightness, has become known 
as “ soa-froth.” It is found in Asia Minor 
(the plains of Eski-shehr), at Negroponte and 
Samos (Greece), and in California and Spain. 
The meerschaum is made into pipes at Vienna 
and Ruhla in Thuringia, whither it is imported 
in the rough state. The irregular blocks of 
meerschaum are scraped to free them from 
their red covering, dried, and polished with 
wax. The pipe- bowls are also soaked in melted 
stearine, wax, or spermaceti after they have 
been turned and carved. The reputation of 
meerschaum has declined of late years, but some 
smokers are still proud of the colour they have 
obtained on a well-smoked meerschaum pipe. 


Tobacco concluded: followed by Forestry 
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^gaged as passenger porters. Further, railway 
companies give limited employment to females. 
Till quite recently, female employees were 
confined to such posts as laundry-maids, ladies’ 
cloak-room attendants, and barmaids in refresh- 
ment rooms. However, female clerks are now 
employed by the principal railway companies 
in the chief goods offices, and the employment 
of women in this branch will be augmented in 
the future. The Great Western Railway employs 
female attendants on a few of its long-distance 
corridor expresses. The duties of these “train 
maids ” are the care of the toilet-rooms, the charge 
of children while their parents or guardians are at 
meals in the restaurant cars, and the chaperonfi^e 
of ladies travelling without an escort. The 
Irish railways have some female booking clerks. 
It may be noted that the Continental railways 
go further than the British where female labour 
is concerned, employing women as gatekeepers 
at level crossings, and placing them in charge of 
signal cabins on main lines even. On its present 
comparatively small scale in the goods and traffic 
departments, female labour is mainly recruited 
by selection from among the daughters of the 
companies’ “ weekly wages ” staffs. 

^Premium Apprentices. Most com- 
panies take “gentlemen,” “cadet,” or “superior 
apprentices” into thefr locomotive and engineer- 
ing departme 'ts, and one or two also admit 
a few such premium apprentices to the clerical 
staff. The age at which “ superior apprentices ” 
are accepted is generally about 17 years. 
There is no formal examination save for sound 
health and eyesight, but candidates are ex- 
pected to have what is known as “a good 
public school education.” The premium payable 
varies with the different companies from £50 
to £100, and is partly returned in wages after a 
probationary period has been served, the remain- 
der of the money being devoted to the mechanics’ 
institutes, libraries, schools, etc., organised by 
the comj)anies for the benefit of their employees. 
Premium apprentices go through the mill in the 
locomotive works, carriage shops, running sheds, 
drawing offices, etc,, just like the sons of working 
men and clerks who are apprenticed to a railway 
company without paying any premium. As a 
rule, no definite promise of future employment 
when the apprentice shall have completed his 
training is made. There are so few higher posts in 
the railway service that the companies are flooded 
vith fully-trained gentlemen apprentices, who 
do not care to accept all that their employers have 
usually to offer them — namely, subordinate posts 
worth £2 per week. Consequently, the majority 
have to leave home railway employment and try to 
obtain work on Colonial railways, or in various 
engineering industries. The fact that a young 
engineer has passed with credit through the 
Swindon or Crewe railway works is a good re- 
commendation, although it is not a guarantee to 
his finding lucrative employment in civil life. 

Railway Rules. Eveiy servant of a 
railway company on his appointment is given 
a copy of the “ Rules and Regulations,” which 
have been agreed to generally by the companies 
that sre parties to the railway clearing system. 
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The manual contains a compendium of the rules 
laid down for si^alling, control and working 
of stations, working of trains and permanent 
way and works. “ Every servant will be held 
responsible for a knowledge of, and compliance 
with, the whole of its contents.” 

Varieties of Occupation. The railway 
service embraces several hundreds of distinct 


occupations and grades of particular occupacions. 
The following table sets forth the principal 
callings of railwc^ servants as distinct from the 
salaried staff. The department under which 
each occupation falls is indicated in brackets. 


Artisans (engineer’s) 
iialJast packers (engineer’s) 

* Har boys (loco.) 

Boiler smiths (loco.) 

Boiler washers (loco.) 

Book carriers (goods) 
Brakesmen (goods) 
Callers-off (goods) 
Canvassers (goods) 
Canvassers, passenger 
(traffic) 

Capstanmen (goods) 

Carriage cleaners (carriage 
and waggon) 

Carriage examiners (carriage 
and waggon) 

Checkers (goods) 

Clerks, booking (traffic) 
Clerks, goods (goods) 

Clerks, parcels (traffic) 
Clerks, lost property (traffic) 
Clerks, telegraph (engineer's) 
Clerks, female (goods) 
Conductors (traffic) 

Cooks, dining-car (hotels 
and refreshments) 
Detective inspectors (general 
manager’s) 

Detective sergeants (general 
manager’s) 

Dining-car attendants (hotels 
and refreshment) 
Electricians (electrical 
engineer’s) 

Engine-drivers (loco.) 
Engine-coalers (loca.) 
Engine-cleaners (loco.) 
Firemen (loco.) 

Fire-droppers (loco.) 
Fire-lighters (loco.) 

Fitters (loco.) 

Foremen, platform (traffic) 
Foremen, parcels (traffic) 
Foremen, permanent way 
(engineer’s) 

Foremen, slied (loco.) 
Foremen, shunter (traffic) 
Gangers (engineer’s) 
Gatekeepers (traffic) 

Goods agents 
(Juards, passenger (traffic) 
Guards, goods (traffic) 
Guards, relief (traffic) 
Guards, porter (traffic) 
Guards, pilot (traffic) 
Greasers (carriage and 
waggon) 

Horsekeepers (horse) 

Horse stablers (horse) 
Inspectors, district (traffic) 
Inspectors, district 
(engineer’s) 

Inspectors, platform (traffic) 
Inspectors, yard (goods) 
Kitchen porters, dining-car 
(hotels and refreshment) 


Labourers, miscellarieous 
Lampmen (traffic) 

Letter sorters (traffic) 
Loaders (goods) 

Number takers (goods) 
Omnibus drivers (horse) 
Platelayers (engineer’s) 
Porters, platform (traffic) 
Porters, luggage (traffic) 
Porters, goods, indoors 
(gooas) 

Porters (parcels post traffic) 
Porters, signal (traffic-.signal 
engineer) 

Point cleaners (engineer’s) 
Policemen (traffic) 

Rail motor- ra.r drivers (loco.) 
Rail motor-car firemen (loco.) 
Rail motor-car conductors 
(traffic) 

Road motor-car drivers (loco. 

or special automobile dept. ) 
Road motor-car conductors 
, (traffic) 

Sand driers (loco.) 

Searchers (goods) 

Shunters, passenger (traffic) 
Shunters, goods (traffic) 
Signalmen (traffic-signal 
engineer) 

Signal fitters (traffic-signal 
engineer) 

Signal linemen (traffic-signal 
engineer) 

Sleeping-car attendants 
(traffic) 

Stationmasters (traffic) 
Smiths, miscellaneous (en- 
gineer’s, works manager’s, 
chief mechanical engi- 
neer’s) 

Surfacemen (engineer's) 
Telegraphists (traffic) 
Telegraph messengers, 
juniors (traffic) 

Telegraph linesmen (elec* 
trical engineer or signal 
engineer) 

Ticket collectors (traffic) 
Ticket inspectors (traffic) 
Truck markers (goods) 

Tube cleaners (loco.) 

Va!i boys (traffic) 

Van drivers (traffic) 

Van mechanics (carriage and 
waggon) 

Van washers (horse) 

Waggon examiners (carriage 
and wflggon) 

Waiting-room attendants 
(traffic) 

Watchmen (traffic) 

Wheel tappers (loco, carriage 
and waggon) 

Yardmen (goods) 


Some particulars as to wages are included in 
the following articles of the series, which deal 
with the work of the different departments. 

The companies also provide the uniforms for all 
members of the uniformed staff, and also certain 
articles of the working clothes worn by other ser- 
vants. For instance, enginemen are supplied with 
pilot-coats and labourers with greatcoats. Then, 
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lodging allowanccjB are giv«i and travelling -ex- 
penses defrayed when men are away from home. 

Advantages and Drawbacks of the 
Service. The advantages and disadvantages 
of the railway service may be enximerated. 

First is permanency of employment and 
security of pay. Once on the regular staff a 
man may rely upon continuing in the company’s 
service till incapacitated by age, provided that 
his habits are steady and diligent. The railway 
service is on a par with the Post Office and other 
Gkivemment spheres of employment in that its 
employees have nothing to fear from fluctuation 
of trade. The only exception is the case of the 
mechanics employed at railway works, who are 
liable to be placed on short time, but not dis- 
charged in time of slackness. 

Secondly, there are the liberal superannuation, 
pension, provident funds, etc., backed up by well- 
organised benevolen't societies and saving banks. 

Thirdly, the man has a fair fi^ld and no 
favour in respect to promotion. Sir George 
Findlay did not exaggerate when he wrote : 
“ The humblest railway servant, if he does not, 
like one of Napoleon’s corporals, carry a m^irshal’s 
baton in his knapsack, may at least contemplate 
a field of possible promotion of. almost as wide a 
scope.” It would surprise the public to hear 
of the humble beginnings of many of the fore- 
most railway men of the day. 

First among the disadvantages are the long 
hours, and secondly, where the salaried staff 
are concerned, the emolument cannot be de- 
scribed as princely. The higher posts carry 
with them good incomes, but the number of 
such posts is proportionately very small, work- 
ing out to about only one-tenth per cent, 
of the total number of all grades employed. 
Thirdly, hard and unremitting application to 
work is demanded of all railway men. There is 
a fourth disadvantage, which concerns only the 
operating staff — that is, enginemen, shunters, 
guards, etc., whose duties must be placed in 
the category of dangerous employments. 

Superannuation. Superannuation fund 
associations are for the benefit only of the 
salaried officers, and membership is obligatory 
as a condition of service for all who join under 
28 years of age. Their object is to provide 
each contributing member with a superannua- 
tion allowance on his retirement Irom the 
service between 60 and 65 years of age, or at 
any earlier period should his health perma- 
nently fail, provided that he has been at the 
time of his retirement a paying member for ten 
years, while there is also a payment to a 
member’s next-of-kin in the event of his death 
before superannuation. 

Each of the larger companies has its own 
superannuation fund, managed by its own officers, 
while the Kailway Clearing House has — or, 
rather, had — a Superannuation Fund Corporation 
for all less important companies who chose to 
join it. In 1906, unfortunately, on a valuation 
the latter fund was found to be not what is called 
“ aetuaiially sound,” and the scale of benefits had 
to undergo drastic revision. The Great Central 


Company, however, withdrew and founded one of 
their own. They did it on terms amicably arranged 
and some of the other companies affected are 
now seeking powers to follow their example. 

The members’ contributions amount, as a rule, 
to 2| per cent, per annum of their salaries, being 
deducted monthly from their pay, and the 
company contributes in equal proportion. If a 
member elect to retire from the service of a 
company before superannuation, or if his services 
be dispensed with by the company from any 
cause other than fraud or dishonesty, he receives 
back the whole of his own contributions. If 
he be dismissed for fraud or dishonesty, he is 
liable to forfeit the whole of his contributions. If 
he die before superannuation, his representatives 
receive the equivalent of half a year’s average 
salary, calculated over the whole term of his 
contributions, or the sum of his own contribu- 
tions and those of the company in his behalf, 
whichever be the greater. 

Provident Societies. The “ wages ” 
staff, both weekly and daily, have the benefits 
of insurance, provident, and pension societies. 
The object of the insurance society is to provide 
an allowance for the first two weeks of dis- 
ablement arising from accident incurred while 
in the discharge of duty, and a supplemental 
allowance to that provided by the Workmen’s 
Compensation Act, 1897, in cases of disablement 
extending beyond two weeks, and an allowance 
in cases of death or permanent disablement 
arising from accident in the discharge of duty, 
in those cases in which the company are not 
liable under the above Act, or are only liable 
up to a sum of £10 ; also an allowance in cases 
of death arising from other causes than accident 
on duty. Meml>er8hip of the insurance society 
is voluntary, the men contributing from Id. to 
3d. per week, according to class. 

The provident and pension societies are 
usually merged together, and membership of 
both is obligatory. 

The provident society insures a weekly 
allowance in cases of temporary disablement 
for work arising from other causes than accident 
on duty ; a retiring gratuity for old or disabled 
members in certain cases, with th? same restric- 
tion a.s before ; a death allowance to the repre- 
sentatives of deceased members, provided that 
death was not incurred through an accident 
on duty ; and an allowance towards the funeral 
expenses on the death of a member’s wife. 

The pension fund awards pensions to old or 
disabled members aged between sixty and 
sixty-five, subject to their having been members 
for a period of twenty years ; while when he 
has arrived at sixty -five any member can claim 
his pension irrespective of the state of his health. 

The weekly premiums to the joint societies 
begin at 2d. for third-class members under 18 
years of age, or receiving less than 12s. per 
week in wages, and rise to Is. 2d. in the case of 
members who join the first-class from forty to 
forty-four years of age. 

Some companies have distinct benefit societies 
for the locomotive staff. 
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TELEGRAPHS 

1 

The Training of a Telegpraphist The Morse Code. The Trans- 

Vollowing OU KLEITKIOITT 
from iMgci 

mitting and Recording Instruments and their Manipulation 


By D. H. KENNEDY 

A PRACTICAL telegraphist IB a person of either obtain also tuition in practical telegraphy 
^ sex who has been trained in the art of signal- at outside schools, such as that conducted at 
ling messages by electric telegraph. The length Mortimer Street. London, by the Regent Street 
and variety of this training vary enormously. Polytechnic. The length of time without pay is 
for whereas a few days’ practice is often suffi- reduced accordingly. 

cient to enable the village shopkeeper to signal The learner's first duty is to make acquaint- 
messages on the “ Wheatstone ABC” instru- ance with the Morse code [1] and the time code 
ment, years of training are required for the mak- ( 2], and for this purpose he is provided with cards 
ing of the all-round expert ^ giving the necessary infor- 

who can deal with all classes iuir%ocer ai ouAatT^r mation. 

of instruments and of work munx ALmAacT 

such as arc found in every >1-- H — O™ t/-- . letters of the alphabet are 

large telegraph station. ^ “III* j 11 q UlTll. Jv formed by combinations of 

Although the art of signal- K — - /? • — X—— and dashes, varying in 

ling messages was known ^ “ L ^ y number from one to four, 

before the invention of the * “ while the figures in each case 

electric telegraph in 1837, the have five. In determining 

enormous development which proportionate length of 

followed that epoch-making ^ the various signals and spaces, 

event necess.tat^ the provi- the fundamental unit is the 

sion of large numbers of NUMERALS dot. A dash is equal in dura- 

signal ers, and opened a new 7„..- O— ^ three dots. The space 

career to many thousands of between the elements of a 

both sexes. In passing, we 5.1777 g....— 97771. letter is equal in length to 

may mention that the,re are (-as T 

numerous mstances of tele- oaliqus stroke (as in s/^) ating the letters ot a word is 

^aphists attaining to posi- sykiaol to be used aetwUn “ ^ while 

tions of world- wide fame, whole numbers and fractions the space between words is 

noteworthy examples being ABBREVIATED NUMERALS 

Edison, the great inventor, use only in the ntPermoN of f>i^up^.k The time code is used prin- 
and Carnegie, the millionaire cipally to indicate the time 

donor of libraries. . 4 ....... which a telegram was' 

Entering the Service. p*"- ^1.. handed in. Each figure on 

The aspirant must first enter 1. , o IV clock has an assigned 

for one of the open Compoti- ” — y — • letter, so that A stands for 

tive Examinations for Tele- PUNCTUATION 1 o’clock, C for 3 o’clock, AC 

graph Learners. Full infor- sropr.j 

mation is given in the Civil bueak sionalCbcjween the ) on. For the four minutes 

Service course [page 2807], the text and sionature oe j which intervene between 

and we shall assume that hit fNTER^RooAmoN(?) every two five-minute points, 

visit to the Civil Service Ex- 1- letters r, s, w, and x are 

aminers has had a satisfac- ARosTRORHTrjy- used, so that CAr means 3.6, 

tory result, and that he has T.'L’ITm'’ ACw means 1.18. 

also passed safely through The Sounder Instru- 

the inspection of the medical ment. After studying this 

officer. card the learner will take his 

Our learner now takes up clear^ed^oSt^^^I place at a sounder set [6], 

duty in the Telegraph School ~~ ' consisting of a single-current 

at the G.P.O., where he will t. morse code key and a sounder. They are 

, en^main until he attains suffi- short-circuited — that is, ar- 

^wint oxpertness to deal with public messages. ranged so that the key controls the sounder. 

,pm. will receive no pay, will practise eight There he will spend many hours practising the 

^^’jg^pOiper day, and may require from 10 to formation of the letters, and familiarising his 

weeklV® ^ reach the required standard. In car with the sounder. 

ost cf learner will, on entering the Much care and patience are necessary, for a 

^hooVv » ^ telegraph in- bad style once formed cannot easily be improved. 

.lUment, but many energetic youths while C is usually found to be the most ffifficult 

®mreparing for their Civil Service Examination letter, while H and V also require special 
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attentum. When he has made some progress the 
learner is allowed access to the inkwriter [8]. 
Here, in addilhm to hearing the sounds, he has 
a printed record of his efforts, and is able to 
see from the inked slip which letters require 
most attention with a view to improvement. 

Before introducing any other instrument, 
it will be well to explain the adjustments of those 
already mentioned. Further details of the 
theory and construction of all the apparatus 
will be found in Telegraph Engineering. The 
telegraphist is concerned only with 
the working adjustments. 

Adjusting the Key. The 
sin^e-current key is made up of a 
brass' lever which is mounted on an 
axle so that it oscillates between 
two contact points. At the front 
upper side of the lever there is a 
horn or ebonite knob which is 
shaped so as to bo conveniently 
held by the thumb and first two 
fingers of the right hand. The 
brass bridge and contact points are 
fixed on a suitable wooden base. 

Normally the lever is held in connection with 
the rear contact point by the tension of the 
spiral spring. 

There are only two adjustments, one to 
determine the amplitude of the oscillation — 
commonly called the play of the lever — and the 
second to regulate the tension of the spiral spring. 
The former adjustment is made by means of the 
long screw which passes through the rear end 
of the brass lever. The screw has a cylindrical 
head containing small holes, so that it can be 
turned by a capstan spike, a little tool better 
known to the telegraphist as a tommy. It will 
be observed, however, that the end of the brass 
lever is split, and on one side of the lever there 
is a blue metal screw which is screwed up so as 
to tighten up the split portion, and 
prevent the adjustable con- 
tact screw from moving 
The blue screw must first be 
opened ; the contact screw 
ran then be altered to any 
desired position, and the blue 
screw again tightened up 
The usual amplitude is 
about inch. 

The adjustment of the 
tension is made byTaising 
or lowering the screw 
nearest the axle. For 
this purpose a scivwdriver 
is necessary. Oil is never 
necessary, and it should be remembered that oil 
is an insulator, and that its presence on electrical 
apparatus usually loads to trouble. 

Adjusting the Sounder. We turn now 
to the sounder. It is a little more complicated 
than the key. It consists of an electromagnet 
and a movable armature. The electromagnet — 
two bobbins of insulated wire, having iron cores 
connected at the lower end by a yoke piece of 
iron — ^is fixed to the brass base. The armature — 
a piece of blue annealed soft iron — is fixed by a 


screw to a bent lever of brass, the latter being 
provided with axle pins, and mounted in a brass 
bridge. 

The bottom end of the armature lever is 
attached to a spiral spring. The other end of this 
spring is connected to the milled adjusting screw 
which can be seen in front of the cores, and 
normally the spring tends to hold the armature 
away from the electromagnet. 

The upper end of the armature lever carries 
an adjustable stop which passes through it, and 
strikes against the angular bridge 
piece, when the armature is at- 
tracted. The uppermost adjusting 
screw forms the banking stop for 
the lever in its normal or upper 
position. ' Both of these adjusting 
stops, and the two axle screws are 
provided with check nuts. In ad- 
justing a sounder it is first necessary 
to see that the lever is properly 
centred, and the axle screws neither 
too tight nor too loose. The lower 
adjusting stop should then be fixed 
so that the distance between the 
armature, when depressed, and the iron cores is 
about of an inch. It must bo specially 

noted that if the armature be allowed to touch 
the cores it will not work properly. The upper 
stop should next be adjusted, and, finally, the 
tension of the spiral spring. 

Adjusting the Ink writer « The ink- 

writer [8j, now but little used in comparison 
with the large number of sounders, was, in this 
country, the predecessor of that instrument. 
It is practically the same instrument, but with 
tfle armature lever lengthened to carry an ink- 
wheel rotating in an ink-well and arranged 
so that when the armature is attracted the 
wheel makes a record on a paper tape which is 
drawn over a roller by clockwork. The 
gradual discovery by expert operators, 
that they could interpret the sounds 
made by the armature, led to the 
introduction of the much simpler 
and cheaper sounder instrument. 

The adjustment of the ink- 
writer, however, differs consider- 
ably in detail from that of the 
sounder. The end in view 
is the same in each case, 
but whereas with the 
sounder we begin from 
the fixed electromagnet 
and bring the other parts 
into proper relation, in 
the case of the ink- 
writer we have to begin with the ink-wheel, 
which must first be properly arranged for marking 
the paper when the armature is attracted. This 
is achieved by regulating the bottom banking stop 
of the armature lever. The upper stop limiting 
the play next receives attention, and finally the 
electromagnet is brought up to the proper 
distance from the armature by turning the 
adjusting screw near the base of the efctro- 
magnet. The tension of the antagonistic spring 
is adjusted in the same way as for the sounder. 
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Acquiring the Art. Generally speak- 
ing, the learner progresses in ** sending ” much 
more rapidly than in “ receiving.” A large 
sunount of practice is needed to enable the ear to 
recognise rapidly each combination of signals, and 
for the brain and the hand to act in 
unison, and so to translate the audible 
signals into the written message. It 
will Be observed that the mental pro- 
cess in which the receiving telegraphist 
is engaged is very similar to that of 
the shorthand reporter — each is trans- 
forming audible sounds into written 
symbols. 

In each case the writer is at the 
mercy of some other individual, who 
sets the pace. Fortunately, the rate 
at which it is possible to send by hand 
on a telegraph key is about the 
same as that which can be main- 
tained by an expert writer of long- 
hand. The average rate main- 
tained by good operators is about 
25 words (125 letters) per minute. 

In occasional cases, the rate goes 
up above 30 words per minute, 
and may reach 35, and in extra- 
ordinary cases 40 words per 
minute. Learners usually find 
the greatest difficulty at the 
stage from !5 to 20 words per 
minute. Not only have they at 
this point to mend their pace in 
the matter of writing, but at this speed it is 
quite impossible to set down letter by letter 
as received, and difficulty is experienced in 
following up because the writing is necessarily 
some way in arrear of 
the signalling. All these 
difficulties, however, 
give way liefore applica- 
tion and perseverance, 
and it is marvellous how 
expert the telegraphist 
ultimately becomes. 

It 18 the special virtue 
of the sounder system 
that, as only the ear is 
employed in the recep- 
tion of the signals, tlie 
eye and hands are left 
free for writing. 

In order to lighten 
and diversify his labours, 
the learner is also intro- 
duced to the ABC 
needle and punching 
instruments at an early 
stage, and thencefor- 
ward a certain amount of 
practice is had on each 
daily, the sounder re- 
ceiving the greater share. 

ABC System. But little need be said of 
the ABC [ 4 ]. This instrument was one of the 
many ingenious inventions of Sir Charles Wheat- 
stone. The method of operating is simplicity 
itself. Each station consists of two instruments 


the communicator and the indicator. The latter 
stands upon the rear portion of the first-named. 
The communicator dial is surrounded by 30 keys. 
The rearmost key is marked + (sometimes called 
zero), then follow the letters A to Z, and the 
three punctuation marks 
On an inner circle the numerals 
appear twice, once from A to J, 
and again from P to Y. The 
indicator dial is marked in the 
same way. Normally, both 
pointers stand at the zero -f . In 
order to send, the little crank in 
the front side of the communi- 
cator is turned at a uniform and 
fairly quick rate, and the letter 
keys are depressed one after 
another in the order required to 
make up any given word. The 
depression of each key automati- 
cally raises the key which had 
last been depressed, and the 
communicator pointer follows 
round. The end of each w^ord is 
indicated by depressing the zero 4- 
key. If any figures occur, the tele- 
graphist signals “ ; ”. The signals 
which succeed this are read from 
figures on the inner circle, and 
the finish of the group of figures is 
also indicated by the signal “ ; ”. 

In recent years, however, the 
Post Office has found it necessary 
to abandon the use of the dial numerals, and to 
substitute a system of spelling out figures, pre- 
facing the group of figures by the signal FI, and 
following by the signal FF. As the communicator 
needle travels from point 
to point, the indicator 
needles, both at the 
home and the distant 
station, move in exact 
synchronism, and so the 
message can be read and 
set down letter by letter 
by the distant operator. 
Usually the receiving 
clerk acknowledges the 
receipt of each word by 
sending one revolution. 
When from any cause 
the needles get out of 
synchronism, the com- 
municator needle must 
be turned to the zero, 
and the indicator needle 
brought to the same 
point by oscillating the 
little adjusting key 
which can be seen just 
below the dial. No 
other adjustment can be 
made without the aid of 
a lineman or mechanic. Any person of average 
intelligence can send and receive messages on 
this instrument after an hour or two’s practice. 
The rate of working is, however, always very 
slow. Ten words per minute is a good average 
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speed, 20 is quite exceptional. Its use is now 
practically restricted to village offices where 
messages are so infrequent as to render the re- 
tention of a skilled operator unremunerative. 

The Single Needle. The single needle 

[6], invented at the very birth 

of telegraphy, still survives, and 
possesses features which, in 
special circumstances, render it 
very valuable. In England, in 
addition to postal telegraphy, 
it is very largely used by rail- 
way companies. It is specially 
suitable where a number of 
stations are grouped on one line. 

In the Post Office form, the 
commvtator — as the sending por.- 
tion of the instrument is called — 
consists of two keys or tappers, 
which project forward below 
the writing desk. The Morse 
code is used, modified to the 
extent of substituting right and 
left deflections of the needle for 
dashes and dots. Thus, to send 
the letter A, the left key is 
depressed, followed imme- 
diately by a depression of 
the right key. Simultane- 
ously the needles at all sta- 
tions will deflect first to the 
left stop, and then to the 
right. The spacing between letters and words 
is similar to sounder working ; but as the time 
required for the “ dash ” element of a signal is 
the same as for the “ dot,” it is possible to send 
at a higher rate on the “ needle ” than on the 
“ sounder.” The signals are read _ 

from the needle by the eye, but it is 
now usual to supplement this by 
providing two tin sounders, giving 
out different notes against which 
the needle beats, so making sound 
reading quite possible, and relieving 
tlie eye, which tires much sooner 
than the oar. 

For railway service the commu- 
tator is usually of the drop -handle 
form [7]. The instrument 
can then be manii^ulated 
by one hand. The 
handle has three posi 
tions—centre or nor- 
mal* to the right for a 
dot, and to the left for a dash. 

One special advantage of the 
single needle, due to its simple 
construction, is the fact that 
adjustment is rarely necessary. 

It is sometimes, though only 
rarely, affected by earth cur- 
rents, which give the needle a 
bias to one side or the other, 
emergencies the dial is arranged so that it can 
be rotated through a large arc of a circle. It 
is accordingly turned round until the needle is 
properly centred between the stops, when 
working can be resumed. What may be called 
B 



SINGLE- NEEDLE TAPPER FORM 



SINGLE-NEEDLE DROP-HANDLE 
FORM 

To meet such 


the workshop adjustments of the single needle 
will be dealt with in the Engineering section. 

High - speed Telegraphy. Having 
earned his spurs at the various manual systems, 
our learner will be allowed to approach the 
marvellous Wheatstone automatic 
system. When wires were few and 
exceedingly expensive, this system 
was invented to increase the mes- 
sage - cariying capacity of long 
circuits. Wheatstone early realised 
that the quickest manual signalling 
was still a long way below the 
carrying capacity of telegraph 
wires, and he sought a means of 
greatly increasing it. For this 
purpose he designed three instru- 
ments — the perforator, the 
automatic transmitter, 
and the Wheatstone 
receiver. 

By means of the perfor- 
ator [8], messages are 
transferred to along thin 
paper ribbon. Of course, several 
perforators may be used by 
different operators preparing a 
batch of messages. The paper 
ribbons, commonly called 
punched klips [9J, are passed 
through the automatic trans- 
mitter. Controlled by the slips, 
the transmitter sends signals exactly similar to 
the human operator, but with the accuracy pro- 
verbial of a ma^iiine, and at speeds up to 600 
word^ per minute. At the distant station the 
messages an* received on a blue ribbon, which 
issues from the receiver in a fashiqn 
similar to the printer, but with the 
same difference as to accuracy 
and speed as prevail at the sending 
station 

One sees at a glance that this 
system deals with messages on the 
wholesale principle, and enables 
the labours of several operators at 
each end to be applied to one wire. 

The Perforator. The per- 
f orator [8] is a little mechanical 
arrangement in whieli three keys 
are arranged so that ^^lien de- 
pressed by striking them with 
little rubber-shod iron punching- 
sticks, they operate levers and 
cutters which make certain holes 
in a white paper ribbon. The 
left key corresponds to dots, 
the centre key is the spacing 
key, and the right key makes 
the dashes. 

In the operation of punch- 
ing both hinds are used, but 
the keys corresponding to the required dots, 
dashes, and spaces must be struck in proper 
order, and under no circumstances simul- 
taneously. After punching the dots and dashes 
to form a letter, the centre key is depressed 
once, before commencing the next letter, and 
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after the last letter of a word, the space key and sundiy that the room is strictly private, 
is struck twice. Here, again, a good beginning can be entered only by those having the per- 
is valuable.* The badly- taught ‘ puncher” does mission of the secretary of Post Office. Our 

all the spacing wi^ nis right hand, and gets fledgling telegraphist, remembering that he haa 

along very slowly in comparison with the man already appeared before a magistrate and taken 

whose style has been formed on right lines. the oath of secrecy, presses forward with only a 

The golden rule for punching is — space with sli^t hesitation, 
the hand not required for the last stroke of each It is the middle of the morning, and irame- 

letter. Thus, after A (• — ), space diately our ears are assailed 

with the left hand ; after N ^ by such a buzzing and olick- 

( — •) space with the right hand, ^ ing and humming that we at 

*nie word shown on the specimen t once think of a beehive, 

below [ 9 ] is a favourite one 0 Across the room run long, 

for practising right and left ^ narrow tables crowded with 

spacing, apparatus. Sitting at one 

Punching. In punching it, facing 

the hands come down alternately towards the centre of the 

throu^out, except where the two room, we see rows and rows 

dote come together in the letter p of men and women operators, 

“d.” Veiy good punchers I ^ W Many youtJis are hurriedly 

cany the alternating use of ^ V |r carrying messages from point 

both hands a stage further 'if to point. Older men are 

by using them on one key for ^ dotted about the room, 

the letters ‘ H and ” O. ’ S iO evidently each in charge of 

The average rate which a f J ff fj two or three tables, while 

good ” puncher ” can main- IX near the middle of one long 

tarn 18 abtiut 25 wor^ per ^ i/ we see a sort of pulpit- 

minute. The work is not desk, where sits th»» presiding 

unpleasant, ard good oper- bee, keeping watchful eyes 

stors usually coniider it a A Lklkl h‘ I 'S on his many workers. In a 

pleasant change from their g yekvo^tob. telegraph office there are no 

Other duties. At the reeeiv- drones, 

ing end the slip comes from the receiver marked The Test Box. Opposite the pulpit, on the 
in the dash-and-dot style, which our learner has other long wall, our eyes are entrapped by a 

already met in the inkwriter. Daily practice projecting wall of dark, polished wood, about 

in writing up slips will complete his round of 20 ft. long and 7 ft. high, with a yard-wide frieze 

school duties. The beginning of the slip to be of brass screws along the eye line and a square 

transcribed is held in the left hand. The next check pattern, still in brass screws, further down, 

foot or so is laid flat on the desk between the This is the test box, where all the lines from 

left hand and a “ slip conductor,” a sort of distant towns and from the sets of apparatus ir 

paperweight with a little upright pillar. The re- the instrument room are concentrated, each on 

mainder of the slip usually extends to the floor. its proper brass screw, numbered and labelled. 

By the aid of the thumb and first finger of the Further along the same wall, made conspicuous 
left hand, the slip is pulled along as quickly as by some hundreds of small pigeon-holes, each 
the eyes can read and the hand write. Twenty- containing quantities of the familiar buff enve- 

five to 30 words per minute is the usual average lopes, is the delivery department, where young 

rate. ladies are engaged in enveloping telegrams. 

Telegraph Instrument Room. What The man to whom a telegram rarely comes 
becomes of our learner when he has been judged learns with surprise that m every large town 

ready for practical work will depend on the there are firms whose daily average of telegrams 
varying needs of the 
service. If the demand 
for telegraphists is great, 
he may be put on prao- • 

tioal work at once ; if 
not, he will probably be 
employed half-time on 

telegraphy practice, and ^ ^ ^ 

half - time collecting— 9 psrfobated sup with pbefoeations foe the word “Canada’ 
that is, carrying message 

forms from point to point in the instrument runs into two, and sometimes three figures. For 

j-oom. s'lch the Post Office finds it economical to 

As being the best case to enable us to take a have supplies of envelopes with printed addresses, 

bird’**<y^ view, we shall suppose that we follow hence the many pigeon-holes. Here one also 

him into a lai^ provincial office. On the door notices the ingenious little machines employed 

of the instrument room is a notice warning all for numbering the messages. 

Continued 
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By Dr. A. T. 

IT is the undoubted duty of every man t,o see 
^ that, as far as jwssible, his body is in a sound 
condition ; and it is beginning to be recognised 
that not only is one’s own health imperilled by 
neglect, but that a stunted physique may result 
in a degenerate offspring. Athletics rightly 
pursued, or their equivalent in exercise, become, 
therefore, a duty, binding in various measures on 
every man, woman, and child. 

Exercise and Physique. In the manu- 
facturing districts, the general physique had 
80 degenerated a few years ago that ihe 
aveiage stature of a man was but 5 ft. in., 
and his weight 106 lb. ; whereas, in certain 
northern counties, in country districts, where 
bodily exercise was the rule, the men averaged 
o ft. 11 in., and weighed 199 lb. Possibly other 
circumstances favoured the difference. We may 
be ‘*ure, however, it did not end with the physique, 
but affected every part of the mortal being. 

The development of athletics is of recent 
date. Thirty or forty years ago our daily papers 
took no notice of any sport but horse-racmg, 
which can hardly be included under athletics ; 
there were no crowds at boat-races, or at 
Lord’s. Though it seems strange to say so, it 
is only an insignificant minority that actually 
engage in outdoor games ; ana, so far from 
their being overdone, the pressing need of the 
day is still more and more outdoor exercise for 
our urban population. The outcry that has 
arisen against athletics is rather against the 
betting, the gossiping, the reporting and general 
pufiing, than the actual playing. 

“Sportsmen” who Never Play. We 
distinctly say now, in 1906, as Dr. Warre 
so well pointed out at the Health Congress in 
1886, that the value of outdoor games is m)t yet 
imderstood. The interest in sports is great, 
but the players are few, and the value of the 
exercise is only exper'c need by those who play — 
not by those who look on. At Lord’s, out of 
2,376 members, only 118 played on the ground 
in one year. In all London there are not 
probably 4,000 football players out of the 
population of 800,000 men. Probably not more 
than 1 per cent, of men between twenty and 
forty play games at all, and still fewer young 
women, whose physique is of such national 
importance to our race. Their chests usually 
show conspicuous want of development of lung 
power, solely from lack of physical exercise. 
It is true that among a few of the rich th« 
love of outdoor exercise is carried to excess, 
but these are small exceptions. On the other 
hand, the real importance, and indeed necessity, 
of physical culture is beginning to be more 
realist. In children especially it is becoming 
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better understood, and they are getting straighter 
backs and broader ^^hests. Attitudes in school 
hours are studied, and games and drills are 
fostered ; so that while the general physique of 
the lower classes is still very poor, that of the 
educated classes is greatly improved. Indeed, 
we may say that a boy at Harrow or Eton will 
average 3 in. taller and a stone heavier than a 
boy of the same age in a London County 
Council school. 

The Average Man's Exercise. Gene- 
rally speaking, the muscular system is in 
good condition when the person is about his 
right weight, and takes plenty of exercise. 
Games, however valuable, have certain draw- 
backs m over-developing various parts of the 
body, which regular gymnastic exercise is always 
seeking to correct. 

A remarkable instance of this is seen in the 
connection of lateral curvature of the spine with 
the attitude of w riting A very large proportion 
of these deformities are caused dunng school 
life by the twisted position of the body that was 
in vogue, especially in girls’ schools, in the days 
of the old sloping, angular handwriting. Ambi- 
dexterity in school life, and afterwards in some 
professions and trades, tends to (‘orrect this. 
When the muscles of the limbs that meet the 
eye are kept in condition, we know that those 
muscles that we cannot see, and on which 
our life depends, such as the muscles of the 
heart and internal organs, are also strong. 
Exercise is therefore essential for health, and the 
amount required by the average human being 
has been roughly stated as a mile walk a day for 
every stone weight. In this is included all exer- 
cise takem, such as walking upstairs or about a 
room. 

Exercise, the Beautifier. What exer- 
cise can do in the way of beauty has been so 
graphically described by Sir F. Treves that it may 
be quoted with its wealth of adjectives entire : 

“ Physical exercise is capable of healthfully 
transforming the meaningless, monotonous, 
purposeless curves of the physically uneducated, 
who are mainly muscular paupers, whose limbs 
are little better than burlesques, composed as 
they are of shapeless masses of flabby, doughy 
tissue, covered with dull, loose, lustreless skin, 
into the beautiful, classical, muscular outline 
of ancient statuary, clothed with the polished, 
fresh, elastic skin of perfect health.” Who would 
not take exercise after this ? 

Exercise varies with age and sex. In child- 
hood, games and musical drill are best ; in 
boyhood and youth, games and field sports 
and general athletics, always avoiding what 
leads to extreme exhaustion or breathlessness, 
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such as prolonged runs at “ hare and hounck.” 
We must remember, too, that these sports bring 
only health to the actual players, not to the 
mere onlookers. Riding, walking, rowing, and 
cycling are pre-eminently of value to all classes. 

For girls and young women games and sports 
are good, omitting the most violent, such as 
football. They conduce to growth, beauty and 
health. 

Looking on is not Athletics. Men of 

mature years depend on walking, riding, cycling, 
for exercise, with sometimes cricket — ^but never 
football— and often, and increasingly, golf. Of 
the physical value of golf for maturity and old 
age tliere can l)e no doubt ; but we question 
very much whether its solitary nature and its 
absorbing character does not often develop 
unpleasmg traits and tend to selfishness. 

All through mature life, ten minutes’ brisk 
exercise after the daily morning bath is good. 
At least two hours a day should be spent where 
possible in really active exercise. 

A revolution has been going on and is still 
progressing in the medical profession with 
regard to exercise. More and more the 
natural therapeutics of exercise and rest, of 
fresh air and quiet, are coming to the front. 

Exercise on some such lines is indispensable to 
health, and is far too little thought of amongst 
town-dwellers and sedentary workers. These are 
constantly getting out of sorts for want of 
sufficient brisk exercise. It is well if, at least once 
in the day, one glow’s all over with active exertion, 
so that the whole stream of life is quickened in 
every organ — and this can never be achieved by 
a lazy stroll or by watching a cricket maU'h. 

A rigid examination into the physical con- 
dition of our youth and manhood has shown a 
great lack of physical culture, and has dissipated 
the hollow fallacy that looking on at sports is 
“ athletics.” Wak’hing games has largely 
taken the place of playing them, and it cer- 
tainly saves labour ; or, rather, it substitutes 
unhealthy brain excitement for healthy bodily 
exercise. The whole tendency is in this direc- 
tion, and both motor-cars and motor cycles con- 
tribute directly to it. Nevertheless, we must not 
be pessimists, for, in spite of all, the race is 
evolving. Ihe civilised portion, as judged by the 
size of old armour and the like, is said roughly 
to be increasing at the rate of 1 J inches in height 
in every 1,000 years. 

The Finest Exercise for Girls. Our 

girls have certainly benefited in stature and 
general physique by the increased attention to 
games and sports ; and, after all, the body of 
die woman is of more value than that of the 
man. For the mothers of the race a fine physique 
is imperative. This Nature clearly teaches, for 
we see that in times of famine more boys are 
bom than girls (in the siege of Paris sdmost all 
the births were ‘boys), while in times of plenty 
girls predominate. 

Lawn tennis is undoubtedly one of the greatest 
Xyoons ever bestowed upon our girl population. 
What this one game means to the future of the 
race in England — especially if we could aet it 
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more widely extended amongst our sedentaiv 
population of work-girls, dressmakers, govcin. 
esses, clerks, etc. — we can never know. The c 
is no sight that speaks more for the future welfai 
of England than a group of well-made English 
girls returning from a tennis lawn, their every 
movement instinct with healthy life and vigour 
It is in vain, therefore, to set against this 
sprained arm or ankle, or even a strained 
heart, as occasionally may occur among the 
weak. 

But the mental value of athletics is also 
very well marked and quite undeniable. This 
is perhaps largely due to their increasing social 
character in the present day. Social athletics 
and crowded pleasure grounds and matches are 
no doubt largely due to the increase of town 
populations and the facilities of travel. Hence, 
clubs and recreation grounds and parks with 
gymnasia, and cricket grounds are multiplied 
over 3 rwhere. 

The plapng of games together in friendly 
competition tends to develop self-control, 
firmness, manliness, unselfishness and general 
goodfellowship, while it lessens self-consciousness. 
It also develops nerve force, on the one hand, 
while it lessens nerve strain and nervousness, 
which is really nerve weakness, on the other. 
Athletics, rightly used, develop patience, per 
severance, self-restraint, friendship and humility, 
and increased will-power. 

Dangers of Athletics. Lest, however, 
we should be accused of holding a brief for 
one side only, let us now consider what evils 
are connected with athletic exercii^e. These, 
like the advantages, are twofold — physical, and 
mental or moral. The former may arise from 
athletics directly or indirectly. Amongst the 
direct physical dangers are sprains and strains 
of the musc les, accidents to life and limb, and 
internal injuries. 

Sprains and strains are very common, and 
arise from overtaxing one’s power, as in severe 
competition ; from pure accident ; from want 
of training, and from excessive violence. 

Accidents to hfe and limb are still more 
serious ; and we fear, in spite of what its 
apologists may say in its favour, a grave case 
can be made out against football, and particu- 
larly when played by men’s clubs according to 
Rugby rules. 

From September, 1889, to the third week in 
January, 1890, the direct deaths from football 
were 13 ; the fractures of legs, 15 ; of arms, 4 ; of 
collar-bones, 11 ; and severe internal injuries, 7. 

A great deal might be made out of the fact 
that the mortality from football in three months 
is nearly double that of hydrophobia in England 
for three years, there being eight deaths from 
this cause in that period. 

Internal strain and injuries may arise from 
•ver-exertion, or very commonly fiom want of 
training. Clergymen who go Alpine climbing in 
the autumn, and young schoolgirls who take 
exhausting cycling journeys, often sufier in this 
way. The heart, lungs, or any other organ may 
thus be severely injur^ 
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Indirect dangers wise mainly from improper 
clothing or carelessness. The safe cbthing for 
all athletics is flannel ; and yet we see fashion 
requiring some of our public schools to play 
in linen shirts under a blazing sun. 

Athletic Training. Turning to the moral 
evils of atMetics, we are bound to say they are all 
excrescences, and that from athletics themselves, 
rightly conducted, no moral evil can ensue. The 
betting and gambling that disgrace so many of 
our grounds are beginning to be tabooed at some 
of those more recently opened, notably Padding- 
ton Recreation Ground. But there is great 
mental risk whenever men give themselves up 
to physical exercise and nothing else. This is 
t'specially seen in the case of prizefighters. 
Exclusive training of any one part of a man 
is necessarily very injurious' to the rest. It is 
here, perhaps, in the devotion of every spare 
hour to physical exercise that to many young 
men the chief danger lies. There are other claims, 
uHSOciations that cannot be safely ignored. The 
most healthful life gives each duty its place, 
.lod looks for a wise proportion in all things. 

The present system of training is the most 
hv^althy and natural imaginable. All the 
former fads of raw beefsteak diet and other 
absurdities have disappeared, and given place 
to a most sensible and regular mode of life. 
Without going into regular training, it would 
be well if those whoso lives are sedentary, 
and who contemplate active exercise at any 
time or during the holidays, would make it a 
rule always to give themselves a little pre- 
liminary canter. For instance, in football, 
if a man is going to play who has not played 
for some time, it is astonishing what a help it 
is to take a little preliminary practice at kicking, 
stooping, running, and tumbling about. 

No hard exercise should be taken without 
preparation. Before going to Switzerland the 
body should be hardened by prolonged walks 
and climbs at home. For want of this the 
holiday often does more harm than good. 

Cycling, 'Walking, and Rowing. 
Cycling is such an admirable and delightful 
exercise that for hygienic reasons it is a great 
pity it has been invaded by the nerve-destroying 
motor cycle and the motor-ear. Walking, after 
all, perhaps next to riding, remains the best all- 
round exercise, while rowing has a very special 
value in the form of sculling, and is especially 
good for young women, in that it gives the arms 
and chest and back free play while the rest of 
the body is still, and also because it is one of 
the few exercises that are not one-sided. Nearly 
all games use one side of the body at the expense 
of Qie other, hence the value of a few minutes’ 
regular gymnastics each day to restore the 
balance. 

It is important at all ages in exercise to stop 
short of exhaustion, such as, in the case of 
children, long walks, such games as hare and 
hounds, and paper-chases ; in the case of young 
men, severe competitions. In old age excess is 
common — in running to catch trains, in over- 
cycling, etc., but moderation in all things is the 
golden rule, both in exercise and rest. 


In health exercise and rest go hand in hand ; 
but of the two, perhaps, we can do better 
without exercise^ than without rest, though no 
one can really be well and strong who does not 
enjoy both. 

Reat During Illness. In almost every 
accident and disease rest is not only an instinct 
but a necessity, and it is well to remembei 
this. In the case of accidents, for instance, 
there is the general rest required after shock, 
severe internal injuries, and great operations. 
For all these rest in bed is the great resource. 
It is not too much to say that in such cases 
rest alone is worth more than all the other 
remedies put together. General rest, which is 
always best secured in bod, is required in fevers, 
which so rapidly exhaust the strength, in 
wasting diseases, especially consumption, in 
fits and faints, in painful diseases, such as 
rheumatism, heart disease, and all nervous 
breakdowns. These all are greatly relieved by 
simple rest and by the more elaborate “ rest- 
cures.” 

It is most important to understand the value 
of local rest. If a man has broken his leg, it 
is not enough to put him to bed ; local rest must 
be secured for the two fragments of bone, other- 
wise they will never knit. Nearly all cases of 
ununited fracture arise from want of complete 
local rest. Putting it in position is indeed all 
the doctor dot's when he sets the bone, for the 
splints and bandages are used simply so to 
fix the jiarts as to give them absolute rest. 
The same is the ease with dislocation. The 
joint must be kept at perfect rest for some 
time, till the tom ligaments have united. 

Bad sprains of any part of the body are cured 
by local rest. When an ankle is twisted, not 
only is the foot kept off the ground, but it, is 
fixed on a splint. In all bad wounds and bruises, 
the part heals better and more rapidly if it is 
kept at rest ; otlu'rwise it will heal more slowly, 
or not at all. With inflamed joints, rest is the 
one thing needful. Knee or hip joint eases, 
which get little relief by the patient being put 
to bed, at once l)egin to improve when the 
inflamed part is absolutely at rest in proper 
splints. 

•• Local ** Rest. Ix)eal rest is also re- 
quired in all diseases of the internal organs. 
If there is an ulcer in the stomach, the only 
way to heal it is to give the stomach com- 
plete rest from food. If there are ulcers in 
the bowels, as in typhoid fever, the only way 
to heal them is to keep the patient at perfect 
rest in bed, and the bowels at rest by giving 
nothing but liquid food. In brain fever, the 
head is kept at rest by the avoidance of light, 
by the maintenance of quiet, by the use of a 
soft pillow, and, if necessary, by sedative 
medicines. When the pleura or covering of the 
lungs is inflamed, as in pleurisy, the pain is 
great each time the ribs move up and down in 
breathing. This is relieved by tightly strapping 
the ril)8, so that they cannot move ; thus the 
pleura gets rest. When the heart is diseased, 
although it cannot be put to rest entirely, its 
work is made as light as possible by the patient 
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IVing in bed ■witii the head low, and by 
stillnees. So we might go on through the 
varietieB of diseases, and show that in each and 
all of them the first great desideratum is rest. 

If rest in illness is so important, rest after illness 
is hardly less so. Ihe way in which men, after a 
severe and weakening illness suppose themselves 
strong because they are no longer ill, and at 
once resume work, shows how little this point 
is understood. Hardly less important than the 
hospitals are the convalescent homes, of which 
there are now some hundreds in England. 

Rest in Health and Convalescence. 
In this case, however, the rest is only com- 
parative, for the patient is no longer in bed, but 
strolls about in the sun and open air. It is 
difiicult to lay down a general law as to the 
period of convalescence ; perhaps the best that 
can be said on the subject is that only after 
very slight illnesses should work or study 
be immediately resumed, and that after all 
exhausting illnesses and fevers, a period of 
further rest should be allowed of not less than 
one fortnight, preferably more. In still more 
serious cases, when life has been in danger, the 
period of convalescence should equal the period 
of illness. 

It is usual in all schools, and in most trades, 
to allow more time for meals than is absolutely 
required, this extra time being given for rest. 
It may be hal'* an hour or an hour ; whatever 
it is, it is of th(‘ greatest service, and those 
trades and professions are certainly injurious 
to health where it is not allowed. 

Children at school may lie allowed to play at 
this time, since it is their minds, not their bodies, 
that have been worked at school ; but in the 
case of girls growing rapidly, or of weak health, 
it is far l>etter to insist on their lying down during 
the spare time. For young children, the mid- 
day hour in bed is of immense value, and should 
be kept up till sciiooldays begin. The mother’s 
time for rest is generally in the afternoon, after 
the children have returned to -school and the 
house is tidied up An liour or two then on the 
couch, or better still, if possible,' in the quiet 
bed-room, with the window open, gives her the 
rest she needs after the hard work of the morning, 
to brace her up for the remaining duties of the 
day. 

How Long should we Sleep ? There 
are some trades requiring night shifts, and occu- 
pations, like nursing, which reverse the natural 
order, and require the work at night and the 
rest by day. Such callings are never healthy, 
and sooner or later leave their mark. We must 
have night nurses and night watchmen, but it 
is well to know that the less night work there is, 
the better for health. For a short time of 
service, not exceeding three weeks, night work 
does not matter. When rest is taken in the day 
by a man working out of doors, as in ploughing, 
harvesting, and the like, we constantly &d it 
spent in sleep, for there can be no doubt that 
nothing produces sleep better than hard work in 
the open air. Sleep, indeed, is always more 
enjoyed by body workers than by brain workers. 
The best rest after hard brain work is, not sleep, 
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but exetroise far tlie body, wbieb acts as a 
rest or restorative to the 
With regard to rest at n^t in sleep, theie 
are several points to be noted. The importance 
of sufficient sleep to any man oannot be overrated ; 
when he gets it, he should rise in the morning 
with the strength fmd vigour erf a veritable 
resurrection, the cares as well as the fatigues of 
the past day being gone, and the body well 
brac^ for the toils of another day. But what is 
sufficient sleep ? The old adage, six hours for 
a man, seven for a woman, and eight for a fool, 
is very wrong. Eight for a man, nine for a 
woman, and ten for a child, would have been 
nearer the mark. Sleep must be not only suffi- 
cient, but refreshing. To ensure this, the 
principal ablutions with working women should 
take place at night. A right understanding of 
the extreme importance of health, of periods of 
relaxation, alone enables a hard-worki^ woman 
to preserve her looks and spirits to a green 
old age. The right time for the father’s ablu- 
tions is immediately on his return home at 
night, or, at any rate, after his evening meal. 

When and How to Sleep. In close 
connection with the daily rest is the nap after 
meals. Many who are advancing in yehrs resist 
this tendency by every means in their power, 
lielieving that it is a bad habit. On the con- 
trary, it is a good one, though not needed by 
the young. The perfect rest it brings greatly 
favours digestion, and for the old it is really 
needed. 

With regard to the rest at night, the bed-room 
should, if possible, be large and airy, and above 
the ground floor. Separate beds are healthier 
than double ones. They should be firm and 
comfortable, but not soft, preferably made with 
spring mattresses. The bed-clothes should be 
light and porous, but sufficiently thick to keep the 
person quite warm all night. The pillow should 
be soft, and high or low, as wished. But all * 
these points are unimportant for giving perfet’t 
refreshing sleep compared with the question 
of sufficient fresh air. Unfortunately there 
still exists, generally without the slightest reason 
to support it, a singular prejudice against night 
air. Except in a few cases, where houses are 
built in low-lying grounds or marshes, or near 
rivers or canals, and in some exceptional cases 
of storm, wind, and rain, the window may be 
safely left open at night, for the air is then 
healthier and purer than in the day ; and this is 
of the first importance to health while sleeping. 

The Bed-room Windows. Out of one 
hundred parts of oxygen — the breath df life — 
which we absorb in the twenty-four hours to 
support existence, only one-third is taken in 
during the day, and two-thirds at night No 
bed -room ought, therefore, to be used by people 
in health that has not a direct communication 
with the open air. The top of the window 
should always be open, in summer as widely as 
possible, and in winter in such a way that a durect 
draught does not blow down upon the sleeper. 
The air should be directed upwards towards the 
ceiling by one of the many simple contrivances 
elsewhere described. [See pages 4019-4020.] 
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For children to sleep in pure air is, if possibly 
more essential still, and they should be thoroughly 
accustomed to sleeping with the window well 
open. It is only the habit of sleeping in close, 
stuffy rooms that renders a person liable to catch 
cold from an open window. Children should 
sleep on firm (not hard) beds, singly, if possible, 
with light but sufficient clothing. They should 
not sleep on the back or on the face. It a child 
persistently sleeps on its back, a towel should be 
tied in a knot in the middle and then fastened 
round the child’s waist with the knot exactly on 
the spine ; the child will never sleep on its back 
then. Children, especially when at school, 
require at night more fresh air than others do. 

The Week-end. The custom of having 
no school for children on Saturday, and no^ 
work after two or three o’clock for men, is 
gaining ground everywhere, to the great advan- 
tage of the health of the rising generation. To 
children the boon is inestimable, and parents 
should make the most of it. The first point 
to remember is that as \ he child has been cooped 
up indoors all the week, therefore “ out of doors ” 
must be the rule on Saturday. This is the way 
to get the most good out of the day’s rest. 
Children in town should spend the day in the 
nearest park, the country or the fields. Let no 
parent consider Saturday as a lost day to the 
r-hild. If the other days are of importance for 
the child’s mental development, Saturday is the 
day for the development and health of the body. 

And what about men ? How are they to get 
the most good out ot their hard-earned half-holi' 
day ? Not certainly by spending it in some 
close room, but by taking that amount of relaxa- 
tion that gives the most rest. Some are so hard- 
worked that a couple of hours’ doze is essential 
liefore they are fresh and vigorous enough for a 
turn out of doors at all. Those engaged in 
much bodily labour should not undertake long 
and wearisome excursions on this day, but should 
remember that the watchword for the day is rest, 
and that this is the first consideration. Care 
should be taken, therefore, not to make a toil ot a 
pleasure. Somehow it is usually the mother 
who gets least rest. To her is generally com- 
mitted the task of looking after the children 
the livelong day, which, to her, is no change of 
occupation, and, therefore, anything but rest. 

When the Body Rests. In all things 
connected with man, work and rest alternate 
at varying intervals. The very cells of the 
body are believed to have their time of 
rest. The heart itself rests four-fifths of every 
second ; the lungs are at rest between each of 
the seventeen breaths that are drawn every 
minute, the stomach during the intervals between 
tne digestion of the various meals, the brain 
between the intervals of study, the body at 


various periods during the day, partially, and 
completely at night when in bed. Some have 
cycles of work and rest, some complete in a single 
second, others in a minute, others in an hour or in 
a day, and others again in a week or even longer 
periods. The institution of the Sabbath, or one 
day of rest in seven is as old as man himself, 
and though it had to do primarily with the Ten 
Commandments, it is not necessarily kept from 
religious reasons alone, but also on hygienic 
grounds. 

What Holidays Should Be. Most 
people, especially in towns, look forward to an 
annual break in the daily routine, by going away 
for a week or a fortnight, or a longer time, either 
to some seaside resort or to some country place. 
This practice is a good one, though it is often 
attended with drawbacks. Perhaps the railway 
journey is so long as to weary everyone both 
in going and coming ; or the place is so crowded 
that there is no proper sleeping accommodation, 
and thus health is injured. The principle, how- 
ever, when there are means to carry it out 
properly, is a good one, and infinitely better than 
that terrible rush some hundred or more miles on 
a bank holiday that is supposed to be “ rest.’* 
When pleasure becomes hard work, and means 
rising at 5 a.m., and returning at 11 p.m., there 
cannot be much rest in it, or much health 
derived from it. 

The rest obtained by living away from one’s 
work in the country is somewhat dearly bought 
by the daily run to business ; and when this means 
an hour by rail, the price is too high, for eventu- 
ally the health is undermined. 

With women who are overworked it may be 
remembered that twenty -four hours’ rest in bed 
will often ward off an illness, and save a doctor’s 
bill ; and if the overwork is chronic, the n^erc 
fact of not coming down till after breakfast may 
make all the difference. 

Tn old age, too, after ()5, ther(‘ should be a 
great increase of rest, and life should be tak('n 
more leisurely. Of course, the wisest maxims 
cannot always be obeyed, and necessity knows 
no law. Nevertheless, it is well to impress thi‘ 
therapeutic value of rest on all sections of the 
community, for not the least hard worked are th(‘ 
determinea votaries of pleasure. 

One point may be made in conclusion, that 
only those who work can rest ; those who never 
exert themselves do not know the true meaning 
of the word. 


Note. On page 3719 the table in the paragraph 
headed “ Water Vapour ” should road; 
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. ART IN MODERN TIMES 

Gainsborough, Reynolds and Romney. L4Uidseer and Wilkie. The Pre-Raphaelites. 
French Impressionism. Rodin, Meunter, and Stevens. The Art of To-day 


By P. G. KONODY 


Foreign Masters in England. At a 

time when Italy, PlanderR, Spain, Germany, 
Slid Prance were witnessing the rise of great 
national schools of painting, England had to be 
eontent with deriving her art from foreign sources. 
Not that there was not an abundant supply of 
native talent from the days of Henry VIII. to the 
beginning of the eighteenth century, when 
Hogarth (a.d. 1697-1764) appeared on the 
threshold of a brilliant period of artistic activity, 
but the leaders around whom* these painters 
gathered, and from whom they took their style, 
were of foreign blood and birth. Holbein was 
the first of the foreign masters who worked at 
the English Court and determined the manner 
of a whole genera- 
tion of portraitists, 
especially of minia- 
ture painters, and 
Van Dyck, the 
Court painter of 
Charles I,, may, 
with good reason, 
be called the father 
of English eigh- 
teenth century 
portraiture. His 
influence was enor- 
mous and lasting, 
though two other 
foreign masters 
stand between him 
and Gainsborough 
— the Germans, Sir 
Peter Lely and Sir 
Godfrey Kneller. 

Antonio Moro, 

Daniel Mytens, 

M. Mierevelt, 

Rigaud, La'^gilliere, 
and Canaletto all 
worked in England, 
and had their 
followers — capable 
artists like Dobson, 

Walker, and Samuel 
Scott, who have 
left us many works 
of merit without 
adding a single new page to the history of art. 

William Hogarth. The first original 
word uttered by a British artist was spoken by 
Hogarth. Before him, painting in England 
had been altogether aristocratic and stately. 
His art was robust and healthy and demo- 
cratic, almost plebeian. There is much of the 
English puritanical spirit in his scathing satires 
on the vices and weaknesses and immoralities of 
his contemporaries. He is, above all, a moralist 


— a preacher who uses his art €t8 a weapon in' 
the cause of virtue and righteousness. But 
these inartistic subjects are painted with con 
summate artistry. If the anecdotal painter 
generally fails, it is because a commentary is so 
often needed to make his work intelligible. 
Hogarth never supplies illustrations to other 
people’s ideas, but tells his own stories with 
unmistakable directness in the language of paint. 
He conceives them as pictures, and, if one has 
eyes to see, one needs no explanation either of 
the story or of the moral to be drawn from such 
picture cycles as the “ Mariage k la Mode,” the 
“ Rake’s Progress,” “ The Idle Apprentice,” and 
“The Industrious Apprentice.” At the same 
time, Hogarth never 
allows his literary 
intention to inter- 
fere with the purely 
artistic considera- 
tion, never sacrifices 
beauty of arrange-* 
ment and harmo- 
nious colour to the 
clearer telling of 
the story. The 
mastery of his 
brush work can bes^ 
be judged from a 
picture like the 
“ Shrimp Girl ” at 
the National Gal 
lery, where the 
sheer beauty of 
paint can l>e en- 
joyed without the 
distraction of a 
moral sermon [90]. 
Gainsborough. 
The second half of 
the eighteenth cen- 
tury witnessed the 
rise of the great 
school of British 
portraiture, of 
which Gains- 
borough, Reynolds, 
and Raeburn are 
the brilliant lumi- 
naries, Of the two first-named, Gainsborough 
may be said to be the representative of the 
aristocratic and Reynolds of the democratic 
tradition. Gainsborough is, above all, the painter 
of the graceful elegance of contemporary 
society — his ladies are beautiful, distinguishedf, 
refined ; his men slightly dandified^ and his 
very t^hniquo, his deliciously cool colour 
schemes, and the negligent but sure elegance of 
his touch, reflect the character of his sitters. 



SO. THE SHRIMP GIRL, BY HOGARTH Mans,/i 
(National Gallerjs London) 
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Van Dyck is his real master, and his affinity with 
him appears clearly in such a picture as the 
famous '*Blue Boy,** which was painted in 
defianoe of Sir Joshua's dic- 
tum that blue cannot be made 
the dominating colour of a 
successful scheme [91]. 

Sir Joshua Reynolds. 

Reynolds, unlike Gains- 
borough, who had never left 
England or made a profound 
study of the old masters, had 
steeped himself in the art of 
the past and based his 
designs, his style, and his 
colour oil the Italian masters. 

He was for ever proclaiming 
his allegiance to the “ grand 
style,” and his more am- 
bitious compositions hold 
more than an echo of Tinto- 
retto and Titian, of Correggio 
and Michelangelo, and even 
of Guercino and the later 
Bolognese. But not on these 
does his fame depend. With 
a curious perversity, which 
Ave find to an even greater 
degree in Romney, ho set 
little store by his portrai- 
ture, which he considered 
mere drudgery, and pinned his faith to painting 
“histories” in the grand manner of the later 


Italian masters With all their noble qualities of 
colour and design, they would to-day not suffice to 
secure Reynolds the emi- 
nent position he holds in 
the art of his country. 

This position is due to 
his powers as a portrait 
painter. And, as such, 
he is the antithesis of 
Gainsborough. Ho is as 
intellectual and sc'arch- 
ing as Gainsborough is 
elegant and superficial, 
and his sitters were not so 
much the society beauties 
of the day, but the aris- 
tocracy of intellect — men 
of lett(TS, politicians, 
actors, philosophers, and 
scientists In the place of 
the cool musical colour 
of Gainsborough applied 
in loose, thin touches, he 
prefers a hot. sumptuous 
scheme carried out with 
firmness and energy in a 
thick impasto. As like- 
nesses, his portraits are 
far more convincing than 
those of his rival. He 
particularly excelled in 
portraying the innocent 
charm of childhood, and may, in fact, be said to be 
the first artist who painted children <i4 children, 
and not as miniature men and women [92], 


George Romney. George Romney, whom 
fashion has placed beside these two masters, 
soaroely deserves to be held up as their compeer. 

His sense of beauty and 
technical skill were certainly 
second to none, but he fell 
into a mannered convention 
which, while searching for 
prettiness — and finding it— 
lost in character and sincerity. 
The vast number of portraits 
left by his brush might all 
have been painted from 
members of the same family. 
Raeburn (a.d. 1756-1823), 
the greatest master produced 
by Scotland, has, unlike 
Romney, met with com* 
parative neglect, though he 
is now rapidly gaining the 
recognition which is his due 
as the father of the modern 
Scottish school, a daring 
colourist of rare strength and 
virility. As regards summary 
expressiveness and breadth 
of brushwork he is un 
approached by any of his 
contemporaries. With broad 

91. THE BLUE BOY, BY GAINSBoi^UQH brush he sug- 

gests all the subtleties of 

modelling and drawing. Hoppner, Opie and Cotes 
must be mentioned among the masters of these 




92. THE INFANT SAMUEL, BY REYNOLDS 
(National Gallery, London) 


halcyon days of English portraiture, while Sir 
Thomas Lawrence connects these days with the 
period of academic* sloth 
from whi(‘h English 
painting was only lil)er- 
ated in the Forties by the 
Pre-Raphaelite revolt, 
Landseer and 
Wilkie. Only land- 
scape painting [see page 
4299] made giant strides 
in this period, and Con-* 
stable and Turner 
showed the way to the 
BaiHbizon men and the 
impressionists, while 
soapy and insipid por- 
traiture, uninspired re- 
lating of anecdotes in 
paint, theatrical scenes 
of history, and such like 
held the public, and 
academic painting erred 
further and further in 
the path of bituminous 
gloom. Even where 
there was real talent, as 
in the case of the 
animal painter, Land- 
seer, concessions hod to 
be mode to the public 
demand for humorous 
anecdote. David Wilkie must be mentioned 
among the great artists of that period, a real 
master in the handling of pigment which with 
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him retains an extraordinary riohness of quality 
in spite of the minute precision of his detail. 
He was influenced chiefly by the Dutch small 
masters, and his skill in composing and 
arranging groups of figures and in massing the 
light and shade deserves the greatest ad- 
miration. William Blake, a mystic whose 


Art Under ** The Enipire.” In France, 
which we have left at the threshold of the 
Revolution, more perhaps than in any other 
country, the political and social conditions are 
reflected by the currents of artistic evolution. 
The lascivious art of an immoral Court was 
followed by the chilling classicism of a Louis 
David, a true child of the 
Revolution, who, in his re- 
constructions of Ancient 
history, glorified the self- 
sacrificing patriotism ot 
the Roman Republic, 
and then, as Court 
painter to Napoleon, 
became the originator of 
the Neo-Greek ‘‘Empire” 
style. With Napoleon’s 
victorious campaigns 
arose an important 
school of battle painters, 
of which Gros and G6rard 
were the loading spirits. 
But neither art nor 
literature flourished 
during the first Empire, 
and only after the 
Restoration the intel- 
lectual life of France 
began to flow again in 
many contending cur- 
rents. The first great 
battle was waged between 
Ingres, the head of the 
classicist school, who based his art on the 
imitation of the antique and perfect draughts- 
manship, and Delacroix, the leader of the 
Romanticists, a truly inspired artist, with a 
glowing sense of colour and a powerful imagina- 
tion. Then came the revolt of the Barbizon 
men. then the struggle of the freelight painters, 
and finally of the impressionists, whose aims 
have already been set forth in the article on 
“ Landscape Art.” 

Impressionism in France.. But 

impressionism has another aspect besides that 
of which Claude Monet is the (;hief exponent. 
As conceived by such masters as Manet and 
Degas, it substitutes beauty of character for 
beauty of form, and turns the attention of the 
artists to scenes of contemporary life. Classicism 
and academic art in general sail in lofty regions 
far removed from the bustle and strife of every- 
day life. The impressionists maintain, and 
frequently prove by their works, that the 
meanest subject is worthy of pictorial treatment 
it it is seen by the eye of an artist. As the 
word conveys, impressionism is concerned with 
the impression of a scene, which can only be 
recorded in its completeness by summary 
suppression of all the details which cannot be 
grasped at a rapid glance. The academic painter 
loses the freshness of an impression by using his 
kmwledge of the form of thmgs to penetrate the 
mysteries of distance or deep shadow. The 
impressionist loses outline and form where they 
are lost in. Nature, and thus attains greater 
verisimilitude. The academic painter, in 



Mansell 

98. LORENZO AND ISABELLA, BY SIR J. E. MILLAIS, BART., P.R.A. 
(Walker Art Gallery, Liverpool) 


weird, fantastic imagination defied all laws of 
Nature, belongs to this time, but was an isolated 
appearance in the history of art. 

The Pre-Raphaelite Brotherhood. 
On the whole, English painting was at its lowest 
ebb in 1848, when a few ardent young spirits, 
led by D. G. Rossetti, J. E. Millais, and W. 
Holman Hunt, resolved to renounce the artificial 
academic formula of thp day, and to follow the 
example of the Italian primitives, to approach 
Nature in a humble, naive spirit, and to do 
away with theatrical posing and bituminous 
shadows and ready-made recipes for making 
pictures. The famous picture, “ Lux Mundi,” 
is reproduced in colour opposite page (>25, 
and another excellent example is the “ Lorenzo 
and Isabella,” by Millais [93]. Every detail, 
every grass blade or flower, stone or furrow, 
was made the object of careful study from 
Nature — so much so, that at times the 
larger truth was lost sight of in the passion 
for microscopic truths. As regards subject, 
romance and poetry were put in the place of 
the trivialities which then had the applause of 
the public. 

The works of the Brotherhood aroused 
a storm of indignant abuse, but a powerful 
defender of their aims appeared in Ruskin, who 
threw himself heart and soul into the move- 
ment. The Brotherhood, as such, was short- 
lived, but the influence has been lasting, and 
is still to be felt in the art of to-day in spite 
of the growing supremacy of French ideas and 
technique. 
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treatiiig the figure, loses the sense of movement 
through overcarefu^esB in drawing. The model 
is turned to stone, as it were, in the act of 
running, or wrestling, or dancing ; while Ihe 
impressionist, sometimes through accentuation, 
which is not, strictly speaking, correct, or through 
the effacing of contours, often succeeds in con- 
veying an extraordinary suggestion of move- 
ment. Thus, in the ballet scenes by Degas, the 
dancers seem to be actually circling and pirouet- 
ting round the stage. As an example of Manet's 
work 9 . reproduction is given of “A Bull 
Fi^t ” [94]. 

Four Great Masters. Like the Pre- 
Raphaelites in England, the French impres- 
sionists had to fight a hard struggle before then- 
views found acceptance, and there is no doubt 
that the extreme manifestations of impres- 
sionism frequently degenerate into absurdity and 
ugly caricature, and fully deserve the ridicule 
that has* been heaped upon them. Yet it 
has remained one of the leading factors in 
modem art, not only in France but throughout 
Europe and America. Its influence has not 
always been beneficial, for the incompetent 
frequently sails under its flag to conceal lack of 


the ftist to return to the national tradition 
which the followers of Canova had forsaken 
for cold classicism. Barye (a.d. 1796-1875) 
stands unapproaohed as a sculptor of animals. 
Carpeaux, Fr^miet, Dalou, and Falgui^re 
must all be reckoned among the masters of 
their art. They all went to Nature for their 
* inspiration, instead of continuing the imitation 
of the antique that was so prevalent in the early 
part of the century. Rodin, finally, achieved 
the introduction of something like impressionism 
in sculpture. Of the masters of the past, 
Donatello is the one with whom he allows- tlie 
greatest affinity, though Rodin’s stylo is entirely 
original and personal. Through the accentuation 
and amplification of certain planes, he not only^ 
succeeds in suggesting movement, but a curious 
softening of die silhouettes, which makes his 
statues and groups appear as if they were bathed 
in atmosphere. Rodin, like all great reformers, 
met with bitter opposition, but to-day his pre- 
eminence in the field of sculpture is admitted by 
those who are most competent to judge. An 
example of his work is to be found on page 1675. 
In Belgium, Constantin Meunier has created, in 
stone and bronze, a mighty epos of Labour. His 


training and deficient 
dr a ughtsman- 
ship ; but on the 
other hand, it has 
enriched the world 
with the master- 
pieces of a Monet, a 
Manet, a Degas, and 
a Whistler. 

Nineteenth 
Century Art. In 
the rich artistic life 
of nineteenth cen- 
tury France, impres- 
sionism was only 
one, though the most 
important, phase. 
The academic school 
continued to flourish 
in the art of 
accomplished pain- 
ters like Meissonier, 
Bouguercau, Dela- 
roche, Fleury, and 
many others ; the 
Orientalists, who 
found their subject- 
matter in the sump- 
tuous picturesque- 



ness of the East, are 

chiefly represented by Decamps, Fromentin, and 
Marilhat ; decorative wall painting attracted 
masters like Puvis de Chavannes and, more 
recently, Besnard ; Bastien- Lepage stands at the 
head of the freelight painters ; while the most 
recent group, the intimists, include Le Sidaner, 
one of the most fascinating artists of the present 
time. 

Rodin and Stevens. In sculpture, 
Prance took an uncontested lead during the 
nineteenth century. Rude (a.d. 1784-1855) was 


aims and achievements in sculpture are almost 
identical with Millet’s in paint. The one great 
sculptor produced by England in the middle of 
last century was Alfred Stevens, whoso Welling- 
ton Memorial in St. Paul’s Cathedral is worthy 
to be placed beside the masterpieces of the 
sculptors of the Italian Renaissance. The last 
decades of the century witnessed an important 
advance in plastic art, and English sculptors of 
to-day have little to fear from comparison with 
their Continental contemporaries. 


History of Art concluded ; followed by Glass 
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SPAIN 

We have already told how the Moorish 
dominion in Spain was brought to an end in 
the reign of Ferdinand II., and how Spain thus 
became, for the first time, one united sovereignty, 
and one nationality. Ferdinand married Isabella 
of Castile, which marriage helped effectually to 
bring about the union of the two kingdoms. 
Isabella was the sister of Henry IV. of Castile, 
and on his death most of the Castilian nobles 
refused to acknowledge the legitimacy of his 
daughter, Juana, and proclaimed Ferdinand 
and Isa^lla rulers of Castile. A civil war 
followed, in which Ferdinand was successful. 

The reign of Ferdinand was remarkable for 
many events. He did much to restore peace and 
order to the country, and to diminish the power of 
the nobles. In his reign occurred the discovery 
of America by Christopher Columbus. There 
were many wars and civil struggles during his 
time, and throughout his reign he was ably 
assisted by the celebrated Cardinal Ximenes, 
who was, indeed, practically the ruler of Spain 
until the accession of Charles V. 

The Inquisition. Ferdinand’s reign 
has, however, left a dark memory behind it 
because of his establishment of the Inquisition 
and the cruel persecution of the Jews and of 
those Moorish inhabitants who had remained 
in Spain, led to remain there by conditions 
promised but never made good to them. Isa- 
bella died in 1504, and in the following year 
Ferdinand married a niece of Louis XII. of 
France. He ruled as regent for his daughter, 
Juana — who was insane — on the death of her 
husband, son of the King of the Netherlands, who 
died in 150(). Ferdinand died in 1516. 

The destiny of Spain was for a time greatly 
influenced by the fact that Charles V., Emperor 
of Germany, succeeded to the Spanish crown. 
Charles inherited from his father, Philip, the 
Low Countries, Burgundy, and the Imperial 
throne ; while from his mother, the daughter of 
Ferdinand and Isabella, he became heir to the 
rulership of Spain, Naples, and Spanish America. 
Charles, who was born in 1500, went to Spain 
in 1517 and was for a time joint ruler of the 
country with his mother, who afterwards be- 
came insane. In 1520 he was crowned Emperor 
of Germany, and soon after presided at the Diet 
of Worms, where Martin Luther’s opinions were 
condemned, and in 1526 he married Isabella, 
sister of John III. of Portugal. 

A great part of the European Continent soon 
became a scene for the display of the rivalry 
b^^tween Charles and Francis I. of France. 
Charles claimed the Duchy of Burgundy and that 
of Milan, while the King of France maintained 
that he was the sovereign of those regions. 

4396 


McCarthy 

The war at first was a success for Charles. Ho 
had the support of Henry VIII. of England, and 
also of the Constable Bourbon, one of the most 
powerful subjects of the French King. Charles 
drove the IVench out of Italy, and invaded 
Provence. Soon after, the King of France was 
defeated and taken prisoner, as already related 
in our French history. No sooner was this 
accomplished than the alliance which was called 
the Holy League was formed against Charles by 
Pope Clement, VII, who had as his allies Henry 
VIII., King Francis, and the Venetians. 

Imprisonment of the Pope. One event 
in the strug'^le which followed was that in 1527 
an army ot Italians, Spaniards, and Germans, 
led by Bourbon, entered and occupied Rome, 
and imprisoned the Pope. Bourbon himself 
was killed in the attack upon the city. Charles 
disclaimed all part in the movement against 
Rome, and repudiated any sympathy with the 
imprisonment of the Pope. A peace was finally 
made — the Peace of Cambrai — in 1529, by the 
operation of which Charles became practically 
the ruler of Italy. It was then that, for the 
first time, he went to see and study Italy for 
himself, and he was crowned at Bologna as 
Emperor of the Romans and King of Lombardy. 

The struggles with France still went on, until 
in 1538 the new Pope, Paul III., the Sovereign 
of France, and Charles agreed to a truce for ten 
years. Among his other military and naval opera 
tions, Charles found time to head in person a mari- 
time expedition against the celebrated corsaii 
Bar bar ossa — the pirates of the North African 
ports wbre then an incessant trouble to southern 
Europe. He completely subdued Barbarossa 
and captured Tunis. A later expedition of his 
against other Algerian pirates was loss fortunate 
in its results, for the fleet which he conducted 
was brought to complete wreck by heavy storms. 

The Triumph of the P otestants. 
The league which Charles had made with the 
Papal Government aroused the Protestants 
into armed resistance of his power, but the 
two campaigns which followed proved unfavour- 
able to the arms of the Protestants, and a truce 
was agreed upon. But Charles’s stern main- 
tenance of the terms he had imposed, and the 
severity with which he treated his prisoners, 
among whom were the Elector of Saxony and the 
Landgrave of Hesse, turned many of his own 
supporters against him, all the more because it 
was now clear that his ambition was to become 
absolute ruler of Germany. Maurice of Saxony, 
a Protestant, who had up to this time support^ 
Charles, now turned against him, and proved 
himself so well supported that Charles was com- 
pelled to recognise the Protestant claims, and 
treaties were made which ended in the Peace 


of Augsburg in 1665. Chiles was- disappointed 
in some of his most oherished purposes by this 
and by other events, and he appears to have 
grown weary of rulership. He was breaking 
down in health, and suffering much pain, and 
in 1666 he resigned his position both as Emperor 
and as Kii^v handing over the crown of Spain to 
his son Phffip. He spent the remainder of Ms 
life in monastic seclusion at Yuste, where he died 
on September 2lBt, 1668. 

Don John of Austria, who afterwards made him- 
self famous by his wars against the Moors and 
against the Turks, was a natural son of Charles. 
In the great battle of Lepanto, October 7th, 1571 » 
he conducted the combined fleets of Spain. 
Venice, Genoa, Malta, and Rome, defeated the 
whole arrayed naval power of the Turks near 
to Corinth, and put, for the time, a complete 
stop to the aggressive movements of Turkey. 

Philip II. of Spain. Charles V. was suc- 
ceeded by his son, Philip II of Spain, a sove- 
reign who made for himself a deep mark on the 
world’s history. Philip was born at Valladolid in 
1627. In 1643 he married Mary of Portugal, 
who died three years after, and in 1554 he became 
the husband of Mary Tudor, Queen of England 
The abdication of his father consigned to him 
a vast dominion, including Spain, the two 
Sicilies, Milan, the Low Countries, Mexico, and 
Peru. The resources of the State had been much 
exhausted by previous wars, and Philip had but 
little opportunity of making good these losses, 
even if he had b^n a sincere and capable econo- 
mist. The first war of his reign was made against 
the league formed by Henry II, of France and 
Pope Paul IV. Philip won two decided victories 
over the French, and Henry of France was com- 
pelled to agree to a peace. On the death of his 
wife, he married Isabella of France. 

“ Dictator to Europe.” Philip was a man 
of narrow mind, although gf much political 
capacity, and ambitious of extreme power. His 
resolute aim was to reign as a despot over his 
own dominions, and to make himselt a dictator 
to Europe in general. He put himself at the head 
of the Catholic party, and worked deliberately for 
the suppression of all free institutions within his 
own states. He made full use ot the machinery 
established by the Inquisition for the purpose of 
extinguishing all religious sects throughout his 
territories ; but he overdid the work In the Ix)w 
Countries his tyrannical policy roused the whole 
people of the Netherlands to a revolt, which ended 
in the independence of that countiy. The great 
failure of Philip’s life came from his extravagant 
attempt to conquer England. The destruction 
of the Spanish Armada is one of the memorable 
events of European history. His whole reign was, 
in fact, a series of failures which greatly increased 
his financial troubles at home, and his persecu- 
tions brought him enemies far and wide. His 
later years were a period of utter disappoint- 
ment, of breakdown m health and hope. He died 
on September 1598. With the revolt of 

the Netherlands and the defeat of the Spanish 
Armada, the history of Spain as a great, and 
sometimes a domineering, power in Europe may 
be said to have come to an end. 


THE NETHERLANDS 

The struggle for independence and the final 
success of the Netherlands gives to the history 
of Europe one of the most interesting and 
important of its chapters. That portion of the 
northern Netherlands known as Holland was 
governed for some centuries by a line of counts 
under the over -rule of the German sovereigns. 
It was annexed to Austria, and finally came under 
the dominion of Philip II. of Spain. 

The Revolt of the Netherlands. 
The people of the Netherlands were among the 
earliest and the most resolute to join the Reform- 
ation, and Philip made merciless use of all thf« 
forces of the Inquisition in the futile effort to 
coerce the indomitable Dutchmen into a renuncia- 
tion of their new faith. It is said that about 
100,000 human beings must have lost their lives 
during Philip’s campaigns of persecution. The 
people of Holland were not, however, to be 
persecuted out of their religion or their nation- 
ality. and as Philip was evidently determined not 
to mitigate his policy, they saw that there was 
nothing left for them but to rise in rebellion. 
The leading men among the Dutch kept fiimly 
in their minds the fact that they had, as their 
last resource, an ally against which even the 
power of Philip II. could not contend — the sea, 
which rose above the level of their shores, and had 
to be kepi from washing over them by gigantic 
and elaborate dykes and other such artificial 
means of protection. In 1566 I he Dutch nobles 
formed a confederation called “ Tx‘s Guoux ” 
(“The Beggars ”), a name which had its origin 
from an epithet given in contempt to a body 
of 300 deputies from the Low Countries, headed 
by two nobles, who ventured to present the 
jietition for the abolition of the Inquisition in 
Holland and Belgium. This name, thrown out 
in scorn, was taken up by the deputies and 
accepted defiantly as their title The peaceful 
deputation soon changed into a w'arrior band 
and made the name of the “ Beggais ” to ring 
in renown throughout Europe. 

William the Silent. One ol the lead- 
ing men of that era was William Prince of 
Orange, who succeeded to large estates in 
Holland, and showed even in his earliest years 
so much military and statesmanlike capacity 
that he was appointed by Charles V. Commander- 
in-Chief of the Netherlands when only twenty- 
two. William is known to all history as “ Wil- 
liam the Silent.” It is, however, certain that 
among other great qualities he was an accom- 
plished orator, who never failed to make use 
of his powers of speech when any great object 
was to be served. 

On one memorable occasion, in 1560, William 
was put in possession of a State secret by 
Henry II. of France, at a time when he was a 
hostage in Henry’s dominions. This secret, 
which was a project concocted by France and 
Spain for the destruction of all the Protestants 
of France and of the Netherlands, was confided 
to him while hunting in the forest of Vincennes 
by the King of France, who assumed that the 
Prince of Grange, like most other men of rank 
at that time, had no sympathy with the 
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Protestant cause. William of Orange was then 
a Catholic, though he became a Protestant soon 
after. Had William entered into any contro- 
versy on the subject, he knew that means 
would be taken to prevent him from spreading 
alarm as to the intended policy of extirpation. 

He listened, therefore, in absolute silence, 
and was able to forewarn his countrymen and 
prepare measures of national defence. He l)egan 
by opposing the persecutions started by Philip, 
and in 1567 resigned all his offices of state, and 
openly avowed himself a member of the Protestant 
Church. Philip of Spain sent the Duke of Alva to 
the Netherlands at the head of a largo army, and 
with unlimited power to maintain the Govern- 
ment of Spain there. The Duke of Alva did his 
best to carry out the King of Spain’s wishes by 
merciless bloodshed. William was proclaimed 
a traitor by Alva, and as the whole country was 
now rising in revolt, the proclaimed traitor was 
at once chosen by the Hollanders ^s their 
commander by sea and by land, and under his 
guidance the revolt of the Netherlands was suc- 
cessfully carried on. Until the rising of t he Gueux, 
the Spaniards had held unchallenged mastery 
over the Netherlands, but from that time a revolt 
wont on gaining in strength with every day. 

Union of the Northern Provinces. 
The union of all the northern provinces was 
thoroughly established in 1579. and in five years 
more the whole united Netherlands had re- 
nounced for ever their allegiance to the power 
of Spain. Much was yet to be accomplished 
before the absolute independence of the new 
state could be forced upon the recognition 
of Spain, The Dutch were determined to fight 
on to the last, and it was one of their resolves 
that, should the worst come, they would destroy 
the dykes which kept out the sea. 

Long before the struggle had gone so far as 
to call for such a policy of self-destruction, the 
gallant Hollanders had suffered a heavy loss by 
the death of their illustrious leader, William the 
Silent. The King of Spain, through the Duke of 
Alva, proclaimed William of Orange a traitor, 
and set a price upon his head — the sum of 25,000 
gold crowns, and as a result of this measure an 
assassin named Balthasar Gerards shot William 
with a pistol bought with money the Prince had 
given him in alms, and killed him at Delf, on 
July 10th. 1584. Nothing can give bettor evi- 
dence of the strength of the national cause and of 
the enthusiasm with which William had inspired 
his fellow countrymen than the fact that his death 
only seemed to nerve the Hollanders to fresh effort. 

Much sympathy was felt in England for the 
Dutch in the struggle which they were carrying 
on, and in 1585 some 6.000 men were sent to help 
them. Spain had made many enemies for her- 
self throughout Europe, and Queen Elizabeth of 
England was always ready to lend a helping hand 
to any opponents of Spanish policy, although the 
continual rivalry between the two great powers 
had not yet reached to that form of open war it 
was soon to assume. The Dutch knew well how 
to maintain their struggle, and how to avail 
themselves in the most effective manner of any 
help offered to them. It became evident that 
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there was no possible means of reducing the 
Dutch once again to servitude under the King 
of Spain. The northern provinces of the Nether- 
lands achieved their independence, and thus 
became a new self-ruling European state. Those 
provinces of the Netherlands which we now 
know as Belgium remained, for a time, under 
the dominion of Spain or of Austria. 

GERMANY 

The German populations were, about the 
tenth century, forming themselves into some- 
thing like cohesive and powerful states, although 
many of them yet remained in a condition which 
showed uncertainty as to whether they were 
destined ultimately to form part of a people 
subject to a foreign power, or to lose their nation- 
ality by becoming absorbed into the dominions 
of some larger state. Austria, the name of which 
signifies Eastern Kingdom,” had undergone 
many invasions and occupations since the days 
when it was part of the Roman Empire. Charle- 
magne, in re-establishing the various states over 
which he had acquired dominion, made Austria 
a margraviate, ruled over by a margrave. Later 
on the margraviate was raised to a duchy, and 
still later to an archduchy. 

Frederick II., who reigned over the Empire of 
Germany from 1212 to 1250, was one of the most 
remarkable sovereigns of the Middle Ages. With 
his son Conrad, who reigned for four years, ended 
the Hohenstaufen line, and he was succeeded by 
many princes who ruled — sometimes contem- 
poraneously — during a period known as the Great 
Interregnum, which lasted till 1273, when 
Rudolf I. of the Austrian House of Hapsburg, 
came to the throne. For nearly two centuries 
from this time the history of the German Empire 
is b^t the record of a succession of rulers. 

Maximilian I. succeeded his father, Frederick 
IV., in 1493, and his marriage with Mary, 
daughter of Charles the Bold of Burgundy, 
involved Maximilian in European politics. He 
made many improvements in the laws and the 
internal affairs of the Empire — originating the 
Imperial Chamber and the Aulic Council. 

The Reformation. In his reign began 
the Reformation movement, to which he was 
opposed, and the success of Luther’s preaching, 
but the establishment of the Protestant religion 
in Germany did not take pla(;e until the reign 
of his grandson, Charles V, grandson also of 
Ferdinand and Isabella of Spain, who reigned 
from 1519 to 1556. 

For a long time the Emi)erors of Germany re- 
tained also the title of Emperor of Rome, by 
which Charlemagne was crowned in 800, by 
Pope Leo III. Otho the Great, who was crowned 
by Pope John XII., in Rome, in 962, was the 
first who was called Sovereign of the Holy Roman 
Empire. The Empire, under its various denom- 
inations, was made up of all manner of European 
states enclosing within the one ruling system 
several different nationalities. Nor did these 
populations seem to be held together by any 
influence more successfully assimilating them 
than the strength of the German ruling power. 
For some time the Netherlands became part of 
the Empire of Austria by the marriage of the 
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Austrian Prince MaximiBan with the daughter 
of Charles the Bold, and not long after Spain 
became a dominion attached to Austria by the 
marriage of Philip of Spain with the heiress of 
Aragon and Castile. 

SWITZERLAND 

Helvetia, or Switzerland, after the rule of the 
Roman Empire had ended, was ravaged by the 
Huns, and in 450 was invaded by the Burgun- 
dians and the Alemanni. In the fifth century it 
was ruled by the Franks of the Merovingian line, 
and somewhere about this period many of the 
famous monasteries were founded. Much of 
what is now Switzerland was, in the Middle Ages, 
part of the Holy Roman Empire, and was there- 
fore, in the thirteenth century, under the rule of 
Rudolph of Hapsburg, the Sovereign of Austria. 

The men of some of the Swiss cantons, Uri, 
Schwyz and Unterwalden, early in the fourteenth 
century formed a league and covenant against 
the rule of Austria — more, indeed, against the 
rule of the subordinates of the Emperor than 
against the Emperor himself — and other cantons 
quickly joined the Eidgenossen (the confederates), 
as they were called. In 1307 three of the leaders 
of the confederates met by the Lake of Lucerne, 
and swore to free their country from the tyranny 
of Austria, and in the following years many other 
cantons joined the confederation. In 1315 they 
put to rout the army of Leopold of Austria. 
By the middle of the century most of the cantons 
had joined the confederates, and the Austrians 
were defeated in 1386 at Sempach, in 1388 at 
Nfifels, and in 1393 the Swiss drew up the famous 
Convention of Sempach. 

In 1476 the Swiss encountered Charles the 
Bold on the French frontier. They defeated 
him at Grandson, and again at Morat, and in 
the following year, before the walls of Nancy, 
in which engagement Charles the Bold was slain. 

The Story of William Tell. The 
story of the Swiss uprising is so much associated 
with the name of William Tell that we will 
mention the legend here in passing. The story 
tells how Gessler, the representative of Albert II. 
of Austria, tried to compel the Swiss to do homage 
to the hat of the prince set up on a pole in Altorf ; 
how William Tell, refusing to offer this homage, 
was ordered to shoot an apple off the head of his 
son. Tell accomplished this feat without injur- 
ing his boy, but avenged himself by putting the 
village tyrant to death. Then broke out the 
movement which ended in securing the entire 
independence of Switzerland. 

In the sixteenth century the Protestant 
Reformation, led by Zwingli, arose in Zurich, and 
quickly spread over many of the northern or 
German cantons of Switzerland. Some of 
them, however, remained Catholic, and in 1531 
war broke out between the followers of the two 
faiths. Zwingli was killed, and the Zurichers were 
defeated at the Battle of Kappel. Four years 
later Geneva became a Republic with new civil 
and ecclesictstical laws, under Calvin, and after 
this Protestantism spread into the west of the 


country. During the Thirty Years War Zurich 
and Berne helped to maintain the neutrality of 
Switzerland, which was recognised as an in- 
dependent stfide by the Treaty of Westphalia 
in 1648. This independence Switzerland has 
ever since maintained. 

HUNGARY 

Hungary was first formed into a kingdom by 
Stephen in 1000. The title of “ Apostolic King ” 
was conferred on him by Pope Sylvester II. for 
his work in the spread of Christianity, and the 
crown he then received was worn by all kings 
of Hungary since. After his death in 1038, 
unsuccessful efforts were made to re-establish 
paganism. Stephen founded many religious and 
civil institutions — the Ecclesiastical Organisation, 
the Municipal Councils, and the National Council 
— afterwards the Diet of the State. 

In 1222, daring the reign of Andrew II., the 
“ Golden Bull,” the Magna Charta of Hungary, 
was granted, and nine years later its privilegt's 
were much extended. Hungary was invaded by 
the Mongols in the reign of ^fela IV., and German 
colonists were introduced by him, as the country 
had been much depopulated by the Mongol 
massacre. Andrew Til., who died in 1301, was 
the lovst sovereign of the House of Arpad, and on 
his death the succession was contested. Seven 
years later, Charles Robert of Anjou became king, 
and reigned until 1342. He did much to improve 
the condition of his adopted country, and under 
his rule and that of his son, Louis the Great, 
Hungary took a high place among the nations. 

Matthias of Hungary. When Ladislaus 
Posthumus died, in 1457, he was succeeded by 
Matthias, the son of the great Hunyady — the 
famous general whose life was one long crusade 
against the Turks. The reign of Matthias saw 
the greatest era in the history of Hungary. 
He went to war with Bohemia, and became 
king of it and of Moravia. He made war with 
Turkey, and regained the Southern Province's 
which Turkey had held. In 1485, he made 
Vienna the capital of Hungary. 

Matthias was also renowned for his statesman- 
ship, his justice, and his encouragement of arts 
and letters. On his death the country was 
given over to internecine strife, and rapidly 
declined in prosperity. It was invaded by the 
Turks in the reign of Louis II., and Louis 
himself was killed. The crown was then con- 
tended for by John Zapolya and Ferdinand II. 
of Austria. As Ferdinand had the support of 
the Hungarian nobles, Zapolya had to renounce 
his claim, and Hungary thus came under the 
sway of the House of Hapsburg. Since that date 
the history of Hungary is connected with that 
of Austria. Under a succession of Austrian 
sovereigns there were many wars with Turkey, 
and much strife between the Catholic kings 
and their Protestant subjects. There were 
many ‘risings, also, against Austrian rule, and 
these conditions lasted until 1825, when thc3 
National Diet, which was convoked by Francis I., 
opened a new era in the history of Hungary. 


CaiUinued. 
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have shown how a seaman may rise in 
the Navy from a second-class boy to com- 
missioned rank ; we shall now prot eed to ex- 
plain how a boy more favoured with fortune’s 
blessings rises from midshipman to Admiral of 
the Fleet. It will be observed that we deal 
in this Fection only with the executive branch 
of the Service, the Paymaster branch being 
dealt with in the Civil Service sections on 
page 3195. 

Efficiency of the Naval Officer. 

To-day the cry of the Navy, as in every other 
profession, is for the life-trained officer, for 
there is so much to learn in our complicated 
boxes of machinery that to know even a part 
means a life study. For a man who is to lead 
men, also, the training in the habit of obedience 
and discipline cannot begin too early. In the 
case of other services, charges are sometimes 
levelled that the + raining methods are inefficient, 
and that the living is extravagant. This, 
however, eaimot be said of the Navy, where the 
keynote of naval education is thoroughness, 
and whore economy of living is the watchword. 
From the moment a boy joins the training college 
ho is taught that strict attention to work is the 
only avenue to promotion, and his allowance 
of pocket-money would compare badly with that 
of a public school boy of liis own age. After 
reaching the rank of lieutenant, a young man 
(;an live fairly comfortably on his pay. 

It must be understood that at present-* the 
representatives of two systems of education are 
working side by side in the Navy, Under the 
old system boys entered for whatever branch 
of the Service they fancied — executive, Engi- 
neers, or Royal Marines. The result was a rac(i 
of specialists — each man excellent in his own 
department, but knowing very little about the 
work of other branches of the Service. To 
remedy this state of things a new system has 
been introduced to produce a type of officer 
with a more comprehensive knowledge and 
wider sympathies. The age of entry has been 
lowered, so that to-day a boy must decide 
practically on leaving his preparatory school 
that he desires to enter the Navy. 

The Preliminary Examination. The 
training begins at Osborne College. To be 
admitted, a boy must be of pure European 
d^ent, and the son of natural bom British 
subjects, or of parents naturalised in the United 
Kingdom. An application for nomination should 
be addressed to the private secretary of the 
First Lord of the Admiralty, and should not be 
made before the boy is eleven years old. On 
receiving a nomination from the First Lord, 
the candidate is required to present himself 
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before a committee, not for an examination of his 
book knowledge, but so that the committee 
may have an opportunity of judging from his 
conversation and manner what sort of a boy 
he is, and whether he is likely to make a good 
officer when he is grown up. The candidate is 
required to produce a certificate of birth o^* its 
equivalent, a certificate of good conduct from 
the master of the school or schools at which he 
has been educated for the two previous years, 
and proofs of good health and freedom from 
constitutional disease or hereditary taint of any 
kind. A severe medical inquiry has to be faced, 
and then the qualifying examination, which 
embraces the following subjects : 

English: Dictation, simple composition and 
reproduction of the gist of a passage read twice 
by the examiner. 

History and Geography : The whole outline, 
with special reference to the British Empire. 

Mathematics: Arithmetic (simple), including 
decimals, fractions, mensuration of area and 
capacity, money, proportion, etc. Algebra, up 
to simple and simultaneous equations. Practical 
geometry (angles and constructon of angles, 
squares, parallelograms, and division of straight 
lines into equal parts). Theoretical geometry 
(definitions, the substance of theories contained 
in Euclid Book 1, propositions 4 — 6, 8, 13 — 16, 
18, 19, 26 — 30, 32 — 34, and very simple deductions 
from these). > 

French or German: Simple examination, 
with great stress on the vim vocp part. 

Latin : Easy passages for translation, English- 
Ijatin and Latin-English, and simple grammatical 
questions. 

Specimen examination papers can be obtained. 

Cost of Training. Tliis examination 
successfully passed, the lads have to jiresent 
themselves in uniform at Portsmouth Dock- 
yard on the appointed day, and are taken 
across to Osborne by a Government launch. 
Here the foundation of the life-work is laid. 

Beyond the cost of the kit, which consists of 
bed-linen and towels as well as clothes, the cost 
to the parent is at the rate of £75 per annum in 
three (advance) instalments of £25. Over and 
above this, to cover the miscellaneous expenses, 
such as washing, instruments, books, sports, and 
pocket-money, another £8 per term should bo 
expended. In a few cases the Admiralty allow 
the BOhs of officers in the Army, Navy, or civil 
servants under the Admiralty to enter at a 
1 educed payment of £25. 

Osborne College. The Naval School at 
Osborne is organised on the lines of the best 
public schools, special attention being directed 
to fit the cadet for his career, not only as a i kilful 
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fleaman, but also as an officer and a gentleman. 
Examinations are held at the end of every term, 
and should a cadet fail to satisfy the Lords of 
the Admiralty his parents may be asked to 
withdraw him at any time. A declaration of 
willingness to do this has to be signed at the time 
of the boy’s joining, together with a declaration 
of willingness that the boy shall enter that branch 
of the Service for which he may seem to be best 
fitted, whether engineering, marine or general 
executive. At Osborne, a splendid workshop has 
been fitted up, and the cadets spend quite half 
of their time in practical and theoretical work 
connected with engineering or in studies closely 
bearing upon it. There is a ship attached to 
Osborne in which the cadets go for cruises 
lasting six weeks for practical instruction in 
seamanship. Physical education also is well 
looked after. 

Dartmouth College. After two years, 
the cadet passes on to Dartmouth (College for 
another two years, to (iompletc his preliminary 
studies. ’ The course of this four years’ training 
has included the study of mathematics, mechanics, 
heat and electricity, the theory and practice of 
engineering ; English and French composition 
and literature, together with some German ; 
history and geography, navigation, and the 
elements of seamanship ; religious knowledge ; 
physical education. The cadet at Osborne has 
already liad a course lasting some six weeks, 
and, leaving Dartmouth, he goes to a training 
cruiser for more practical instniction in naviga- 
tion, seamanship, and engineering than can be 
obtained ashore. Until he reaches the rank of 
sub-lieutenant his parents are required to make 
him an allowance of £50 a year. 

Midshipman. At the end of two terms on 
the training cruiser he is drafted with a batch of 
youngsters of his own seniority to a sea-going 
ship as midshipman. This, however, does not 
mean that his education is complete. True, he 
IS no longer imder a civilian instructor but lie 
devotes his whole time to learning his professional 
duties under one or other of the officers, about 
one-third of his days being spent in the engineer- 
ing section. On completing three years’ service 
as a midshipman, a serious examination has to 
be passed for acting sub-lieutenant in seaman- 
ship and practical engineering ; he attends the 
next examination in navigation and general 
subjects, and he attends short courses of gunnery, 
torpedo work, and pilotage at the depots, each 
of which is followed by an examination on the 
work studied in the course. Those who show 
aptitude and special ability are then allowed to 
go through a further and more comprehensive 
course, lasting six months, at Greenwich Naval 
College, which fits them for specialising in any 
particular branch. 

The sub-lieutenants who do not qualify for 
the extra course are immediately sent to sea, 
and are joined by the Greenwich students at 
the completion of their course. Sub-lieutenants 
must serve at sea for at least one year before 
being promoted to lieutenant, and must obtain 
from their captain a certificate that they are 
efficient in the duties of officers of the watch. 
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Under the new scheme of education the lads 
who have all been trained under the same system 
are now apportioned to the branch for which 
they are most fitted, and they become specialists 
in engineering, in gunnery, torpedo, or naviga- 
tion, being denoted by the letters E, G, T 
and N, while some go to the Marines, whom we 
shall call M. The rest become general service 
lieutenants, available specially for watch-keep- 
ing, discipline, and seamanship. 

Lieutenant. On promotion to lieutenant, 
the dividing line comes. Officers for gunnery go 
to Portsmouth for a year ; for torpedo work, to 
the Vernon Torpedo School ; for navigation to 
(freenwich ; for engineering to Keyham, to 
increase their practical knowledge and to study 
dockyard work and repairs. Lieutenants (M) 
go Uy one of the Marine divisions to learn their 
special military duties. 

Of these specialists a few of the best are 
allowed a further course of instruction to fit them 
for the higher grade of lieutenant, which, for 
the sake of clearness, will be called G 2, T 2. 
For these the higher course lasts for one year 
while for E 2 the course is two years. Of the 
general service lieutenants a few are selected 
for instructional purpo-ses and undergo a short 
course to fit them for their work. 

Branches of the Service. Now it has 

been explained how the lads trained together 
in the same system as far as the rank of 
lieutenant have been broken up into three 
main divisions — engineers, Marines, and what 
we shall call, for want of a better term, 
general executive officers, which divisions have 
been subdivided into specialists and non- 
specialists. It remains to be shown what these 
young men will do with their careers. Will 
the specialists continue as specialists to the 
end of their days, or do they foster the hope of 
one day commanding a fleet ? — for it is still open 
to the engineer to revert to the main channel 
and go through the ordinary course of promo- 
tion. 

In exceptional cases, it is possible for the 
lieutenant (E2) to revert, but it is most un- 
usual, and indeed, undesirable, for he is throwing 
away his special education and his chance of 


1 PAY OF OFFICFRS IN THK ROYAL 

MARINES 


One Year. 

One Day. 

« 

£ B. d. 

£ 8. d. 

Colonel Coininamiant . . 

730 0 0 

2 0 0 

Major 

293 16 1 

0 16 1 


to 

to 


337 12 0 

0 18 0 

Captain 

220 1 0 5 

0 12 1 


to 

to 


266 2 11 

0 14 7 

lieutenant 

115 11 8 

0 6 4 


to 

to 


135 7 1 

0 7 5 

Second Lieutenant 

95 16 .3 

0 5 3 

Quartermaster 

173 7 6 

0 9 0 


to 

to 


282 17 6 

0 15 6 


quicker promotion. Ho will, therefore, look 
to the engineer branch to provide his fortune, 
and he will rise in the ordinary course to com- 
mander (E2), captain (E2). And although ho 
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/ RATE OF PAY 

OF ALL RANKS 

OP 

OPFIOBES IN 

THE NAVY . 

— - - 

1 Fer Auunm. 

1 0»« IiKjr. 

1 Bpeoial BemiMrlui. | 


£ 8. 

d. 

£ 8. 

d. 



Admlna of the Fleet 

2190 0 

0 

6 0 

0 

^ With Table 

money varying 

Admiral 

1825 0 

0 

5 0 

0 

1 between £547 lOe. and £1,642, 

Vice Admiral . . . 

1460 0 

0 

4 0 

0 

according to station and the 

Rear Admiral . . . 

1095 0 

0 

3 0 

0 

1 amount of entertaining re- 

Commodore (let ClaBS 

1095 0 

0 

S 0 

0 

\j quired. 


Captain of the Fleet 

/ 

1095 0 

0 

3 0 

0 



410 12 

0 

1 2 

0 

With Command money vary- 

Captain . . . . -j 

to 

602 6 

0 

to 
1 13 

0 

1 Ing from £91 5e. per annum to 

1 £828 10s., according to rank 




j and circumstances. 

Commander . . / 





( Command money when com- 

365 0 

0 

1 0 

0 

^ manding a ship, or on special 

V service, £45 12s. 6d. to £68 9d. 

1 






C Command money, £46 12s. 6d. 






1 to £68 88. 9d. 

Senior Lieuten- 1 

Lieutenant, under 8 I 

182 10 

0 

0 10 

0 

1 ant of a ship. 

£27 78. 6d. to 1 

years -[ 

to 


to 


£45 128. 6d. Gunnery or Tor- 

„ 14 years 1 

310 5 

0 

0 17 

0 

pedo Lieutenants, £36 10s. to 
£73. Navigating Lieutenant, 

( £45 128. 6d. to £73. 

Lieutenants pro- / 
moted from Gun- { 
ner or Bo'sun, etc. t 

237 6 

to 

273 15 

0 

0 

0 13 
to 
0 15 

0 

0 

1 According to seniority. Extra 
j allowances for specialists, 

Sub-lieutenant 

91 5 

0 

0 5 

0 

Command money £36 lOs. nor 

Midshipman 

31 18 

9 

0 1 

9 


Lannum. 

Naval Cadet 

Engineer Hear Ad- 

18 5 

0 

0 1 

0 



miral 

1095 0 

0 

3 0 

0 



( 

638 15 

0 

1 16 

0 



Engineer Captain 

to 


to 




\ 

730 0 

0 

2 0 

0 



„ Commander f 

438 0 

0 

1 4 

0 



to 


to 




\ 

602 5 

0 

1 13 

0 


Extra pay 

Engineer Lieut. . . | 

182 10 

0 

0 10 

0 

1 According 

if in charge 

to 


to 


> to 

of engines. 

365 0 

0 

1 0 

0 

* seniority. 

f£l8 58. to 

„ Sub-lieutenant 

136 17 

6 

0 7 

6 

£91 5b. 

„ Lieutenant pro- f 
moted from war- -J 

264 12 

6 

0 14 

6 

'1 According 


to 


U) 


y to 

/ seniority. J 


rant rank { 

301 2 

6 

0 16 

6 


Chaplain or In- / 

219 0 

to 

401 10 

0 

0 12 
to 

1 2 

0 



structor . . . . 1 

0 

0 



Inspector-tJeneral of 







Hospitals 

1300 0 

0 





f 

492 15 

0 

1 7 

0 



Fleet Surgeon . . -[ 

to 


to 




i 

657 0 

0 

1 16 

0 



f 

365 0 

0 

1 0 

0 



Staff Surgeon , . { 

to 


to 




\ 

438 0 

0 

1 4 

0 



f 

265 10 

0 

0 14 

0 



Surgeon . . ^ 

to 


to 




1 

310 5 

0 

0 17 

0 




will go to Hca from time to time to keep in touch 
with modem practical engineering, the Admiralty 
will be glad to make use of his services ashore 
and in the higher ranks of the dockyard advisers, 
'the Marine lieutenant, in some cases, will revert 
to the general executive and be appointed com- 
mander in his proper turn ; for he is to-day not 
only the musketry officer but he can also take his 
turn in watch-keeping and the general duties 
of the ship. On the other hand, he may qualify 
for commander (M) and then revert to captain 
in command of a ship. A third possibility, of 
which a few will avail themselves, is to continue 
discharging the duties of Marine commander, 
and look for promotion in the Marines to the 
higher rank of captain (M), major (M), and 
colonel to general. 

The Ladder of Promotion. For the 

rest, tl^g general service lieutenants, there is 
a long, weary wait for their next step. After 


five years' service in the 
rank the officer has to 
pass an examination in 
naval law, court-martial, 
naval history, strategy and 
tactics, besid^ the examin- 
ation in the general pro- 
fessional subjects. In due 
course his turn for pro- 
motion comes and' he is 
promoted to commander, 
probably in ten or twelve 
years. It must not be sup- 
posed that the time has 
been monotonously spent. 
He has been changing from 
ship to ship, has b^n in 
torpedo boats, destroyers, 
cruisers and battleships, and 
has served at home and 
abroad. He has attended 
qualifying and requalifying 
courses and has every year 
been learning something of 
the management of ships, of 
gims and of men. So that 
at about the age of thirty- 
five he is a man of wide 
knowledge and experience 
besides having passed about 
twenty severe examinations. 
Another four to six years 
as commander should see 
him promoted’ to captain, 
though still he has not 
completed his education, 
but must go to Greenwich 
to learn the higher teach- 
ings of strategy. In the 
end he is promoted at last 
to admiral after eleven to 
fifteen years in command 
of ships. 

We have not yet touched 
upon two important 
branches of the Service — the medical and the 
clerical. They are, however, of purely technical 
interest, and are open only to men who have 
already received a special education. It suffices, 
therefore, to say that a proof of professional 
knowledge must be produced in the form of 
a degree, and that promotion is gained by 
seniority tempered by a certain amount of 
selection. Doctors enter as* surgeons and rise 
through staff -su^eon to fleet -surgeon ; and 
there are one or two good appointments for 
the fortunate both at home and abroad. 

For chaplains there is little promotion in the 
ordinary sense, but their pay increases by 
length of service ; and there are a few livings 
ashore belonging to the Admiralty which are 
given to men who have been naval chaplains 
as a reward for good service. The pay of a 
chaplain or naval instructor ranges between 
£219 and £401 10s. per annum. 
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Apparatus used in Chemical Analysis. Qualitative and Quanti- 
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•yHE word awilysis is derived from the Greek 
^ dva\v(j} (analuo), to loosen ; and, like so 
many general terms of this description, can be 
used in several different senses. 

In a chemical sense we refer to the loosening 
or breaking down of a substance, or mixture of 
substances, into their ultimate constituents ; just 
the reverse of what is understood by synthesis, 
which means the building up of a substance from 
simpler constituents. The meaning which we 
shall attach to the 'words Chemical Analysis in 
this article is somewhat narrower. We shall 
break down or resolve substances merely for the 
purpose of ascertaining of what they consist 
and in what proportions the constituents arc 
present. Put shortly, the objects of a chemical 
analysis are ( 1 ) the identification of a substance, 
(2) the detection of the components in a mixture 
of substances, (3) the determination (estimation) 
of the amounts in which they are present. 

Qualitative and Quantitative Work. 
Thus, supposing we are analysing a silver coin, 
we might be required to identify the metal of 
which the coin is made, in this ease silver ; 
secondly, to detect the presence of other sub- 
stances, such as copper ; and thirdly, to estimate 
the quantities of silver and copper alloyed 
together in the coin. The identification and 
detection of substances and mixtures are opera- 
tions which naturally precede the estimations of 
the proportions in which they are present. We 
may, therefore, regard analysis as comprising two 
branches, qualitative and quantitative. Wc shall 
start with the qualitative analysis, in which we 
“ convert the imknown constituents of a body 
into certain known forms of combinations ; and 
we are thus enabled to draw correct inferences 
respecting the nature of these unknown con- 
stituents ” (Fresenius). 

In what follows, the student will find given an 
outline of some of the more important methods 
of analysis, which will enable him to form a 
general idea of how such analyses are performed. 
In some cases, methods of analysis are fully 
^cribed, but in most cases it has been found 
impossible to do this. For full details the 
student may consult the “ Qualitative and 
Quantitative Analysis ” of Fresenius, and the 
“Volumetric Analysis ” of Sutton. These are the 
standard works on the subject, and on them 
most of the smaller treatises are based. The 
student may also consult Clowes and Coleman, 
who have compiled usefuL textbooks on both 
qualitative and quantitative analysis. The 
latter, with which we are well acquainted, is a 
I^ticularly useful book for the student. The 
theoretical side of analysis is beautifully worked 
out in Ostwald’s “ Analytical Chemistry.^’ No 


amount of reading can, however, replace practical 
work in the laboratory ; and, in doing accurate 
work, there are numerous precautions to be 
taken and difficulties to be overcome, which will 
not be realised merely by reading these articles, 
and which are met with only in actual practice. 
We have, however, where possible, drawn the 
student’s attention to the more obvious pitfalls, 
and with some personal instruction he should, 
without much difficulty, be capable of carrying 
out those analyses where full details are given. 

Theoretical Considerations. Sub- 
stances are identified by their properties which 
appeal to our senses. It is, of course, impossible 
to take all these properties into consideration, 
but if we prove that two substances agree 
completely in a few instances, it is usually 
sufficient. Thus, a black solid giving purple 
vapours when heated and a blue colour with 
starch paste is almost certainly iodine. We 
know of no other substance coinciding in all these 
three properties with iodine, and may therefore 
take these coincidences as sufficient proof of 
identification. On the other hand, wo are 
acquainted with several white solids which give 
colourless vapours, and to distinguish between 
them we must note other of their properties. 
By taking as wide a range as possible, we reduce 
the possibility of error. The properties we make 
use of are of two kinds : first, the inherent 
properties — those peculiar to the substance 
itself, such as colour, odour, density (mass per 
unit volume) ; secondly, what for want of a 
better word, we may term reactions — that is, those 
changes brought about by treating with other 
substances, as well as those due to changed 
environment. 

Reactions. The second class is the more 
important for our purpose and includes a wider 
and more varied range of phenomena, among 
which is included the chemical and physical 
reactions. By these we understand changes 
brought about by altering the conditions under 
which the body exists. Thus, in identifying 
iodine, we obtained it in the form of a purple 
vapour by changing one condition — namely, 
temperature. By varying the temperature and 
noting the behaviour of the substance under 
examination, a great deal of information may be 
gained, and the applicability of this method is 
further extended by using instruments (ther- 
mometers) for accurately measuring temperatures. 
In addition to observing a change in the state of 
aggregation — say, from solid to liquid — on raising 
the temperature, wo may note the exact tempera- 
ture at which the change takes place (melting 
point). This principle is one of those most 
commonly used in identifying organic substances. 
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Numerous other instances might be cited, and the 
student will meet with other examples in what 
follows. The changes wo have considered may 
be classed under the heading of 'physical reactions. 
The chemical reactions are of equal, or of even 
greater, importance. In order that such may 
take place, two substances must be brought into 
intimate contact with one another, and in the 
case of solids, this is most generally effected by 
dissolving them in a common solvent, such as 
water. On dissolving each separately, and 
mixing the solutions, a “ precipitate ” will be 
formed if, by their mutual reaction on one 
another, they are capable of forming a substance 
insoluble in water (the precipitate), which 
promptly separates out in a finely divided state. 

Precipitates* and What They Teach. 
As to chemical apparatus, we require little 
else for qualitative analysis beyond a basket 

of test tubes, 

a test-tube 
stand [1] to 
hold them, 
some watch- 
glasses [2] 
and stirring rods, a platinum wire and Bunsen 
burner [3] and a set of reagents — that is, 
chemical substances usually in solution, which 

— bring about characteristic re- 

actions with the suKstanees ^ 
2 which we are testing. In addi- 

tion, a funnel and filter paper 
wall be required. Fig. 4 shows the different 
shapes in folding a filter paper and fitting it j 
into a funnel. The most common method, and i 
that most generally applicable, is to add the 
reagent to a solution of the substance to be tested, c j 
and note whether or not a precipitate is formed. K 
Thus, a solution of hydrochloric acid added 
to a silver salt, produces a white precipitate E 
of silver chloride. As, how^cver, hydro- 
chloric acid produces a white precipitate 
with other substances besides silver salts — 
as, for instance, salts of mercury (mercur- 
ous) and lead — it is usually necessary to examine 
the precipitate further in order to make cer- 
tain that the substance is what we imagine 
it to be. The white precipitates formed from 
silver, mercurous, and lead salts, differ in their 
properties, so that we can distinguish between 
them. Thus, the lead compound known as 
lead chloride is soluble in hot water, sepa- 
rating out again on cooling, in tiny needle- 
shap^ crystals. The lead chloride precipitate 
is seen in 7. Being heavy, it rapidly settles to 
the bottom of the test tube. Fig. 8 shows the 
needle-shaped crystals obtained by dissolving in 
hot water and setting aside to stand. It is not 
changed in appearance bv adding ammonia to it, 
while on the other hand, mercurous chloride is 
turned black by this treatment, and silver 
chloride is dissolved. Where possible, the pre- 
cipitate should be washed before applying the 
latter tests, as other substances in solution might 
interfere with the reactions and complicate them. 
Washing is effected by filling the test tube with 
w^ater, allowong the precipitate to settle to the 
bottom, carefully pouring off the water, leaving 
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as much precipitate behind as pcssible, adding 
more water, and repeating the process once or 
twice. Fig. 6 shows a “clotted^’ precipitate of 
silver chloride which has been washed in this 
manner. 

Some substances* when heated with acids 
evolve ^ases, and this property may be made 
use of in analytical work. Thus, carbonates, 
such as chalk, give off carbon dioxide gas when 
treated with hydrochloric acid. Here also, it is 
necessary to go a step further and to identify 
the gas. It happens that sulphides also dve off 
a gas when treated with hydrochloric acid ; but 
the gases have different pro^rties. Thus, carbon 
dioxide gas may be poured off into a test tube 
containing lime water, when a precipitate of 
calcium carbonate will be formed on shaking the 
liquid up with the gas. It is, moreover, odourless. 
On the other hand, sulphuretted hydrogen has a 
peculiar, offensive odour, and produces a metallic* 
stain on a piece of filtered paper saturated with 
a solution of the silver or lead salt. 

Insoluble Substances and Pre- 
liminary Work. Sometimes substances 
are insoluble in water and acids, and appear 
to be very inert. The identification of these 
substances is difficult. However, as there is 
only a limited number of them, their individual 
properties can be learnt, and they must bo tested 
for separately. Of course, the identification of 
simple substances such as simple salts is a 
much easier operation than the detection and 
identification of a number of substances mixed 
together. As, however, in technical work 
pure substances are seldom met with, a tech- 
nical chemist has to deal with mixtures even 
p though some of the constituents 

I are present in small quantities 

as impurities. The reactions of 
different substances with reagents 
have been carefully studied and 
tabulated, so that a systematic 
3 examination may be made. It is 

usual, however, before proceeding 
with the systematic examination to make a 
preliminary examination, which often fur- 
nishes valuable clues to the nature of the 
substance. As we have already shown, any 
property of a substance, and any reaction in 
which it is capable of taking part may be 
made use of for its detection and identi- 
fication, so that a knowledge of analysis, 
and a knowledge of general chemistry go hand 
in hand, and it is therefore impossible to bo 
an expert analyst without a wide knowledge of 
chemical reactions. 

Group Reagents. In the course of 
systematic analysis it will be found that hydro- 
chloric acid produces a white precipitate with 
silver, mercury or lead, owing to the formation 
of the chlorides of these metals, and as they 
behave alike in this respect, and differ from the 
salts of all other metals, tliey are classed together 
in Group 1, of which hydrochloric aeid is the 
“ group reagent.” If no precipitate is obtained, 
the student passes on to Group 2, of which 
sulphuretted hydrogen is the group reagent. 
This fonns a precipitate with the salts of all 
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metals in Group 2 ; the other groups have their 
corresponding group reagents. 

Obse^ation and Experiment. It is 

not possible to proceed mechanically in making 
an analysis, as the general rules which we shall 
give are modified by varying conditions. Even 
m the detection of simple salts the student 
may make serious errors unless he reason out 
his methods carefully, and take the trouble 
to understand thoroughly what he is doing. 

We remember that on one occasion a student 
was given a yellow-coloured solution to test smell- 
ing somewhat of sulphuretted hydrogen. Taking 
no notice of these 
data, he proceeded 
blindly to test for 
metals of the first 
group by adding 
hydrochloric acid, 
and, obtaining a 
whitish precipi- 
tate, immediately 
concluded that a 
salt of silver, mer- 
cury, or lead was 
present. It he had 
thought a moment, and taken trouble to 
examine the precipitate, he would have seen 
that it differed totally in appearance from 
the chlorides of any of these metals. As a 
matter of fact, he had been given a solution of 
an alkaUne sulphide to identify, and the hydro- 
chloric acid added neutralised the alkali, precipi- 
tating sulphur, which he mistook for the chloride 
of a metal of Group 1. The sulphur precipitate is 
seen in 5 ; its appearance may be contrasted with 
6 and 7. The incident mentioned was a very 
obvious case of want of care in observation and 
lack of knowledge or forethought ; but 'similar 


the reagent if a precipitate be not immediately 
apparent. Some precipitates, such as sulphate 
of calcium or strontium form slowly. Others, as 
aluminium hydroxide, are very transparent and 
gelatinous in appearance, and may easily ^ 
missed. The precipitate of aluminium hydroxide 
becomes denser and settles on boiling [9]. When 
a precipitate is formed, its appearance should 
be noted before throwing it away. Thus, it 
is advisable to replace the test tubes in the 
stand until the condition of the precipitate is 
properly understood and carefully noted. The 
appearance of precipitates varies very much. 

Thus, a flocculent, 
or “clotty” pre- 
cipitate of silver 
chloride [6] is very 
characteristic, and 
easily distinguish- 
able from a fine, 
granular one, such 
as sulphate of 
barium [12 1. After 
boiling, the preci- 
pitate settles more 
readily 1 11 J. When 
heating the contents of a test tube in a Bunsen 
flame, the tube should be held with the mouth 
pointing away from the operator, and the tube 
constantly shaken ; there will then be less likeli- 
hood of cracking the tube, and if the contents 
boil suddenly and spurt out, as they sometimes 
do, there is less danger of them striking the face. 

With these remarks, we jiroceed with the 
preliminary examination. 

Preliminary Examination. The sub- 
stance is assumed to be in a solid state. Note 
the colour and general appearance. Many 
metals have coloured ions and form characteris- 
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5. Sulphur 
iccrystalliaed 


TYPICAL PRECIPITATES 

6. Silver chloride precipitate washed 7. Lead chloride fleshly precipitated 8, Lead chlorule 
0, Aluniiiiium hydroxide 10. Silver chloiide fieshly precipitated 11 , Barium sulphate after boiliiK*- 
12, Baiiuni sulphate before boiling ® 


things can liap})en, and happen more easily in 
difficult analyses, if the student does not under- 
stand thoroughly what he is doing. 

Hints tor Practical Work. When 
working in the laboratory only small quantities 
need be used, both of the substance to be tested 
and of the reagent. If a quantity of the liquid 
to be tested sufficient to fill the test tube to a 
depth of J in. or so be taken, that will be ample. 

5 to 12. The reagent should be 
added gradually, especially in the case of strong 
acids. The contents of a test tube should not 
be thrown down the sink directly after adding 


tically coloured salts — for instance, copper, blue 
and green ; cobalt, blue and pink ; ferrous iron, 
green ; ferric iron, red to brown ; chromium, 
yellow to red. Met curt/, lead and some other 
metals give characteristically coloured com- 
pounds, while those formed from others, such as 
aluminium, barium, etc., are generally white. 

Heat a little in a dry tube, preferably a narrow 
hard-glass tube, but a test tube will do, and note 
what happens. 

The following conclusions may be drawn: 

(1) If it changes colour— to black (carbonisa- 
tion), organic matter ; to bl own, cadmium 
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Numerous other instances might be cited, and the 
student will meet with other examples in what 
follows. Hie changes we have considered may 
be classed under the heading of physical reactions, 
%e chemical reactions are of equal, or of even 
greater, importance. In order that such may 
take place, two substances must bo brought into 
intimate contact with one another, and in the 
case of solids, this is most generally effected by 
dissolving them in a common solvent, such as 
water. On dissolving each separately, and 
mixing the solutions, a “ precipitate ” will bo 
formed if, by their mutual reaction on one 
another, they are capable of forming a substance 
insoluble in water (the precipitate), which 
promptly separates out in a finely divided state. 

Prec^ipitates, and What They Teach. 
As to chemical apparatus, we require little 
else for qualitative analysis beyond a basket 

of lest tubes, 

a test-tube 
stand [1] to 
hold them, 
some watch- 
glasses [2] 
and stirring rods, a platinum wire and Bunsen 
burner [3] and a set of reagents — that is, 
chemical substances usually in solution, which 

^ - bring alx)ut characteristic re- 

actions with the substances ^ 
2 which we are testing. In addi- 

tion, a funnel and filter paper 
will be required. Fig. 4 shows the different 
shapes in folding a filter paper and fitting it 
into a funnel. The most common method, and I 
that most generally applicable, is to add the 
reagent to a solution of the substance to be tested, <;j 
and not-e whether or not a precipitate is formed. K 
Thus, a solution of hydrochloric acid added 
to a silver salt, produces a while precipitate C 
of silver chloride. As, however, hydro- 
chloric acid produces a white precipitate 
with other substances besides silver salts — 
as, for instance, salts of mercury (mercur- 
ous) and lead — it is usually necessary to examine 
the precipitate further in order to make cer- 
tain that the substance is what we imagine 
it to be. The white precipitates formed from 
silver, mercurous, and lead salts, differ in their 
properties, so that w^e can distinguish between 
them. Thus, the lead compound known as 
lead chloride is soluble m hot water, sepa- 
rating out again on cooling, in tiny needle- 
shap^ crystals. The lead chloride precipitate 
is seen in 7. Being heavy, it r^idly settles to 
the bottom of the test tube. Fig. 8 shows the 
needle-shaped crystals obtained by dissolving in 
hot wrater and setting aside to stand. It is not 
changed in appearance by adding ammonia to it, 
while on the other hand, mercurous chloride is 
turned black by this treatment, and silver 
chloride is dissolved. Where possible, the pre- 
cipitate should be washed before applying the 
latter tests, as other substances in solution might 
interfere with the reactions and complicate them. 
Washing is effected by filling the test tube with 
water, allowing the precipitate to settle to the 
bottom, carefully pouring off the water, leaving 
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as much precipitate behind as pcssible, adding 
more water, and repeating the process once or 
twice. Fig. 6 shows a “ clotted'’ precipitate of 
silver chloride which has been washed in this 
manner. 

Some substances* when heated with acids 
evolve gases, and this properW may be made 
use of m analytical work. Thus, carbonates, 
such as chalk, give off carbon dioxide gas when 
treated with hydrochloric acid. Here also, it is 
necessary to go a step further and to identify 
the gas. It happens that sulphides also give off 
a gas when treated with hydrochloric acid ; but 
the gases have different pro^rties. Thus, carton 
dioxide gas may be poured off into a test tube 
containing lime water, when a precipitate of 
calcium carbonate will be formed on shaking the 
liquid up with the gas. It is, moreover, odourless. 
On the other hand, sulphuretted hydrogen has a 
peculiar, offensive odour, and produces a metallic’ 
stain on a piece of filtered paper saturated with 
a solution of the silver or lead salt. 

Insoluble Substances and Pre- 
liminary Work. Sometimes substances 
are insoluble in water and acids, and appear 
to be very inert. The identification of these 
substances is difficult. However, as there is 
only a limited number of them, their individual 
properties can be learnt, and they must be tested 
for separately. Of course, the identification of 
simple substances such as simple salts is a 
much easier operation than the detection and 
identification of a number of substances mixed 
together. As, however, in technical work 
pure substances are seldom met with, a tech- 
nical chemist has to deal with mixtures even 
p though some of the constituents 

I are present in small quantities 

as impurities. The reactions of 
different substances with reagents 
have been carefully studied and 
|B|p tabulated, so that a systematic 

3 examination may be made. It is 

usual, however, before proceeding 
with the systematic examination, to make a 
preliminary examination, which often fur- 
nishes valuable clues to the nature of the 
substance. As we have already shown, any 
property of a substance, and any reaction in 
which it is capable of taking part may be 
made use of for its detection and identi- 
fication, so that a knowledge of analysis, 
and a knowledge of general chemistry go hand 
in hand, and it is therefore impossible to bo 
an expert analyst without a wide knowledge of 
chemical reactions. 

Group Reagents. In the course of 
systematic analysis it will be found that hydro- 
chloric acid produces a white precipitate with 
silver, mercury or lead, owing to the formation 
of the chlorides of these metals, and as they 
behave alike in this respect, and differ from the 
salts of all other metals, they are classed together 
in Group 1, of which hydrochloric acid is the 
“ group reagent.” If no precipitate is obtained, 
the student passes on to Group 2, of which 
sulphuretted hydrogen is the group reagent. 
This forms a precipitate with the salts of all 
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metals in Group 2 ; the other groups have their 
corresponding group reagents. 

Observation and Experiment. It is 

not possible to proceed mechanically in making 
an analysis, as the general rules which we shall 
give are modified by varying conditions. Even 
m the detection of simple salts the student 
may make serious errors unless he reason out 
his methods carefully, and take the trouble 
to understand thoroughly what he is doing. 

We remember that on one occasion a student 
was given a yellow-coloured solution to test smell- 
ing somewhat of sulphuretted hydrogen. Taking 
no notice of these 
data, he proceeded 
blindly to test for 
metals of the first 
group by addmg 
hydrochloric acid, 
and, obtaining a 
whitish precipi- 
tate, immediately 
concluded that a 
salt of silver, mer- 
cury, or lead was 
present. If he had 
thought a moment, and taken trouble to 
examine the precipitate, he would have seen 
that it differed totally in appearance from 
the chlorides of any of these metals. As a 
matter of fact, he had been given a solution of 
an alkaline sulphide to identify, and the hydro- 
chloric acid added neutralised the alkali, precipi- 
tating sulphur, which he mistook for the chloride 
of a metal of Group 1 . The sulphur precipitate is 
seen in 5 ; its appearance may be contrasted with 
6 and 7. The incident mentioned was a very 
obvious case of want of care in observation and 
lack of knowledge or forethought ; biit'feimilar 


the reagent if a precipitate bo not immediately 
apparent. Some precipitates, such as sulphate 
of calcium or strontium form slowly. Others, as 
aluminium hydroxide, are very transparent and 
gelatinous in appearance, and may easily be 
missed. The precipitate of aluminium hydroxide 
becomes denser and settles on boiling [9]. When 
a precipitate is formed, its appearance should 
be noted before throwing it away. Thus, it 
is advisable to replace the test tubes in the 
stand until the condition of the precipitate is 
properly understood and carefully noted. The 
appearance of precipitates varies very much. 

Thus, a flocculent, 
or “clotty” pre- 
cipitate of silver 
chloride [6] is very 
characteristic, and 
easily distinguish- 
able from a fine, 
granular one, such 
as sulphate of 
barium [12J. After 
boiling, the preci- 
pitate settles more 
readily 1 11 J. When 
heating the contents of a test tube in a Bunsen 
flame, the tube should be held with the mouth 
pointing away from the operator, and the tulie 
constantly shaken ; there will then bt' less likeli 
hood of cracking the tube, and if the contents 
boil suddenly and spurt out. as they sometimes 
do, there is less danger of them striking the face. 

With these remarks, we proceed with the 
preliminary examination. 

Preliminary Examination. The sub- 
stance is assumed to be in a solid state. Note 
the colour and general appearance. Many 
metals have coloured ions and form characteris- 
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TYPICAL PRECIPITATES 

6. Sulphur 6. Silver chloride precipitate washed 7, Lead chloride fleshly precipitated 8. Lead chloride 

iccrystallised 9. Alumiuitiiti hydroxide 10. Silver ciiloi ide freshly precipitated 11. Eariuui sulphate after boiling 

12. Barium sulphate before boiling 


things can happen, and happen more easily in 
difficult analyses, if the student does not under- 
stand thoroughly what he is doing. 

Hints lor Practical Work, When 
working in the laboratory only small quantities 
need be used, both of the substance to be tested 
and of the reagent. If a quantity of the liquid 
to be tested sufficient to fill the test tube to a 
depth of J in. or so be taken, that will be ample. 
Compare 6 to 1?. The reagent should be 
added gradually, especially in the case of strong 
acids. The contents of a test tube should not 
be thrown down the sink directly after adding 


tically coloured salts — for in stance, copper, blue 
and green ; cobalt, blue and pink ; ferrous iron, 
green ; ferric iron, red to brown ; chromium, 
yellow to red. Mercury, lead and some other 
metals give characteristically coloured com- 
pounds, while those formed from others, such as 
aluminium, barium, etc., are generally white. 

Heat a little in a dry tube, preferably a narrow 
hard-glass tube, but a test tube will do, and note 
what happens. 

The following conclusions may be drawn: 

(1) If it changes colour— to black (carbonisa- 
tion), organic matter ; to brown, cadmium 
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XlZIte; to (wtdk, hot!, mne « 

ottfhomU, , 

(2) If it saUimes, note ootour and •'PP^* 
aaoe <»{ snhtimAte—fhMt k, the sabsUnoe thas 
oondenses from the fumes. !nie Rublimate may 
be white, mmm otumm eaUU, mercury anUmKm^ 
or 4 trmmc ; metallic mhrrw or gbbuws, mercmnf, 
areenic ; yellow or reddish ^obuies ^ molten 
sulphur, ^phur, sttlphidea, 

(3). If it give off a gas, these conchisionB may 
be drawn; 

Oxygen, chhrafee, nitrates, and peroxides ; 
carbon monoxide, oxalates; carbon dioxide, 
caritonates ; nitrogen peroxide, nitrates ; am- 
monia, ammonium salts ; sulphiir dioxide, aid- 
phites, thiosulphates ; sulphuretted hydrogen, sul- 
phides : hydrocyanic acid, cf^nides ; ddorine, kffpo- 
(Morites ; dilorine p^oxide, chlorates. The gases 
are identilied by their properties and reactions. 

Warm a little of the sobstanoe in a diy test 
tube with strong sulphuric acid, and note if 
a gas be given off. The foUowing oonclusions can 
be drawn according to the nature of the gas : 

Sulphur dioxide, sulphites, thiosulphates; sul- 
phuretted h 3 rdrogen, sulphides ; hydrocyanic 
acid, c^nides ; oxygen, chromates, peroxides, 
permanganates ; carbon dioxide, carbonates ; 
carbon monoxide, oxalates, formates, ferrocya- 
nides ; chlorine, hypochlorites ; chlorine peroxide, 
chlorates ; hydrochloric acid, chlorides. 

It is often stilted that sulphuric acid acts 
in this manner in virtue of its strength. Being 
a “stronger acid ” than, say, sulphurous acid, 
it is said to be capable of turning this latter 
acid out of its combination with a metal 
such as sodium, forming sodium sulphate, 
and liberating sulphur dioxide gas. This 
is not correct. Sulphuric acid is certainly 
one of the strongest *’ acids, but it is not in 
virtue of its stroigth '' that it acts in the 
manner above describe but because it is more 
stable, and less vcdatile than sulphurous ackL 
Sulphuric acid is itself turned out of combination 
by the weaker but less volatile phos^oric 
acid, 

Flamw Twata. A number of metaUk salts 
impart to a coknirless Bunsen flame a chanactm*- 
istic coloration. It is neoessaiy that the salts 
should be volatile, and the reaction is usually 
carried out by moistening a little of the solid 
substance with hydrochloric acid on a watch- 
glass, dipping a platinum wire into it, and holding 
the wire in the flame. The platinum wire must 
be thoroughly cleansed before use by repeatedly 
dipping into pure hydrochloric acid and holding 
in the flame until it no longer shows a reaction. 
The following is a list of the more characteristic 
colorations : 

Sodium salts, yellow ; potassium salts, violet ; 
barium salts, pale green ; strontium salts, bright , 
crimson; calcium salts, dull red. 

In addition to these a green colour is obtained 
with some copper, and manganese salts. 

Mere traces of these substances may be de- 
tected by using a spectroscope, which resolves 
the ]%ht into a number of coloured bands, the 
position and intensity of each being characteristic 
of the substance under examination. 
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Th* 1^ 

the student should be inotmm with Ofdiiikty 
mottUi Uowp^ (t*], in the wiB of which he will 
nnuire some little pnetioe before he is able to 
haad/e it pmperiy. 2Se Miboies of tite bamer 
afaould be closed, so that a small luminous flame 
is obtained. Ihe noszle of the blowpipe is placed 
in the centre of the flame, resting on the top of 
tile burner, and, on blowing steadily, a long, 
pointed, non-luminous, very hot flame will be 
produced. The flame consists of two sones — an 
outer, almost colourless at the tip, termed Ihe 
oxidising flame, and an inner, or blue zone, termed 
the reducing flame. For an explanation of the 
terms oxi^tion and reduction, see page 
1205. A little of the substance to be test^ 
is mixed with carbonate of soda, and placed in a 
small hollow in a lump of charcoal. The reducing 
flame of the blowpipe is then directed on to it, 
with the result that if silver, lead, bismuth, or 
antimony be present, tiny globules, or beads, of 
these metals will be produced. If a little 
potassium cyanide be mixed with the potassium 
carbonate, Hn and copper salts will also 1^ reduced 
to metallic beads. Iron is also reduced to a 
metal by this treatment, but the temperature is 
not high enough to fuse it. The resulting metal- 
lic powder is magnetic. The same applies to 
nickel and cabatt. The salts of zinc and cadmium 
yield in each case the corresponding oxide, which 
is white in the case of zinc, and brown in the case 
of cadmium. If compounds of zinc, aluminium, 
and magnesium be first heated on charcoal in 
the blowpipe flame, and then moistened with 
a solution of cobalt chloride, and finally re- 
heated, the mass turns green in the case of zinc 
compounds, blue with aluminium, and pale pink 
with magnesium. Certain phosphates also give 
a blue colour. 

Borax Boads. If tiie end of a piece 
of platinum wire be bent into a small loop, 
heated in the flame, and dip|Md into powdered 
borax, a little of the latter will adhere to the 
wire, and may be fused to a oolonriess bead in 
the blowpipe flame. Small quantities of metallic 
salts impart the foUowing characteristic colours 
to these beads when reheated ; 

Blue, cobalt and copper ; gre^, chromium ; 
yellow, iron ; amethyst colour, manganese. 
Theory of Solution^ Most of the tests 
we have so far considered beiong to the class 
of ‘*dry reactions.'’ In the systematic examina- 
tions we depend on “ wet reactions ” — that 
is to say, tests made with solutions both of 
the “ reagent ” and the substance to be tested. 

It will he as well before proceeding with the 
systematic examination to consider the form 
in which substances exist in solution, and the 
chemical mechanism involving the formation of 
a precipitate, in order that what follows may be 
better understood. All substances belong to 
one of two classes — they are either ciystauoids 
or colloids, although a substance can appear 
in both forms, [See Physios.] The wet 
reactions we are about to consider apply 
only to ciystallDids. If a substance appear in 
a cofloideef form (silica, some metallic sulphides, 
hydroxides of iron and alumina, and other 



bodies have this tendency) we must treat it in 
such a manner as to alter its condition [see 
Analysis of Silicates], because only crystalloids 
form true solutions. 

Acids, bases, and metallic salts, when dis- 
solved in water, are more or less split up (disso- 
ciated) into their components (ions), and it is by 
an interchange of ions that precipitates are 
formed. Berzelius, the Swedish chemist, origi- 
nated a dual theory of the constitution of 
chemical substances ; but since his day the dual 
theory has been considerably modified, and 
the modem theory of electrolytic dissociation 
explains in a truly marvellous manner the 
numerous chemical reactions with which we have 
to deal. It will suffice if we confine ourselves to 
the following essentials, leaving out all reference 
to electrolysis and kindred subjects. 


A^FLIKO OHEMISTHV 

It will be noticed that the kation hydrogen is 
characteristic of the acids, and the anion hydroxyl 
of the bases. On mixing together an acid and 
a base in solution the hydrogen of the acid com- 
bines with the hydroxyl of the base to form water 
H 4- OH HgO, which is not dissociated 
(or so slightly so that we can leave it out of 
account). There is left the anion of the acid and 
the kation of the base. In other words, wc have 
now in solution a salt, thus : 

H — -4- “ H — 

HCl and KOH yield H,,0 and KCl. 

Possibly the salt is only slightly soluble in 
water (no substances are absolutely insoluble in 
water) in which case it separates out — that is, a 
precipitate is formed. What happens is that 
the ions composing the insoluble salt cannot 
exist together in the frt'C state, or only in very 



APPARATUS USED IN CHEMICAL ANALYSIS 

13, Mouth l>lowi)ipe 14. Weivrhing bottle 16. Hi ass eights 16. Platinum weights 17. Heaker 18. Mash bottle 
19. Tiipod 20. Platinum crucible and cover 21. Pipeclay tiiaiigle 22, Crucible tongs 23, Desiccator 24. Poicclaln crucible 


Acids, Bases, and Salts. For our 

purpose we may regard these three types as 
composed of two ions, a positive or kation 
(metals including hydrogen and metal -like 
radicals, such ac ammonium, NHj), and a nega- 
tive ion or anion (non-metals including the 
hydroxyl OH, the halogens and the acid radicals 
SO 4 , NO.J, CO^, etc.). Using the signs 4 - (plus) 
for kation, and - (minus) for anion, the state of 
some of the commoner salts, acids, and bases in 
solution may be written graphically as follows : 
4-4- - 4- - 4- - 

H - Cl, H - NO„ HH - SO 4 , HH - COg. 

4- - -f - 4 - - - 

K - OH, NH 4 - OH, Ca - OHOH. 

+ --f - 4 - - 4- 

K - Cl, KK: - 8O4, NH4- NO„ Ch- SO4. 


dilute solution ; most of them combine, and, as 
tlie combination happens to be insoluble m 
water, the substance is prc‘cipitated. Such an 
occurrence is, however, much more commonly 
met with m mixing solutions of two salts together. 
In the mixed solutions we shall have four ions, 
and if by combination of two of tliem an insoluble 
substance is possible, it will be promptly formed, 
and a precipitate will appear. We may represent 
the two cases graphically as follows : 

_ 4 " ~ 

HCl & AgN 03 give AgCl (precipitate) & HNO,. 

4 — 4- — 4- — 

KCl & AgNOj give AgCl (precipitate) & KNO,. 

Mixtures of Soluble Salts. If on 
mixing solutions of two salts, say, potassium 
chloride and sodium sulphate — all possible 
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oornfainationB are solul^-m water — no precipi- 
tate will be formed ; but if we concentrate 
mixed solutions bv evaporating off the water, a 
point will be reached when one of the salts will 
Mgin to separate out. This may be any one 
of the four following : Potassium chloride, 
aodium sulphate, sodium chloride, or potassium 
sulphate. ■ It will depend entirely on which is 
the most insoluble in the solution at the tem- 
perature of the liquid. This most insoltAle 
saU tpiU separate out, whether it be one of those 
originally added or not. 

It is evident that there is no object to be gained 
by asking which of the four salts were originally 
in solution. They were all there potentially. 

Degree of Dissociation. A salt is not, 
however, wholly dissociated, except in an in- 
finitely dilute solution, so that both molecules of 
the salts as well as ions are present in the mixed 
solutions. 

Strong acids, bases, and the salts prepared 
from them, are the most completely dissociated of 
substances in solution. Indeed, the strength of 
acids and bases wiD be proportional to the number 
of free hydrogen and hydroxyl ions respec- 
tively. Thus, solutions of acids of strengths 
proportional to their molecular weights will con- 
tain a larger or smaller number of hydrogen ions 
according to the strength of the acid, and any- 
thing that ten-'s to reduce the proportion of 
hydrogen ions will reduce the strength of the 
acid. So, for instance, sulphuretted hydrogen 
gives no precipitate with zinc chloride in the 
presence of hydrochloric acid ; but, if an excess of 
sodium acetate be added, a precipitate is formed, 
because the concentration of the hydrogen ion, 
or hydrion, is reduced. First, acetic acid re- 
places hydrochloric acid, and, being a weaker 
acid, there is a smaller proportion of hydrogen 
ions ; and, secondly, the excess of sodium acetate 
still further reduces the degree of the dissocia- 
tion of the acetic acid, and a liquid is obtained, 
which for all practical purposes is neutral. Yet, 
note, this result has been obtained, not by adding 
a base to neutralise the acid, but by merely add- 
ing an excess of a nevjtrdl saU — sodium acetate. 

The All-important Ion. It is of the 

greatest importance for the student to realise that 
the properties of “electrolytes” (acids, salts, and 
bases) are the properties of the ions. It is the 
ions that react; consequently, the behaviour 
of the substance depends upon the nature and 
the number present. This fact simplifies very 
much the problems of analysis. We have not 
to learn the properties of the salts but merely of 
their ions. The ion chlorine will always combine 
with the silver ion to give a precipitate of silver 
chloride, whether derived from hydrochloric acid, 
potassium chloride, or any other soluble salt. 
On the other hand, no precipitate of silver 
chloride is obtained, say with potassium 
chlorate (KCIO.^), because it does not contain 
the chlorine ion, but the chlorate ion (CIO,). 
Examples of this sort could be multiplied in- 
definitely. It was formerly the custom to regard 
potassium platinochloride — the precipitate ob- 
tained from potassium chloride — as a double 


Bidt (2Ki01, PtCl 4 ), yet it (Kmtains no chlorine 
ion, and does not yield silver chloride with silver 
nitrate solution, but rather the silver salt of 
chloroplatinic acid (H^tOlg), dissociated thus 

4- - 

HH PtCI«. 

Our systematic examination wdll therefore 
comprise the reactions of the ions. As the 
old nomenclature is that still generally 
used, we shall still adhere to it ; thus, for 
instance, we shall speak of tests for chlorides 
instead of chlorine ions, for chlorates and not 
(CIO^) ions, and for salts of silver, mercury, 
and lead, and not silver, mercury, and lead ions. 
Professor Ostwald has written a treatise on 
analytical chemistry, mostly from the theoretical 
standpoint, in which the theory of electrol 3 rtic 
dissociation is employed systematically through- 
out. The student is referred to this for full 
information on the subject. He will find it most 
interesting reading. 

SYSTEMATIC EXAMINATION 

The metals are conveniently divided into five 
groups. We give below the group reagent and 
a confirmatory test for each metal. 

Group 1. Silver, mercury (mercurous) and 
Uad salts. All these metals give white precipi- 
tates of the chlorides with hydrochloric acid. 
We have already noted the properties of these 
precipitates. As confirmatory tests : silver — 
sodium hydroxide produces a light brown prr,- 
cipitate of silver oxide (Ag>0); mercury — 
sulphuretted hydrogen produces a black pre- 
cipitate of mercury and mercurous sulphide ; 
lead — potassium iodide produces a bright 
yellow precipitate of lead iodide (Pbl^). 

Group 2, Where no precipitate was formed 
on adding hydrochloric acid, or the precipitate, 
if formed, has been filtered off, the addition of 
sulphuretted hydrogen to the clear solution 
precipitates as sulphides : 

Mercury (mercuric), had, bismuth, cadmium, 
arsenic, arUirmmy, and tin. As the sulphides of 
these metals are diffeiently coloured, the pre- 
cipitate formed will help the student to dis- 
tinguish between them. If the sulphuretted 
hydrogen be added very gradually, the precipitate 
with mercuric salts is at first whitish, then change i 
rapidly from red and brown to black. Lead, 
bismuth, and copper form black precipitates 
(PbS, Bi Sj, CuS) ; cadmium, bright yellow 
(CdS) ; iin (stannous), dark brown (SnS) ; 
stannic, yellow (SnS^) ; antimony, orange 
(SbS,); arsenic, yellow (AsgSj. Sulphides 
of the last three metals differ from the preceding 
ones, as they are soluble on warming gently in 
ammonium sulphide solution. If lead has been 
present in quantity it will already have been 
detected in Group L 

Confirmatory Testa. Mercury (Mer- 
curic): potassium iodide produces a bright red 
precipitate of mercuric iodide (Hgl^). Strong 
solutions of bismuth salts, when diluted 
with much water, produce white precipitates, 
owing to the formation of basic salts. Thus, 
bismuth chloride yields bismuth oxychloride 
(BiClj BiOCl). 



Tbift feaotion may be thus represented: 

BiCJlg + HjO Bioa + 2HC1. 

The double arrows are intended to show that 
the reaction may take place in either direction. 
The proportion of BiCl, (soluble) to BiOCl (pre- 
cipitate) will depend entirely on the proportions 
of ^drochloric acid and water. 

The group BiO plays the part of a metal, 
and the chloride may be contrasted with silver 
chloride, thus : (BiO)Cl and AgCl. 

Copper : a piece of iron, such as the blade of 
a penknife, dipped into a solution of copper 
Baft becomes coated with a red deposit of 
metallic copper. 

Tin (stannous) : a solution of mercuric chloride, 
produces at first a white precipitate of mer- 
curous chloride (Hg^CL), which, on warming 
with an excess of tin salt, turns grey, owing to 
the formation of metallic mercury. The reac- 
tions are thus represented : 

2 HgCL, 4 - SnCIa = Hg,Cl2 + SnCl4 
Hg.A 4 - SnClg = Hg. 4 - SnCl4 

Antimony and arsenic: very minute traces 
of these metals may be detected by means of 
Marsh’s test. A current of hydrogen gas is 
produced by allowing a dilute solution of sul- 
phuric acid to act on pure zinc, to which 
a drop or two of platinum chloride has 
been added, to promote by galvanic action 
the evolution of the gas, which is led through 
a narrow glass tube. WTien the hydrogen has 
expelled all the air from the apparatus, the gas is 
lit at the end of the tube, and a small quantity 
of the test solution is then added to the flask. 
The flame becomes coloured, as it carries with it 
the gases ASH3 or SbH.,, and, on holding a cold 
porcelain basin to it, a metallic deposit of arsenic 
or antimony will be formed. A black stain in- 
dicates the presence of antimony, and a brownish 
and shiny mirror, arsenic. If this deposit be 
treated with a little sodium hypochlorite solution 
the arsenic stain will be rapidly dissolved, 
whereas the antimony stain will be unafiected. 
By heating the tube through which the gases 
pass with a flame, a metallic deposit is formed 
on the walls, and is further from the flame 
in the case of arsenic than with antimony. 

The hydrogen gas should always be tested 
before starting the experiment to see that it is 
pure and free from arsenuretted hydrogen 
(ASH3), as arsenic is a common impurity in 
zinc. Marsh’s test can also be applied to organic 
substances suspected to contain arsenic, and 
thousands of these tests were made after the 
cases of arsenic poisoning from beer a few 
years ago. This test is also one commonly 
employed in detecting minute traces of arsenic 
or antimony in the viscera in post-mortem 
examinations of persons suspected of having 
been poisoned. 

Group 3 . This group may be separated into 
two subdivisions. The first of Uiese comprises 
the metals iron, aluminium, and chromium, 
which are precipitated on adding to a fresh solu- 
tion of the substance to be examined an excess 
of ammonium chloride followed by ammonia. 

In the case of iron (ferrous salts), the precipitate 
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is whitish to dark green (Fe(OH)2). In the case 
of ferric salts, foxy red in. colour (Fe^(OH)u) i 
aluminium is precipitated white as aluminium 
hydroxide (Al2(OH)o) Chromium is only parti- 
ally precipitated. All these precipitates consis t 
of hydroxides of the metals. If no precipitate 
is formed, add a little ammonium sulphide, 
when precipitates will be formed of zinc sulphide 
(ZnS) (white) ; manganese sulphide (Mn8), 
(flesh coloured); chromium hydroxide (OtXoH\) 
— ^not the sulphide — (bluish green), nickel and 
cohaU sulphides (MS and CoS) (black). 

Confirmatory T ests. Iron (ferrous ) ; 
potassium ferro-cyanide produces a white pre- 
cipitate (K2Fe.^(CN)„), which turns blue on 
shaking in the air through oxidation to Prussian 
blue. 

Iron (ferric) salts ; potassium ferrocyanide 
produces a dark blue precipitate, Prussian blue. 
At first, the idea of testing for an iron salt with 
another compound of iron may seem strange ; 
but it is easily explained when we remember that 
the iron salts in question contain ferric ions, 
while potassium ferrocyanide contains another 
and more complex ion (Fe(CN),.), which, of course, 
reacts as a whole, and has different properties to 
the ferric ion. 

Aluminium : ammonium sulphide produces 
a white flocculent precipitate of aluminium 
hydroxide (AL(()H),.), the sulphide possfljly first 
formed being decomposed. 

Zinc : sodium hydroxide produces a white pre- 
cipitate (Zn(OH),), soluble in excess. Some 
of the best confirmatory tests for metals of this 
group have been given under Blowpipe Analysis. 

Group 4, This comprises three metals — 
barium, strontium, and calcium — all of which are 
precipitated as carbonates on 'dding ammonium 
carbonate solution to the h ' ’ to ' which 
ammonia and ammonium chloride . o-vc already 
been added. In all cases the carbonates are 
white precipitates. (BaCO j, Srt'O , and CaCO^) 

Confirmatory Tests. Barium : potas- 
sium chromate produces a yellow precipitate of 
barium chromate (BaCrO^), while calcium 
sulphate (CaS04) produces a white precipitate of 
barium sulphate (BaS04). Strontium: potassium 
chromate produces a yellow precipitate in con- 
centrated solutions only, while calcium sulphate 
produces a white precipitate of strontium 
sulphate (SrS04) on standing (the strontium 
sulphate is- formed in solution immediately on 
adding a soluble sulphate, but does not begin to 
separate out at once from dilute solutions owing 
to the phenomena of “supersaturation”). 
Calcium : ammonium oxalate produces a white 
precipitate of calcium oxalate (CaC204), insoluble 
in acetic acid. 

Group 5. We now come to the metals which 
are not precipitated by any of the foregoing 
reagents. They differ from those already con- 
sidered in that most of their salts (including 
carbonates) are soluble in water. Metals of this 
group comprise magnesium, potassium, ammo- 
nium, and sodium. Magnesium differs from 
the others in that it forms an insoluble phosphate. 
A solution of magnesia salt, containing ammonia 
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and ammonium chloride gives a white cj^stalline 
precipitate with sodium phosphate. ITiis pre- 
cipitate consists of magnesium ammonium phos- 
phate (MgNH4P04), and as it is slightly soluble 
in water it does not separate very rapidly from 
dilute solutions (supersaturation). The contents 
of the test tube should be shaken vigorously, or 
the sides of the test tube rubbed with a glass rod 
to induce formation of the precipitate. 

Confirmatory Tests. To a solution of 
a 'poUissium salt add one of platinic chloride, and 
stir well with a glass rod ; a yellow precipitate 
(K2PtCl(j) separates out. All ammonium salts 
smell of ammonia gas when warmed wdth alka- 
lies. Sodium: there is hardly a sodium salt which 
is not readily soluble in water, so that for all 
practical purposes we may say that sodium salts 
give no precipitates with reagents. 

The flame tests already mentioned will be 
found useful in testing for the metals of this 
group and the preceding one. 

EXAMINATION FOR ACIDS 

Besides the preliminary tests already described 
there are a number of wet reactions for acids of 
which we give below the more important. These 
tests apply to salts of the acids in question, and 
generally to the free acids as well. We can sub- 
divide them into groups as in the case of the 
metals. 

Group 1. Tnir. group comprises sulphuric 
acid and hydrofiuosilicic acid. The latter is very 
seldom met with. These acids and their salts, with 
barium chloride solution, give white precipitates 
(such as barium sulphate, BaS04), which are 
insoluble in hydrochloric acid, so that the pre- 
cipitate may be formed in the presence of hydro- 
chloric acid, or it may be added subsequently, 
when it will be noticed that the precipitate will 
not dissolve. 

Group 2. This group comprises acids which 
are precipitated by barium chloride, but these 
precipitates are soluble in hydrochloric acid, so 
that acid added to the precipitate rapidly dis- 
solves it. The group includes the acids carbonic, 
oxalic, boric, phosphoric, hydrofluoric, arsenious, 
arsenic, sulphurous, thiosulphuric, chromic, and 
iodic. 

Confirmatory Tests. The student should 
note that when he applies a reagent and 
makes himself acquainted with a test, he is 
learning at the same time a test for the reagent. 
Thus, we have explained how calcium salts can 
be tested for by means of a solution of ammonium 
oxalate. Oxcdalts can equally well be tested for 
with a solution of calcium salt. Thus in testing 
for an oxalate it is necessary merely to add 
(jalcium chloride to a neutral solution, when we 
obtain a precipitate of calcium oxalate whose 
properties we have already described. 

Boric acid : a piece of tumeric paper is dipped 
into a solution of a borate, such as common 
borax, acidified with hydrochloric acid, and 
afterwards dried. Boric acid is indicated by a 
red-brown colour. 

Phosphoric acid : a solution of ammonium 
molybdate in the presence of excess of nitric acid 
gives a yellow precipitate on warming gently. 
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Very little of the substance and an excess of 
ammonium molybdate solution should be taken. 
The test is a delicate one. 

Hydrofluoric acid : heat a little of the dry 
substance in strong sulphuric acid, when h3rdro- 
fluoric acid (HF) is evolved. The liquid in the 
test tube shows a characteristic oily appearance. 
If the reaction be carried on in a platinum 
crucible covered with a piece of glass, the glass 
will be etched by the action of the acid vapours. 

Arsenious and arsenic acids : solutions of 
acids must be first carefully neutralised with 
a little ammonia, when, on adding silver nitrate, 
a yellow precipitate of silver arsenite (Ag^AsOg) 
will be formed with the former, and a brown 
with the latter acid (silver arsenite, Ag.,A804). 

Sulphurous acid : nothin > is more charac- 
teristic than the smell of the gas when driven 
off on warming the solution with a little mineral 
acid. It has, moreover, the p( wer of turning a 
red solution of potassium bichromate green 
(reduction to a chromium salt). The test may be 
performed by lowering a glass rod with a drop 
of the bichromate solution on the end into the 
test tube, avoiding touching the sides. On re- 
moving the rod a little later, the drop hanging 
from the rod will be seen to have turned green. 

Thiosulphuric acid : mineral acids precipi- 
tate finely divided sulphur, while at the same 
time sulphur dioxide gas is given off. 

Chromic acid, : salts of this acid are well 
coloured. The precipitate with barium chloride 
is yellow. We may reverse the test for sulphurous 
acid, a little of which turns the yellow or red 
solution of the chromates green. 

Iodic acid : iodates are decomposed on heat- 
ing. The. residue readily yields vapours of iodine 
on w'arming with strong sulphuric acid. These 
violet vapours are very characteristic of the 
element. 

Group 3. Acids of Group 3 are precipitated 
by a solution of silver nitrate. We shall consider 
only those which are not precipitated by barium 
chloride. Those comprise hydrochloric, hydro- 
bromic, hydr iodic, hydrocyanic, and hydrosulphuric 
acid. The precipitates, consisting of the silver 
salts, are white or yellow, with the exception of 
silver sulphide, which is black. Silver chloride 
we have noticed when testing for silver. The 
precipitate is insoluble in nitric acid, but soluble 
in ammonia solution. 

Silver bromide is yellowish in colour. It is 
almost insoluble in nitric acid, but dissolves in 
strong ammonia solution. 

Silver iodide is yellow, and differs from bromide 
in that it is very sparingly soluble in ammonia 
solution. 

Silver cyanide, which is white, behaves almost 
exactly like silver chloride, but does not dissolve 
so readily in ammonia. It dissolves in excess of 
potassium cyanide giving KAg(CN),. 

Confirmatory Tests. Hydrochloric, hydro- 
bromic, and hydriodic acids .may be identi- 
fied by the liberation of the corresponding ele- 
ments — chlorine, bromine, and iodine — by heat- 
ing with sulphuric acid and a little powdered 
oxide of manganese. For the appearance and 
properties of these elements see page 1444 . 



CVamdes are decomposed by hydrochloric 
aoicC with the liberation of hydrocyanic acid 
(HON)* which has a peculiar odour, said to 
resemble bitter almonds, but, as a matter of fact, 
its smell is characteristic and not exactly like 
anything else. As it is extremely poisonous, care 
must be Udeen not to inhale too much of it. 

Group 4. This group comprises a few acids 
which are not precipitated by barium chloride or 
silver nitrate. They include nitric^ chloric, and 
perchloric acids. Nitric acid is easily detected 
by its action on copper. Copper shavings are 
readily dissolved either by the free acid or by a 
mixture of a salt and a little sulphuric acid, 
with the evolution of brown vapours (oxides of 
nitrogen) and the formation of a blue solution 
(copper nitrate). Another very characteristic 
test is to mix the solution to be tested with a 
solution of ferrous sulphate. A little strong 
sulphuric acid is carefully poured down the side 
of the tube, so that it sinks and forms a layer 
underneath the aqueous solution. The test tube 
is held under the tap to cool it thoroughly, and 
on holding it up to the light a brown ring will 
be seen at the juncture of the two liquids. The 
action of the sulphuric acid on the nitric acid 
is to liberate oxides of nitrogen, which give a 
dark brown or black colour with ferrous salts. 

Insoluble Substances. There are a 
number of insoluble substances which are very 
inert and require to be tested for carefully. 

Although insoluble in water and acids, silica 
is dissolved to a certain extent on boiling 
with strong alkali solutions, or better still by 
fusing it with a mixture of equal weights of the 
carbonates of soda and potash (fusion mixture). 
The fused mass is dissolved in water and acidified, 
when gelatinous silica separates out either at 
once or on concentration of the solution. 

We have omitted to mention all rare elements 
— some of which, however, are of considerable and 
increasing importance — as by doing so we should 
be introducing too many complications. For 
these the student must refer to larger works, 
specially devoted to the subject. 

Tests for Organic Substances. There 
are a number of organic substances to which 
routine tests are applicable. One or two of the 
more important may be mentioned here. 

Tartaric, citric, and malic acids: these acids, 
like oxalic acid, yield precipitates of the cal- 
cium salts — for instance, with calcium chloride 
in neutral solution. 

Tartaric acid can be further identified by the 
fact that a strong solution shaken with potassium 
chloride gives a white crystalline precipitate of 
acid potassium tartrate. 

Benzoic acid gives a yellow-brown precipitate 
with ferric chloride. The acid volatilised by 
heating in a tube emits a vapour of character- 
istic odour, which condenses again in the cooler 
parts of the tube. 

Catholic asid. Ferric chloride produces a violet 
colouration, but a similar colour is obtained with 
salicylic add. These two substances are related, 
and a smell of carbolic acid is evolved on heating 
salicylic acid with lime. 


QUANTITATIVE ANALYSIS 

In our discussion of qualitative analysis 
we have given an outline of the methods of 
ascertaining the nature of a substance ; \n this 
section we shall show how to determine the 
amount in which it is present, whether by itself 
or in admixture with other substances. 

This portion of our subject is divisible into two 
sections — analysis by weight, or gravimetric 
analysis, and by volume, or lolumetric analysis. 
Volumes are also meeisured in the analysis of 
gases, but this is usually treated under gas 
analysis. 

Gravimetric Analysis. '' Gravimetric 
analysis has for its object to convert the 
known constituents of a substance into 
forms or combinations which will admit of 
the most exact determination of their weight, 
and of which, moreover, the composition is 
accurately known ” (Fresenius). Thus, we shall 
suppose that one of the known constituents 
of a substance we are dealing with is sulphuric 
acid or a soluble sulphate, and that we require 
to determine (or estimat-e) its amount. We 
proceed to convert it into a substance of known 
composition, say the barium salt or barium 
sulphate, which can be separated and accurately 
weighed. As one equivalent of sulphuric acid 
will produce one equivalent of barium sulphate, 
we can calculate the amount of sulphuric acid 
present from the weight of the barium sulphate 
found. We have special reasons for choosing 
the barium and not some other salt such as tht‘ 
calcium salt. We have seen in our study of 
qualitative analysis that barium sulphate is very 
insoluble in water. It is, as a matter of fact, one 
of the most insoluble substan(5es known, and 
consequently well adapted for our purpose. 

Sulphuric Acid Estimation. We shall 
proceed to make an estimation of sulphuric 
acid. We may suppose that a careful qualitative 
analysis has already been carried through, and 
that the precipitate obtained with barium 
chloride solution in the presence of hydrochloric 
acid was fairly copious, pointing to a considerable 
proportion of sulphuric acid or sulphate present. 

About one gramme of the substance is accu- 
rately weighed off on a chemical balance [see 
age 61]. Substances to be weighed must never 
e put directly on to the scale-pan, but are 
weighed on a watchglass [2] or in a weighing 
bottle [14]. whose weights must first be deter- 
mined and deducted from the total weight found. 

Enter the weights in your book thus : 

Weight of watchglass + substance = 1*9472 gr. 
Weight of watchglass = *8315 „ 

.'.Weight of subiitance taken for 

analysis — 1*1157 „ 

The weights down to one gramme are made 
of brass [16 1 ; below one gramme usually of plat- 
inum [16]. For weights less than a centigramme, 
the rider attachment situated over the beam 
the balance is used. 

A weighing bottle should be employed if the 
substance to be tested is “ hygroscopic ’—that 
is to say, has the power of absorbing moisture 
from the air ; otherwise a watchglass will usually 
be preferred. 
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Removal of Insoluble Matter. Having 
weighed out the substanoe, it is dissolved in 
pure (that is, distilled) water in a beaker [17]. 
wmetimes the water should be heated to get 
the substance dissolved more quickly. We 
^ume here that it is soluble in water, 
or at any rate that wo are estimating only 
the sulphuric acid in the soluble portion. If 
there be an insoluble portion, it should first bo 
filtered o£F. For this pui^pose a circular filter 
paper is folded in four in the form of a quadrant 
[ 4 ], the flap opened and fitted into a glass funnel. 
The paper is then moistened with distilled water 
from a wash bottle [18] and fitted evenly against 
the sides of the funnel. The liquid is then poured 
dovTi a glass rod into the funnel, which should 
not be filled above three-quarters the height of 
the filter paper. When the whole has run through, 
the beaker is washed out three times with water, 
ihe washings being poured through Ihe filter 
paper so that the whole of the ‘soluble matter 
is collected in a vessel, such as a beaker, placed 
under the funnel. 

Precipitation as Barium Sulphate, 

ffydrochloric acid is added to the liquid, which 
'hould not more than half fill the beaker. It 
:3 heated to boiling on a tripod [19], and suffi- 
cient barium chloride solution added to precipi- 
tate the whole of the sulphuric acid as barium 
sulphate. For this purpose more than the 
theoretical quantity of BaClj will be required. 
The liquid is kept boiling for a minute or two 
Hnd the precipitate allowed to settle. When 
{•recipitated from a boiling solution, liarium 
sulphate settles more rapidly and is easier to 
filter. Compare 11 and 12 ; both arc barium 
sulphate precipitates which have been standing 
together ; 11 has been boiled and has rapidly 
settled, while 12, precipitated in the cold, only 
just begins to show signs of settling. The clear, 

“ supernatant ” liquid is poured off through 
a close-grained filter pafier. The “filtrate ” — the 
liquid which passes through — should be boiled 
for a few minutes after adding two or three 
drops more barium chloride solution to make sure 
:hat the whole of the sulphuric acid has been 
precipitated. With the aid of a jet of hot water 
from a wash bottle [18] the precipitate is trans- 
ferred from the beaker to the filter paper and 
washed further by means of a hot -water jet 
from the wash bottle until the filtrate is free from 
chloride (a few drops should give no cloudiness 
with silver nitrate solution). 

Igniting the Precipitate. The filter 
paper is allowed to drain and is then transferred 
bodily with the precipitate to a previously- 
weighed platinum crucible [20 j lying on a pipe- 
clay triangle [21] on a tripod [19]. Care must 
be taken not to tear the paper or lose any of 
the precipitate. The lid is placed on the 
crucible, and a Bunsen burner [3] with full flame 
set underneath. There is just a little spluttering 
at first; the lid is then removed, the crucible 
tilted a little to one side, and the paper charred 
and eventually burnt off to a white ash. After 
heating to redness for a short time, nothing but 
a small quantity of white substance — sulphate of 
barium and filter paper ash — remains at the 
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bottom of the crucible. Any dark portions left 
point to unbumt carbon from the paper. As the 
carbonaceous matter is liable to reduce the barium 
sulphate into sulphide, it is moistened when cold 
wdth a drop of nitr c acid to convert any sulphide 
into sulphate, reheated, cooled, and weighed. 

Weighing and Calculating. For 
most purposes the weight of the ash may be 
neglected or allowed for and deducted from the 
weight of the precipitate if great accuracy be 
insisted on. Packets of pure filter paper for 
quantitative work generally have marked on them 
me average w'eight of the ash. The crucible 
is hfted off the triangle by means of a pair of 
crucible tongs [22], best made of nickeb and 
deposited in a desiccator [23] to cool. The 
desiccator consists of a glass jar with cover 
having strong sulphuric acid or calcium chloride 
at the bottom so that, the air above being dry, 



the crucible and contents cool without ^-bsorbing 
moisture and increasing in weight. The crucible 
and contents are then weighed. 

Enter the results in your notebook thus : 
Weight of crucible + barium sul- 
phate = 19 4377 gr. 

Weight of crucible = 18 4312 ,, 

.’.Weight of barium sulphate = 1-0065 ,, 

This quantity of barium sulphate is equivalent 

to 1 0065 X = -3456 gm. (SOj) ; 
or, expressed in percentages : 

X 100 = 30 9 per cent. 

11 157 

In the foregoing we chose the estimation of 
sulphuric acid, and have given a full description 
of the chemical manipulations, as it is a deter- 
mination which has to be made in the technical 
laboratory as often as any other. Moreover, it 



|g ^ vnirireMl Mthod lor tiie determkiaticfa 
of Mdflifttaft. No satisfactory T^olumetric method 
has oeea devissd. Of ooorse, this does not 
apply to s^tioiui of the free acid. 

Analyom of Other Subatmncea. 

We are unable in the short space at our dis- 
posal to give specific instructions as to the carry- 
ing out of other gravimetric estimations, and 
must content ourselves with mentioning a few 
points in which modifications of the above 
method are necessary or convenient. Platinum 
crucibles [20] cannot always be used, as some 
substances, such as compounds of lead, attack 
and alloy with the platinum. In these cases 
a porcelain crucible [24] should be taken. As 
instances where this is necessary, we may men- 
tion : lead^ as lead carbonate (PbCO-,) precipi- 
tated from solutions of lead salts by ammonium 
earbonate in presence of a small quantity of 
ammonia ; zinc, as zinc carbonate (ZnCOs) 
precipitated with sodium carbonate ; silver, 
as ^ver chloride (AgOl) precipitated with 
hydrochloric acid. The precipitates in such 
cases as these cannot be put wet into the crucible, 
but must first be dried in a steam oven [25] 
and the dry precipitate separated as 
much as possible from the filter paper 
and ignited apart from the latter in 
the crucible. This operation should be 
performed with the crucible standing 
on a piece of glazed paper. The pre- 
cipitate may be detached by the aid of 
the clean blade of a penknife, and any 
substance spilt on the paper may bo 
afterwards swept into the crucible with 
a camelhair brush. The filter paper 
is folded up and securely held by wrap- 
ping a long piece of platinum wire 
round it ; the end of the wire is fused 
into a glass handle. The paper is 
burnt in the cage of wire formed in 
this manner and the ash is allowed to 
drop into the crucible containing the already 
ignited precipitate, so that all are weighed 
together. 

The Gooch Crucible. The method just 
described is somewhat tedious, and unless the 
greatest care be taken, some of the precipitate 
is sure to be lost. Such determinations as those 
of silver and chlorine are rapidly made in a Gooch 
crsu(;ible [26]. It consists of a platinum crucible 
the base of which is perforated with numerous 
small holes ; it fits into a filtering fiask similar 
to that shown [27]. Some short-tibrod asbestos 
thoroughly extracted with acids is poured into 
the crucible, and as the wat<^r drains away it 
leaves a plug of fibre on the bottom. This is 
then covered with the perforated plate seen on 
the right of the illustration 1 26], and on connecting 
the flask with an exhaust pump, most of the 
water is sucked out and fresh water may be 
drawn through, so that the asbestos is thoroughly 
washed. The crucible is then detached, dried 
in an air oven at 110° C., and weighed. The 
silver chloride is precipitated in the ordinary 
manner, and the liquid poured into the crucible. 
The aqueous liquor is sucked through into the 
iltOTing flask and the precipitate loft entangled 


in the asbestos. It is washed with distilled 
water in the usual mannM:, after winch the c^- 
cible is removed to the oven, dried and weighed. 
The difference in weight represents silver chloride. 
Results just as accurate are got by drying at 
1 10° C. as when silver chloride is heated to fusing 
point. There is no need to put in fresh asbestos 
each time a determination is made, as the crucible 
can be used several times before the accumula- 
tion of precipitates necessitates cleaning it out. 

More Important Estimations. We 
will indicate briefly the method of analysis in 
some instances not already treated of. 

Iron and aluminium : precipitate as hydroxides 
with slight excess of ammonia and ignite wet. 

Coj)j>er : precipitates as oxide with caustic 
potash or soda. If the liquid contain any 
organic matter it must be destroyed by con- 
centrating in an open dish or basin [28], 'with 
the addition of soda and nitre, and then fusing, 
redissolving, and preciphating. 

Sulpur, whether present as sulphides or 
free or contained in organic matter, must be 
oxidised with nitric acid to convert it into sul- 
phuric acid which can then be estimated as 
barium sulphate in the manner already 
described. Sulphides are readily oxidised 
by warming with strong nitric acid in a 
flask or beaker covered with a clock- 
glass, but many organic substances re- 
quire more drastic treatment. They 
must be heated with nitric acid to a high 
temperature — 200° C. to 

• SOO"" C. — and this can bo 
accomplished rmly by seal- 
ing them up with nitric acid 
in a strong glass tube [29] 
(Garins method) and placing 
the tube in a special oven or 
furnace [34]. The latter 
illustration shows the ends 
ooocH CUE raised and the 

iron tubes in “which the glass ones are placed, 
so that no damage will be done should they 
burst — a thing which not infrequently hap- 
pens, wlien they go off with a report, leav- 
ing nothing but a little powdered glass behind. 
In sealing the glass tubes care is taken to 
leave a fine capillary at the end [29] so that 
after a couple of hours, when the reaction is 
complete, the tubes are opened and the accumu- 
lated pressure released by fusing the end of th(' 
capillary without taking the glass tube out of 
the iron one. All danger is thus avoided. The 
pressure released, the tube is cut into halves and 
the contents washed out into a beaker and precipi- 
tated with barium chloride in the usual manner. 

Chlorine in soluble salts may be precipitated 
directly with silver nitrate, but when contained 
in organic substances it must first be liberated 
in the form of chloride by heating with nitric 
acid in a sealed tube in the manner just described. 
A crystal or two of silver nitrate is put into the 
tube, so that on opening, the silver chloride has 
only to be washed out into a Gooch crucible and 
weighed. 

Magnesium. Soluble salts are heated with 
ammonium chloride, and made very slightly 
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alkaline with ammonia. An excess of sodium 
phosphate is added, and the liquid is stirred for a 
minute or two. When the precipitate has formed, 
add more strong ammonia, and put aside to 
stand till the next day. Filter off, wash with 
ammonia solution (1 in 12), and ignite. The pre- 
cipitate of magnesium ammonium (MgNH4p04 
OHgO) is converted by ignition into magnesium 
pymphosphate (Mg.p.,07), in which form it is 
weighed, all the volatile water and ammonia 
being driven off. 

Phosphates may be estimated by the above 
process for magnesium. 

Antimony may be estimated by precipitating 
it from an acid solution as the sulphide (Sb^S;)) 
by saturating with sulphuretted hydrogen gas. 
Strong solutions, of antimony chloride are pre- 
cipitated on dilution with water ; tartaric acid 
added to the liquid prevents this. There are 
certain difficulties in the way of weighing sulphide 
of antimony, as it decomposes when heated in 
air. It must either be dried by heating in 
hydrogen gas (w’hich can be conveniently carried 

^ Gooch) 

V oxide 

28. rOKCEjAIN BASIE weiglSl^ 

Arsenic is precipitated as sulphide (As^^Sa), 
collected in a Gooch, and dried at 100^ C, 

Tin is also precipitated as sulphide, and on 
igniting is converted into the oxide (SnO.^), in 
which form it is weighed. 

Mercury is precipitated as sulphide (HgS), col- 
lected in a Gooch, dried at 100° C., and weighed. 

Carbonates. As carbonic acid is widely 
distributed both as a constituent of the atmo- 
sphere and as a component of minerals, its 
estimation is a matter of con- 
siderable importance. Besides 
the methods already given, 
there are others depending on * 1) 

the decomposition of carbon- 5 

ates and the measurement of 
the gas evolved either by 
weight or by volume. The determin- > 

ation by weight is carried out by r |i J 

placing a weighed amount of the t ■ ^ 
substance in a flask fA, £0] provided I I 
with a rubber cork pierced with two f p 

holes. Through one hole passes a ( ^ ) — 

pipette, B, closed with a piece of 
rubber tubing and a pinch cock. This 
pipette is filled with acid before the experiment. 
Through the other hole passes an Outlet 
tube connected with two or more U-tubes, 

C C, filled with an absorbent for carbon dioxide 
such as soda lime. These tubes are weighed 
before starting the experiment. By opening 
the pinch cock, the acid from the pipette 
(this must be a non-volatile acid such as 
sulphuric) is allowed to enter the flask in small 
quantities at a time, so that the carbon dioxide 
is given off in a slow stream, and is absorbed by 
the soda lime. Tlie second U-tube should remain 


cool, showing that practically all the gas is 
absorbed in the first one. Wnen the action is 
complete, the carbon dioxide remaining in the 
flask is draAvn into the U-tubes by the aspirator 
D. The air drawn through the 
should be freed from 
carbon dioxide by passing it 
through the soda lime tube, 
E, and a wash bottle, P, 
mok containing strong sul- 

IB P™" W phuric acid to retain 

1 ;■ moisture, should be in- 

terposed between A and 
^ m C. ^ The U-tubea, C C, are re- 
ifflll i \ l^be increase in 

[■ilffl llilf 1 represents carbon 

iIHIIhLIw^ If the flask A be removed 
27 FLASK FOB 

riLTERiNO UNDER °Pen to the atmosphere, and 
ptjwsjqtttjto definite volume of air be 

sucked through the tubes by 
running out and measuring the water from D, 
we have an apparatus for estimating the amount 
of carbon dioxide gas in the atmosphere. 

Measuring Moisture. Moisture has fre- 
quently to be measured, as substances which have 
been exposed to the air are never dry. The 
simplest method is to place a weighed quantity 
of the substan(;e in an open dish, watch or clock 
glass, also previously weighed. Then heat in an 
oven [25] at 100° C., or a little higher, till the 
substance ceases to lose weight. The loss of 
weight will give the moisture* or water con- 
tained in the substance. 

This method is simple and accurate, provided. 


29. CARIUS TUBE 

first, that the substance contains no other volatile 
matter, which would be driven off and lost with 
the water ; and, secondly, that it does not take 
up oxygen (oxidise) during the heating. Most 
mineral substances, but few organic ones, comply 
strictly with these conditions. Some bodies (such 
as iodine and naphthalene) are far too volatile 
C=3 a □ admit of treat- 

=1“ "■=!“ ment in this man- 

M ^ ner, while others, 

C C ^ C I as rosin, are 

L U J I U J C... ^\\ slightly vola- 

^ I tile, so that the 

tt results are good 

I enough for most 

i I purposes, although 

80. APPABATUS u not strictly accur- 

FOB- ESTiMAT- ft ato. Oils oxidise 

ING CARBONIC ft and increase in 

L.»__ ft weight, as also do 

ft substances such as 
wood pulp, but the 
action is slow, and seldom leads to serious error. 
Sometimes the moisture in mineral substances 
is held very firmly (water of constitution), 

and a much higher temperature than 100° C. 
is required to drive it off. The same prin- 
ciple can be made use of as already described, 
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but the watchglass must be replaced by a 
crucible, and the temperature, if necessary, 
raised to a red heat. Unfortunately, the sub- 
stance frequently suffers other chemical changes 
at these high temperatures, so that in many 
cases the water cannot be estimated by difference. 
In such cases the substance is heated in a 
hard-glass tube, and the moisture drawn over 
weighed U-tubes containing calcium chloride, 
the water being directly estimated, as in the 
case of carbon dioxide absorbed in soda lime. 

Silicioua Materials. The analyst is 
frequently called upon to examine substances 
such as cement, clay, fireclay, and firebrick, 
silicious limestones and dolomites, sand, iron 
ores, slags, and numerous other substances 
containing silica, and we shall now consider the 
best methods in such cases. 

Some substances, such as iron ores, limestone, 
lime, magnesite, dolomites, and cement are de- 
composed on repeated treatment with strong 
hydrochloric acid to whic'h a few drops of nitric 
acid have been added, leaving a residue (on- 
sisting of silica. A portion of this tends to re- 
main in solution, owing to the persistency of the 
colloidal state, and is rendered insoluble only by 



33. GLASS BLOWPIPE 


evaporating down the mixture in a porcelain dish 
and heating the dry residue for half an hour at 
about 150° C. The “ baked ” mass is then 
treated with a small quantity of strong hydro- 
chloric acid, stirred up with a glass rod, and the 
insoluble silica filtered off and washed with hot 
water. The residue may be ignited straight 
away and weighed as described for barium 
sulphate. The solution contains iron, aluminium, 
calcium, magnesium, etc., as chlorides, which 
may be estimated by methods already described. 
Of course, the iron and alumina must be first 
precipitated, and the filtrate carefully preserved, 
as this will contain calcium and magnesium. 
The calcium is precipitated as oxalate, and the 
mj^esium estimated in the filtrate. 

Analysis by Fusion with Alkali. In 
the case of many silicious substances the decom- 
position with acids is not sufficiently complete for 
analytical purposes. This applies to some of the 
substances mentioned in the preceding paragraph 
—cement, for instance — idthough for many 
purposes the acid treatment gives good enough 
results, and is, besides, a rapid method. It 
cannot, however, be used where an exact analysis 
i£ required. In either case, the substance to be 


analysed must be very finely powdered, not 
always an easy matter. Some substances when 
they come to hand are already in a finely divided 
state, as clay and cement ; but a portion from 

which the sam- 
O pie for analysis 
H is to be taken 
H should always 
be reground in 
j |l|^^>nagate mortar 

32. STEEL » F- 

31. AGATE MORTAR MORTAR ticles 

which 

are always present. Iron ores are often very hard, 
and must firat be crushed in a steel mortar [32], and 
then powdered in the agate mortar. Weigh out 
accurately about one gramme of the material into 
a capacious platinum crucible [20], and add about 
eight grammes of the mixture of equal parts of 
pure dry carbonates of sodium and potassium — 
“ fusion mixture ” — which haii a lower melting 
point than either carbonate by itself. Mix 
thoroughly with a glass rod, cover with the lid, 
and heat on a clay triangle, first with a small 
flame, and then gradually increasing its size 
until the gas is full on, finally heating for a 
quarter of an hour over a blowpipe flame. The 
mouth blowpipe will not do ; you will want a 
gas blowpipe [33] fitted with foot blowers [37], 
The contents of the crucible should be at a bright 
red heat and in a state of gentle fusion. Take 
the crucible firmly in a pair of tong-^, and while 
still red hot plunge it to about half its height into 
a basin of cold water. This cools the “ melt ” 
rapidly, so that on solidifying it usually cracks 
away from the sides, and is easily rem,oved. 
Place the crucible on its side in a deep porcelain 
dish, cover with water, and gently warm on 
a water bath [35] till the contents come away, 
when the crucible is removed, and rinsed with 
a jet ol water so as to retain everything in the 
dish. Cover the dish with a clock-glass and run 




in hydrochloric acid very carefully down the lip 
of the dish. The addition of acid is continuecl, 
keeping the dish covered with the clock-glass 
all the while until effervescence ceases. In this 
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manner, particles of liquid spray are caught on 
the undei surface of the clock-glass and drip 
back into the dish. The 
clock-glass should, of course, 
be placed convex side down- 
wards, Remove it, and 
wash any drippings back 
into the dish, and continue 
heating on the water bath 
till the contents are dry, 
then place in the air oven 
and heat to 150° C. for half 
an hour, to render the silica 
insoluble, and continue the 
analysis exactly as before. 

Sampling. We have 
assumed that the portion of material selected 
for analysis is a representative sample of the 
whole. To ensure this, special precautions 
have to be taken, as most materials for 
analysis are by no means uniform through- 
out, Take, for instance, a delivery of several 
tru(‘kload^ of coal. It will probably include 
material from different parts of the seam , and 
even if we analyse different portions of a 
single lump, it will not found to be 
uniform throughout. In the case of coal, 
ores, clay, and numerous other substances, 
it is at least as important to procure a fair 
sample as to make an accurate analysis. 
Supposing the t ucks are being unloaded at 
the works, the chemist removes small quan- 
tities, say a pound or two at a time, with a 
shovel or other suitable instrument, 
every now and again at some con- 
venient point — say, where the ma- 
terial is being taken by an elevator 
to stormg bins. These samples are 
thrown out on to an impervious 
door and thorougly mixed and divided 
into four quarters or heapi . Tw'O of 
the diagonally opposite heaps are removed, and 
the remaming two remixed, and again divided into 
four, and the process re- 
peated. At a certain stage 
large lumps must be broken 
up, and the division repeated, 
until we are left with only a 
few pounds of lumps and 
powder, not larger, say, than 
walnuts. These are taken 
to the laboratory, crushed 
further in a mortar, and 
dividing operatione repeated, 
with forther grinding at 
suitable stages, until we 
a^e left with only a few 
grammes of the finely pow- 
dered material for analysis. 

If the process has been 
properly conducted, the 
sample, amounting to only 
a few grammes, will be 
fairly representative of several tons of the 
material which we started to examine. 


The Calcimeter. In the cement industiy 
and some others, rapid estimations of carbonate 
have to be frequently made, 
and for this purpose some 
form of calcimeter is 
generally used. In cement 
works it is necessary to 
make regular tests of the 
slurry [see page 1580] to 
ascertain the proportion of 
chalk it contains. 

A small quantity of the 
slurry is dried, weighed, and 
introduced into the bottle 
shown on the right-hand side 
of the illustration [36] This 
bottle is provided with a short tube, which rests 
against the side and holds rather more than 
sufficient acid to decompose the chalk con- 
tained m the slurry. On inclining the bottle, 
the acid flows out of the tube, and, com- 
ing into contact with the slurry, liberates 
carbon dioxide gas This gas finds its way 
into the middle vessel, which stands in 
connection with a long graduated U-tube 
containing water. Before starting the ex- 
Iieriment the levels of water m this tube are 
adjusted by means of the bottle and rubber 
ball seen on the left. The air driven out of 
the middle flask by the carbon dioxide gas 
displaces water in the graduated limb of the 
U-tube, and on adjusting the levels again 
the volume of carbon dioxide may be directly 
read off A correxjtion has to be 
made for the amount of gas absorbed 
by the acid in the bottle. Of course, 
this method is suitable only where 
rapid estimations are required, as the 
results are probably not correct to 
more than half of one per cent. 
It is hope d that this short account 
of some of the more important analytical opera- 
tions will give the reader an insight into the 
principles on which the science 
is bised. He will, however, 
find a number of analytical 
processes described in the 
subsequent sections of Appli( d 
Chemistry, Kjedahl’s nitrogen 
estimation under Glues and 
Adhesives, the analysis of 
nitrates and phosphates undei 
Manures, and food and water 
analysis under the various 
food sections. The subject of 
volumetric analysis has been 
omitted as it could not be ade- 
quately dealt with in the space 
at our disposal. For further 
study we recommend the text- 
book of Clowes & Coleman, or 
the standard work on volu- 
metric analysis by Sutton. 
Most of the illustrations in this article are from 
apparatus supplied by Messrs. Baird & Tatlock 
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PHOTOGRAPHERS 

For those who have an artistic taste, combined 
with a knowledge of the art of photography, 
professional photography offers good prospects. 
It is usual to decry photography as a business 
on account of the enormous number of amateur 
photographers which, it is imagined, spoils the 
field for the professional. Curiously enough, 
the number of persons who seriously practise 
photography as amateurs is comparatively small. 
The average amateur who possesses a camera 
docs not turn out presentable work His friends 
gaze at his attempts and say, “ Very well for an 
amateur,” which is only another way of saying 
that the professional is not seriously rivalled by 
the amateur. If anything, the public learn, from 
seeing the productions of an amateur, that photo- 
graphy is not the simple art it appears to be at 
first sight. It is also a fact that amateur photo- 
graphers invariably patronise the professional 
when they require presentable photographs of 
themselves or their relatives. 

Apprenticeship. A boy with the proper 
aspirations should be apprenticed to a good 
country business when he has reached the age 
of sixteen. In some cases a premium of £20 
to £30 is asked ; in others no premium is paid ; 
and, again, omall salaries are not unusual. A 
boy learns just as much at places where he 
receives a salary as where a premium is 
paid. The young beginner is taught printing, 
toning, developing, and mixing up solutions for 
a > ear or so, and is then introduced to the studio, 
where ho helps in the operating, until he is 
competent to operate himself. Retouching is the 
last department taught. During these three 
years the young man should attend evening 
classes at the local science and art school. In 
London the excellent* courses in photography at 
such institutions as the Polytechnic cannot be 
too highly recommended. The country lad 
should not, however, be discouraged by the lack 
of classes on photography in his town, but should 
occupy his evenings at the art classes, ajnd go 
through a course of elementary chemistry, light, 
and heat in a science school. 

Remuneration. The salaries paid in the 
business of a photographer are from SOs. to 458. 
a week, the amount depending on the experience 
of the assistant, and on his ability as an operator. 
Many women are engaged in certain departments 
of the photographer’s business, and they are 
quite successful as reception-room attendants, 
retouchers, printers, and mounters. The salaries 
paid to women range from 15 r. to 308 a week, 
according to experience. 


The Professional Photographers’ Association 
has devised a “ registration certificate ’’ scheme for 
assistants. There has not yet been time to judge 
whether the scheme will be successful, but it may 
be added that it does not involve examination — 
merely a consideration of experience in the 
various departments of the business. 

Starting in Business.. To begin business 
is the aim of most assistants, but this stof) 
should not be taken until experience has lieen 
obtained in three different studios. Whether 
the photographer decides to buy an existing 
business or to start a fresh one is a question 
which circumstances must decide. As a rule, it 
costs the same in the long run, liecause, although 
the established business has a certain amount 
of goodwill attached to it, there is sometimes a i 
undesirable reputation which neutralises the 
advantages. A photographer who starts a new 
business can soon make a reputation if he 
delivers his work promptly. The writer remem- 
bers a case in which the photographer built up 
a lasting reputation by delivering the finished 
photographs within three days of the sitting. 
It is a fact, however, that a l^ginner has often 
to make his name chiefly by work outside his 
studio. Ho will need to cater for work by taking 
local views, but should make a point of alwriys 
being in his studio at certain times of the day, 
or he will never be able to build up a home 
business. As soon as the business is large enough 
to support an experienced assistant, most of 
the difficulties outlined above disappear. 

Capital Required. It is hardly possible to 
state an exact sum as necessary for one starting 
the business of a photographer. Many have 
started on £20 or £50, but to start in a fairly 
comprehensive manner needs from £200 to £300. 
A studio, for instance, may cost £50 to £100, and 
the camera from £10 to £30. In the following 
estimate, a medium class of business has been 
taken as a basis of calculation : 


Portable studio £60 

Furniture and carpets 20 

Backgrounds and accessories 20 

Camera, lens, and stand 25 

Dark-room UttingB 10 

Apparatus (printing frames, retouching desk, washer, 

trimmer, rolling press, etc.) 10 

Mounts and stationery 10 

Plates, paper, and chemicals 10 

Miscellaneous (Including advertising) 15 

Working capital 20 


£200 

Premises. The above estimate provides for a 
portable studio, but it may be that waiting-rooms 
and dark-room will also have to be provided. 
Usually these last-named are the ground-floor 
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rooms of a house, and lead to the garden, where 
the studio is situated. Rents are higher in 
town, but a business is built up sooner than in 
the suburbs. Many town business premises are 
handicapped by having no shop window, the 
show-cases in a doorway being a poor substitute. 
If possible, have a shop window at disposal. 
The outside should be painted in a quiet colour 
— cream or plum colour are favourites — while for 
the inside of the window brown is to be recom- 
mended, as it shows up carbon and platinotype 
portraits best. The floor of the shop or reception 
room should be linoleum (self -colour), ana the 
walls look nice if papered olive green, with white 
paint. The rule should be to avoid a pronounced 
colour. The furniture must bo in good taste if 
a good-class business is to be cultivated ; an 
oak gate-leg table and antique chairs help to 
give an air of culture, which educated people 
appreciate. Conventional furniture is not to be 
despised, and as customers have to wait some 
time, care should be taken to have comfortable 
chairs. Adjoining the studio a dressing-room 
should be provided. 

The Studio. The studio is the most im- 
portant consideration. It must be disposed so 
that the light is received from the north, or 
preferably from a north-easterly direction. The 
length of the studio should be not less than 24 ft. 
and the width ’ 2 ft., although it is better, if space 
permit, to make it 35 ft. long by 18 ft. wide. 
Tlie pitch of the roof is usually 35 to 45 deg ees, 
the height to ridge being about 14 ft. 

As regards the studio camera equipment, an 
average specification would be a 12 x 10 set, to 
cost, complete, £25. The camera is fitted with a 
dark slide to take one 12 x 10, one 10 x 8, one 8^ x 
fij, two boudoirs, two promenades, two cabinets, 
and two carte-de-visite pictures, A good portrait 
lens and massive stand is also included. Many 
photographers start studio work with an ordinary 
outdoor outfit, with rapid rectilinear lens, and 
purchase proper studio apparatus as means 
permit. The other contents of the studio will be 
three backgrounds — a reversible neutral -coloured 
background, and one outdoor and one indoor 
sc^ne — a head-rest, rugs, palms and grasses, 
and a few pictures for the walls. 

The heating of the studio is best managed by 
m^^ans of a “ syphon ” gas stove or by hot- water 
radiators, and it is essential that the studio be 
comfortably warm in winter, or successful results 
cannot be expected. The method of fitting up 
a dark-room is explained in the article on 
Photographic Dealers, which follows. 

Mounts. The tints of mounts are numerous, 
but two kinds of mounts are well defined — 
Bristol and enamelled board. It costs about 5s. 
per thousand to have the photographer’s name 
stamped on back and front of mounts, the price 
depending upon whether gold or colour is used. 
The table in next column gives approximate 
prices of the various mounts in use by photo- 
graphers. 

TTiese should be supplemented by a selection of 
circles and ovals, slip-in mounts, and mounts 
with greetings embossed upon them. 
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Name. 

SiM 



Approxim»t« Price. 

Midget 

2J by 

if 

3b. 6d. 1.000 

Victoria Midget 


4s. 6d. 1,000 

Cabinet Midget 

4j - 

u 

4b. 6d. 1,000 

Promenade Midget 

3 } „ 

If 

4«. 6d. 1,000 

Boudoir Midget 

3^ 

2 


6s. 6d. 1,000 

Panel Midget 

4* „ 

If 

6s. 0d. 1,000 

Carte-de-ViBlte 

- 

2f 

6s. 6d. to 168. 1,000 

Cabinet 

4f 

168. to 308. 1,000 

Promenade . . 

4 „ 

4 


5b. 9d. to 7 b. 6d. 100 

Boudoir 

8i „ 

5 


78. to 08. 100 

Imperial . . . . 

10 

.6 


13b. to 168. 100 

Panel 

13 

7 


48. to 4 b. 9d. 100 

Large Panel . . 

17 

10 


6g. to 78. 6d. 100 

Grand Panel 

23 „ 

13i 


108. to 138. 100 

VIEW AND GROUP MOUNTS 

I Plate 

4i by 

3i 1 

08. 6d. to 208. 1,000 

— .... 

6 M 

4 


158. to 308. 1,000 

i Plate 

Stereoscopic 

7 „ 

1 

3,V 1 

22b. to 50 b. 1,000 

»» • • 

71 



> 28. to 108. 100 

*» 

8* 

64 

J 

— 

10 

8 


6b. 3d. to 128. 100 

— 

12 

10 


08. to 26 b. 100 


Tissue paper covers for photographs, pro- 
tector bags, and postal wrappers will be needed 
as well as memorandum forms and bill-heads. 

A registration system for negatives must be 
inaugurated, a ruled book being provided in 
which the name and address of each sitter is 
entered with date and other particulars. The 
stock of negatives ought to be stored in a dry 
place and be put in order so that there \nll 
be no difficulty in finding a particular negative. 

Selling Prices. Vary according 'to the 
class of tr^e. The following are average prices : 
midgetSy 48. 6d. to (>s. dozen silver prints, 7s. 6d. 
platino ; carte-de-visite, Ts. to Ss. fid. dozen silver 
prints, lOs. fid. to 12s. platino ; cabinet, 15s. 
to 24s. dozen ; bovdoir, 18s. to 208. dozen 
to 35s. dozen ; panels, lOs. fid. to 15s. each ; 
wpjddivg grovps, whole plate, one to two guineas, 
including three to six copies. 

Copyright. In the case of ordinary photo- 
grapln the cop;,Tight belongs to the person 
who pays for the sitting unless it is expressly 
reserved by the photographer. A book of forms 
should be provided for the latter purpose if the 
extent of the business allows it. The wording 
of the form is usually something like this : 

“ In consideration of your allowmg me a 
reduction from your usual terms for taking 
photographs of mo or on my behalf this day, 
I hereby agree that the copyright in such 
photographs shall l>e reserved to you, and that 
1 will not deal in any way with the photographs 
to prejudice your interest in the copyright.” 

The reduction should be stated, and the agree- 
ment stamped with a sixpenny stamp, dated, 
filled in with the names of the parties, and 
witnessed. 

Copyright in artistic property can be registered 
at Stationers’ Hall, Ludgate Hill, London, E.C., 
the fee being Is. Registration is necessary 
before a legal action can be taken against anyone 
infringing a copyright photograph. The Photo- 
graphic Copyright Union, 23, Soho Square, 
London, W., and the Professional Photographers’ 
Association, 51, Baker Street, Loudon, W., are 
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useful societies for professionals; the sub- 
scription in each case is small. The Copyright 
Union recommends the adoption of a minimum 
reproduction fee of 10s. 6d. to a guinea according 
to the size. This is for newspaper work. For 
advertisement purposes the charges are higher ; 
for postcards 1&. 6d. per 1,000 is a usual charge. 

ClaM of WorK. Photographer’s work is 
very varied. It includes copying old photo- 
graphs, enlarging pictures by bromide, carbon, 
or platinum processes, architectural work, 
photographic enamels, flashlight groups of 
dinners, lantern slides, transparencies, and 
photographs for the Press. In the old days, 
unmounted and mounted views had a large sale, 
but this has all disappeared before the ubiquitous 
picture postcard. Picture postcards are either 
direct photographs or collotypes. Collotype post- 
cards cost 16s. Cd. per 1,000 if six subjects are 
taken, while for a set of 60 subjects the charge 
is 08. 6d. per 1,000 if 10,000 are taken. Bromide 
postcards cost from 7s. to 12s. per 100, according 
to quantity and number of subjects. In the case 
of photographs for the Press, half-plate prints 
full of detail are preferred. A country photo- 
grapher should arrange with an agent in London 
who sells photographs on commission to the 
various newspapers. The work needs to be 
done quickly. For dinner and ball-room groups 
a good flashbght apparatus is needed. Some 
photographers make a speciality of machinery 
photographs, and now that photographs are so 
much used for illustrating catalogues, this 
branch should by no means be neglected. 
For this class of work an air-brush, costing 
about seven guineas, is almost a necessity, as 
large spaces have often to be stopped out or 
retouched before the picture is fit for repro- 
duction. Enlargements, miniatures, and fancy 
printing on opal, etc., are at first best left to 
trade printers, but the first-mentioned branch 
can easily be undertaken by the photographer, 
and it pays well it a special line be made of 
framed enlargements. 

A side line neglected by professional photo- 
graphers is the supply of plates, papers, and 
apparatus to amateurs. The article on Photo- 
graphic Dealers should be consulted for .details 
of this trade. 

Frames and Framing. A valiable ad- 
junct to the photographer’s business is the sale 
of photograph frames. It is no use going in for 
this department unless the photographer has a 
really fine selection of frames and in all sizes — 
round, square, landscape and midgets. There 
are several styles which allow the frames to be 
used either upright or lengthways — for views or 
portraits. Midgets with round or oblong open- 
ings cost 38. 6d. per dozen and sell at 6d. each. 
Carte-do-visites with round or oblong openings 
cc^t 5s. per dozen, and sell at 9d. each. Cabinets 
with round or oblong openings average 7s. Gd. 
per dozen, and sell at Is. each. The panel cabinet 
size frame either round or oblong costs Ifis. per 
dozen, and sells at 28., while the boudoir frame 
^sts 178. per dqzen and sells at 2s. 6d. Picture 
Yarning [see Picture Framers] should also be a 
department of a photographer’s business. 


Advertlaing. Advertising is much neg- 
lected by photographers. If more price lists 
were distributed more people would be led 
to have their pictures taken. Make a special 
offer of a certain style of photograph or 
enlargement, but in so doing do not make 
a mistake of cutting prices ; rather, make 
the quality and style better than charge a 
cheap-jack price. \^en sending home proofs 
enclose a price list of various styles in which the 
photographs can be printed, even though the 
customer has paid for the sitting. In many 
cases a few additional prints are ordered 
because some variation in style is fancied. The 
proofs sent should be from retouched negatives, 
and are best on printing-out paper. They 
should be stamped to be returned,” and, in 
case of neglect, should be charged for in the 
number ordered. 

Profits. The photographer should obtain 
good profits, as his business is not on a par with 
one where goods are simply handed over the 
counter. Each customer has to be studied so as 
to get the best results in a photograph, and con- 
siderable artistic ability is required to retouch 
a negative and finish a photograph. These 
must be paid for as they involve an expenditure 
of time. The writer, endeavouring to work 
out the cost of carte-de-visites and cabinets 
on printing-out paper arrived at the figures 
38. and 5s ; on platinum, the cost would be 
4s. and Gs. 6d. As a matter of fact, it is 
not possible to arrive at the exact cost as 
it varies according to the extent of the busi- 
ness, but it may be taken that the gross profit 
is 50 per cent, on the turnover. A source of much 
loss with many photographers is the waste of 
material that goes on. Spoilt plates and paper, 
and wasted solutions, especially if the last- 
named contain the precious metals, account for 
a respectable leakage in profits. The leakage 
can be stopped by proper supervision and 
systematic working. 

PHOTOGRAPHIC DEALERS 

Photography is essentially a summer pursuit, 
and a business which has only a few months 
of activity is not a desirable one. Steps have 
been taken to educate the public to winter 
photography and magic -lantern work ; but it is 
only the enthusiast who can dabble in ice-cold 
water and pretend that he likes it. Lantern 
work tends also to make the hobby expensive. 

Qualifications. The photographic dealer 
should have a taste for scientific pursuits and, 
above all, should practise photography himself. 

There is no apprenticeship in the business ; 
the embryo dealer starts as a jimior assistant, 
and works his way up. Wages are not on a 
liberal scale ; 308. to 46s. a week are fair averages 
for junior and senior assistants of experience, 
and it is not astonishing that any young man of 
enterprise and small capital soon looks about 
for a neighbourhood where ho can set up in 
business for himself. 

The best neighbourhood is obviously the busy 
residential suburbs of great towns or seaside 
resorts. Near public schools a photographic 
dealer can generally make a living as successive 
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generations of schoolboys take up the fasci- 
nating and educative art. It is true that 
it is often taken up for only a few months, but 
even this means a considerable expenditure 
in outfits. The boy’s parents probably start 
the youth with a camera, as a birthday or 
season gift, unmindful of the fact that the 
camera is the least expensive part — compara- 
tively speaking — of an energetic photographer’s 
outfit. 

The DarR«room. In connection with a 
photographic dealer’s business, provision should 
bo made for a dark-room for the use of amateurs. 
The room should be lighted by sliding shutters on 
the window and the source of light for the ruby 
lamp should be gas or electric light. Means must 
be adopted for obtaining white light at will, as 
some printing processes require a white light for 
a few seconds at a time. A by-pass is a useful 
addition to the gas burner, but with electric 
light a separate lamp for white light is readily 
fitted alongside the rubj^ lamp. The walls should 
be painted a dull lead colour, the same treatment 
being applied to the ceiling. Water should be laid 
on, and beneath the tap should be a porcelain or 
lead-lined sink. The tap to the water-pipe should 
be fitted with a reducing nozzle, and a rose cap 
is an advantage. The developing space should 
be on one side of the sink, and arranged so that 
splashes of dev loper and water drain away to 
the sink. Shelves underneath the sink and the 
developing bench should be fitted up for the 
dishes, while on the walls shelves arc placed 
for the developing solutions and measures. 
Another table should lx? provided for the 
dark slides while filling them or while the 
plates they have contained are being developed. 
Irhis table should be arranged at the opposite 
side of the room from the sink, so that it is not 
likely to get splashed. It is an advantage to 
have it away from the light, as plates should not 
be exposed even to red light unnecessarily. The 
room should be .well ventilated. Any carpenter 
will understand when it is explained to him 
that he must make the ventilators light traps. 
The inside of the door also must be trapped 
round the edges, but this may be rendered un- 
necessary by the provision of a curtain on the 
outsid(n The door should lock on the inside 
BO as to prevent the possibility of disturbance 
at critical periods of plate changing or developing. 
A refinement in dark-room doors is to have 
two doors separated by a lobby so that a person 
can enter the room without admitting light. 
In large photographic businesses several dark- 
rooms arc provided. To casual customers a 
small charge — minimum, fid. — is made for the 
use of the dark-room for plate changing, but if 
the customer be also a purchaser of goods at the 
shop it is unw’ise to press the charge. When the 
room is used for developing plates a charge of 
Is. is made, this amount covering the use of the 
room for an hour. 

Capital Required. The amount of 
capital required for starting the business of a 
photographic dealer depends upon whether it is 
to be subsidiary to another business, or to be 
mainly photographic requisites. When started 
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in connection with a drug business, a ton-pound 
note would suffice to stock the most frequently 
required apparatus and plates, the ohemicals 
being already articles of stock. Great care must 
be taken not to lay in a stock of plates and papers 
that will last beyond the season, as those 
goods do not keep well It is better to replace the 
stock of perishable goods entirely each season, 
selling off the remains of last season’s goods at sale 
prices to clear. When a new business is being 
started, the amount 6f capital will depend, in a 
measure, on the neighbourhood, but for the pur- 
pose of this article £100 is taken as a medium figure. 
It will be noted that no special brands of goods 
are mentioned, this being a matter which depends 
upon the wholesale house with whom the order 
is placed. It is also understood that the beginner 
desires scope for his energies in selecting the 
goods his experience suggosls, and most suited 
for the requirements of the neighbourhood. 
There are new papers and plates being introduced 
every year, and fashion in cameras changes 
from season to season. This is especially the 
case with hand cameras, where last season’s 
goods are looked upon as old-fashioned. This 
is a reason for caution in buying. 

Estimate for a filOO Stock. The 
following is an approximate estimate of the 
manner £100 would be laid out in stock fora 
photographic dealer. The list was originally 
printed in the “ Photographic Dealer’s Annual/’ 



£ 

s. 

d. 

Two i-plate stand camera sets 

2 

2 

0 

One i-plate stand camera set 

3 

10 

0 

One i-plate high-class camera set, with 3 dark 
slides 

6 

0 

0 

Three daylittht spool cameras, 1, 2 , and r> guineas 

8 

8 

0 

O.ie flat ttim hand camera 

3 

0 

0 

Two magazine i-plate hand cameras . . 

Two each camera cases, J-plate and i-i>late . . 

2 

2 

0 

0 

9 

0 

One each camera case, solid leather, t'PUite 
and i-plate 

1 

6 

6 

Three camera levels 

0 

3 

0 

Three carriers, i-plate to i-plate 

O.ie exposure meter 

0 

2 

6 

0 

7 

0 

Three focussing cloths 

0 

4 

6 

Three each focussing screens, J -plate and i-piate 

0 

1 

9 

Two focussing glasses 

0 

3 

0 

Two each R.B. lenses, i-plate and i-plate 

3 

10 

0 

One anastigmat lens, i -plate 

8 

0 

0 

One W.A. lens, i-plato . . 

1 

15 

0 

Two each roller blind shutters, T. and I., t-p ate 
and 4-platc 

Two each S.S. shutters, 1-plate and 1-plate . . 

3 

18 

0 

1 

14 

0 

Two cheap drop shutters 

0 

3 

0 

Two tripod stands and tops, 3-fold 

0 

16 

0 

Two tripod stands, 2-fold 

0 

8 

0 

Two tripod stands, aluminium telescopic 

O.ie brilliant view finder . . 

1 

1 

0 

0 

3 

6 

Two hand camera view finders 

0 

2 

6 

12 albums, assorted, for C.D.V., 1 -plate ; cab., 
and 1-plate 

0 

15 

0 

Three camelhair brushes, 2 in. . . 

0 

2 

0 

Six Is. handbooks on photography 

Three each, cutting shapes, t'.D. v., i-plate, cab., 

0 

6 

0 

and 1-plate . . 

0 

6 

3 

Tliree boxes dark-room pins 

0 

1 

6 

Six bottles 6d. mountant 

0 

3 

0 

12 each deep porcelain developing dishes, 1-plate 
and 1-plate 

Six ditto, 10 in. by 8 in. 

0 

17 

0 

0 

8 

6 

Three ditto, 12 in. by 10 in 

0 

6 

9 

12 each composite celluloid dishes, 1-plate and 
1-plate . . 

0 

13 

0 

Tliree metal racks and tanks 

0 

4 

6 

Three each folding racks, 1-plate and 1 -plate . . 

0 

5 

S 

90 doz. l-plates, assorted brands 

4 

10 

0 

54 doz. 1-plate ditto 

12 doz. 5 In. by 4 in. ditto 

6. 

1 

6 

0 

19 

0 

9 doz whole-plate ditto . . ... 

1 

18 


If doz lantern plates 

0 

12 

0 

Three /ards ruby and orange fabric . . 

0 

8 

0 

Six Is. ruby lamps 

0 

6 

0 
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£ 8. d. 

Three 4s <kl, ruby lamps 0 13 d 

She ruby lamps, assorted, for eandle, gas, and oil 1 0 o 

Three hook bottle lamps 0 S 0 

Assortment G.B.E. mounts for C.D.V., J plate, 

cabinet, and l-plate 1 10 o 

Assortment slip-in mounts for J-piate and 1-platc 1 o q 

Assortment paste-down mounts for i-plate, 

^•plate, whole plate, 10 in. by 8 in., 12 in. 

by 10 in. prints 1100 

Assortment fancy mounts 0 15 0 

30 packets 1-plate gelatino-chloride paper, 

assorted brands 1 16 0 

45 packets cabinet ditto 2 5 0 

18 packets 1-plate ditto o 18 o 

12 imokets whole-plate ditto .. .. 0 11 6 

12 packets i-plate bromide paper .. 0 6 0 

12 packets *-plate ditto .. 0 13 0 

Six packets whole-plate ditto 0 11 6 

Three packets each, 10 in. by 8 in., and 12 in. by 

10 in., bromide paper 10 0 

One packet 16 in. oy 12 in. ditto .. 0 6 6 

Six |-plate wood negative boxes for 50 ..0 9 0 

Four J-plato ditto 0 7 0 

Two japanned negative boxes, J-plate and J -plate, 

for 12 0 5 0 

Two plate and print washers 0 9 0 

12 each i-plate and i-plate printing frames . . 0 16 o 

Six each, 5 In. by 4 in., ditto 0 4 0 

Three whole-plate ditto . . . . . . ..053 

Six print trimmers 0 3 0 

One blade print trimmer 0 7 6 

Three zigzag print trimmers 0 3 0 

One retouching desk 0 8 6 

Three retouching sets 0 3 0 

Three sets hand scales, glass pans . . . . 0 6 0 

Three sets pillar scales, ditto 0 16 6 

Six roller squeegees, 4 in. 0 6 0 

Three ditto, 6 in 0 4 6 

Three each J-plate and i-piate glass vignettes 0 7 0 

Assortment of plain and stoppered bottles . . 0 15 0 

Three dropping bottles 0 10 

Three packets each, i-plate and i-plate, backing 

paper .. .. ..030 

Six ferrot 5 T)e plates 0 2 0 


a a. a. 

Three packets masks and discs 0 6 0 

Six assorted lens caps 0 8 0 

Two each i-plate and i-plate cloud negatives 0 2 0 

Two rose sprays 038 

Three each 2 dr, 2 oz., and 20 oz. measures . . 0 10 0 

One developing sink 5 5 0 

Small sundries 2 10 4 

rioo 0 0 

The discount on this estimate would amount to 
between £25 and £30, which should be spent in the 
purchase of chemicals from the list which follows. 

Photographic Chemicals. The list 
below shows the approirimate cost and retail 
price of the chief chemicals used in photo- 
graphy, and also their uses. The prices do not, 
as a rule, include the bottles in which the 
chemicals are sold. Wholesale photographic 
warehouses supply most of the chemicals bottled 
in small quantities (1 ounce, 2 ounces, and 4 
ounces), which is a convenience to dealers, but it 
is cheaper to purchase in bulk and to re-bottle 
into smaller containers if required. There 
are chemicals used in photography other than 
those given in the list, but all chemicals have 
been included which have a regular sale among 
amateurs and photographers. The chemicals 
should be kept in large bottles distinctly 
labelled, so that no mistakes can be made. The 
names printed in italics in the following list are 
alternate designations. 

Put-up Goods. The photographic dealer 
will require to keep ready-made develop<T8 and 


NAMES, COST AND 

USES OF THE 

CHIEF PHOTOGBAPHIC CHEMICALS | 

Name of cliemical. 

Wholesale price. 

Keta price. 

Uses, 

Acetone 

Is. 6d. lb. 

3d. oz. 

Instead of alkali in developer. 

Adurol 

Is. 8d. oz. 

28. 6d. oz. 

Developer. 

Aluminium powder 

78. 3d. lb. 

Is. oz. 

For flashlight. 

Alum, ponder 

Is. for 7 lb. 

4d. lb. 

Hardener for plates and paper. 

Amidol 

Is. 8d. oz. 

28. 6d. oz. 

Developer. 

Ammonia, 880' 

6d. lb. 

2d. oz. 

As alkali in developer. 

Ammonium broiiiub* 

38. lb. 

6d. oz. 

As restrainer in developer. 

Ammonium BulTUiocynniil • . . 

2.S. Ib. 

3(1. oz. 

Constituent of toning batli. 

Benzol 

Is. 6(1. pint 

2d. oz. 

Solvent for wax. 

Borax . . 

5d. Ib. 

Id. oz. 

In toning batli. 

Caleiuiu (iiloride 

lOd. lb. 

3d. oz. 

Siccative for platinum paper. 

Cotton wool .. 

Is. 4d. lb. 

2d. oz. 

For Altering. 

Eikoiiogcn 

128. lb. 

Is. 2d. oz. 

1) ‘veloper. 

Formaldehyde 

Is. 6d. lb. 

3d. oz. 

Hardening gelatine films. 

French chalk 

6d. lb. 

Id. oz. 

Cleaning glass plates. 

(relatlnc 

38. lb. 

3d. oz. 

As mountant. 

(jrlyciii 

Is. 8d. oz. 

28. 6d. oz. 

Developer. 

Gold chloride 

Is. 8d. for 15 gr. tube 

28. tube. 

Toning sensitised paper. 

Hydrochloric acid (Spirit of salt) . . 

6d. lb 

2d. oz. 

Clearing platinotypes. 

Hydroquinone (Quinol) 

48. 6d. lb. 

8d. oz. 

Developer. 

Iron sulphate (Green vitriol) 

Is. 6d. for 7 lb. 

Id. oz. 

Platinotype developer. 

Litmus paper 

Is. 3d. doz. books 

2d. a book 

Testing for acids and alkalies. 

Magnesium ribbon . . 

21b. lb. 

Is. i-oz. coil 

Flashlight photography. 

* Mercuric chloride (Corrosive sultlimnte) 

3s. 6d. lb. 

4d. oz. 

InteiHifying solution. 

t Methylated spirit (Alcohol ) . . 

2s. 8d. gat 

6(1. pint 

Drying plates. 

Metol . . 

2s. oz. 

3h. oz. 

Developer. 

Ortol 

2b. oz. 

38 oz. 

Developer. 

Potassium bichromate 

8d. lb. 

Id. oz. 

In carbon process. 

Potassium bromide 

28. 4d. lb. 

3d. oz. 

llestrainer m develoiier. 

Potassium ferricyanide (Red prussiate 

Is. lod. Ib. 

2d. oz. 

Reducer. 

of potash) 

Potassium hydrate (CanMic potash) 

Is. 8d. lb. 

2d. oz. 

As alkali in developer. 

Potassium metasulphite 

Is. 6d. lb. 

3d. oz. 

Preserver for developer. 

Potassium oxalate 

7d. lb. 

Id. oz. 

Platinotype developer. 

As deveioiier. 

Pyrogallic acid (Pyro) . . . . 

Od. oz. (bottles free) 

Is. oz. 

Pyrocatechin (Catechol) . . . 1 

308. Ih, 

28. 6d. oz. 

As develojier. 

Rodinal | 

Is. 3d. oz. 

Is. 9d. oz. 

Developer. 

Sodium carbonate i 

3d. lb. 

8d. lb. 

As alkali in developer. 

Sodium hyposulphite (Hypo) . . i 

9s. 6d. cwt. 

2d. and 3d. lb. 

Fixing plates and paper. 

Sodium 8ulphit>e 

6d. Ib. 

lOd. lb. 

Preservative for developer. 

Sulphuric acid (Oil of vitriol) 

6d. lb. 

Id. oz. (by weight) 

Preserving platinum developer. 

Water, distilled 

8d. gal. 

28. 6d. lb. 

6d. gal. 

Making up developers. 

White wax (WhRe beeswax) 

3d. oz. 

1 In encaustic paste. 

1 * Can be sold only by chemists 

t Vendor must hold a licence | 
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other solutions for his customers. These can bo 
bought from ft wholeeftle dealer, but if made by 
the retftiler yield better profits. In making up 
developers distilled water should be used, as 
this makes clearer solutions. G<^d corks must 
be used, and, before putting them into the bottles, 
they should be dipped into melted paraffin wax 
to keep them from contact with the solutions. 
The bottles should be preferably of some distinc- 
tJve fibspe, and if of amber colour the contents 
are not likely to be mistaken for medicine. Many 
photographic solutions are poisonous, but it is 
well to avoid giving the impression to customers. 
A stock of printwi labels should be bought, 
upon which are given the directions and the 
name of the dealer. These cost about 5s. for 
2,50, and are cheaper still in lots of 1,000. 

It is fashionable to have developer in the 
form of tablets, and they are a great con- 
venience when travelling. Most of the whole- 
sale houses supply these, and will put the dealer’s 
name on the packet when a fair quantity is 
bought. Branded kinds arc made by Powell, 
called “ Developoids,” and Burroughs Wellcome 
& Co. call theirs “ Tabloids.” To use these tablets, 
they are crushed to powder in a little water, and 
the necessaiy quantity of water added. 

Side Lines. It is becoming increasingly 
popular for amateurs to hand over their exposed 
plates, or films, to the photographic dealer for 
development and subsequent printing. Some 
amateurs do their own development, and hand 
the negatives over for printing. The profits are 
from ^ to 25 per cent on Chis class of work, 
Repaire to cameras and apparatus should 
be undertaken, and arrangements made with a 
manufacturer for promptness in carrying out 
this \\oik. Often a customer needs some adap- 
tation. It is quite usual to have to fit film- 
holders to cameras originally made only for 
plates. 

The hire of cameras is another branch of the 
dealer’s business, A few good cameras accu- 
mulate through being shop -soiled, or possibly 
by exchange with a customer requiring a new 
instrument. The cameras should be in perfect 
ordf^r, if the customer is unknown, a deposit 
vp to the value of the apparatus should be in- 
sisted upon. The charge for apparatus is 5 per 
cent, of the value of the camera per week, with 
a minimum of 58. The charge for the hire of a 
camera for a single day should depend on the 
class of apppTatus ; but a minimum should always 
I c fixed, as the convenience of hiring is one for 
which a customer should expect to pay. 

Lantern slides arc let out on hire at ma,ny 
large photogrpqihic dealers, the charge for the 
hire of a set of slides being from Is. to 28. per 
night, the customer psying carriage. 

Picture postcards an' sold at present by me.ny 
shopkeepers besides the photographers ; but 
a photographic dealer specialising in high-class 
local views can le sure of the best class of 
trade. 

Picture framing is suitable for this business, as 
photographic enlargements are generally incom- 
plete without a frame [see Picture Framers]. 

Con*v 


AdTertiBiiil. Th« photograjihio busmw 
lends itself in a peculiar maimer to advertising. 
The makers of plates and papers supply specimen 
photographs taken on the articles of their manu- 
facture, and very beautiful some of these prints 
are. It is, however, preferable ^at the dis- 
played pictures should be of local interest, md 
if the photographic dealer be a practical man— 
and he should be—he will have no difficulty in 
making suitable prints for display in window 
and shop. The public will always stop and 
look at a picture, and they are much more 
interested if it is of a familiar scene, or of 
a curious out-of-the-way subject. A label, 
“ Taken with our two-guinea camera,” should 
be affixed to suitable specimens. An additional 
attraction is to be found in having an enlarge- 
ment of unusual size in the shop. Such a 
specimen could be designed to show the degree 
of enlargement that photographs taken with 
a certain lens will bear, or it may be a specimen 
of the work that can be done from customers’ own 
negatives. In dressing the window care must 
be taken to use only dummy packets of plates 
and paper, which can he obtained from the manu- 
facturer. The window must be shaded from the 
sun, as the coloured leather of camera bellows 
bleaches if exposed to bright light for long. 

A stereoscope on the counter, with a plentiful 
supply of stereographs, is good for amusing 
customers who are kept waiting, and a selection 
of the newest books and journals on photography 
should be placed within reach of the amateurs 
who frequent the shop. Several publications 
contain lists of photographic dealers and dark- 
rooms, and, as names are inserted free of charge, 
there is no reason why the dealer should be back- 
w^ard in supplying the information. “ Photo- 
gram” supplies an outside sign for dealers’ use, 
which is useful in places where tourists are found. 

If there be a local photographic society, the 
secretary should be asked for a list of members, 
and the dealer should be unceasing in sending 
each member price lists and catalogues of 
novelties. Very nicely produced catalogues, 
which the dealer can adapt for his own use, are 
supplied by the wholesale houses, and bills and 
folders are sold by those who specialise in 
photographic printing. 

Profits. The profits are good, but this 
should be qualified by the statement that much 
soiled stock is likely to accumulate if business is 
not brisk. The sale of such stock is, perforce, 
done at reduced rates, and, consequently, is 
profitless in some senses. The question of 
branded goods is one which troubles the photo- 
graphic dealer. It is necessary in the ca^e of 
plates and papers ; but the extension of branded 
goods to the details of the business should be 
discouraged as much as possible, as branded 
goods may be cut in price, and injure the profits 
considerably. Price protection is in vogue in 
many photographic articles, and the profits are 
thus ^maintained. On apparatus and accessories 
33J per cent, profit is allowed, varying with the 
kind of goods, but some proprietary articles 
allow a profit of only 10 to 16 per cent. 
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By JOSEPH W. HORNER 


Cylinders. One of the principal deUiil 
drawings of an engine is that which represents 
the cylinder or cylinders. Fig, 162 shows a 
drawing of the high-pressure cylinder of a com- 
pound ehgine ; the bore is 16 in. and the stroke 
of the piston is 36 in. The liner, A, is cast of 
harder metal than the cylinder body, and is 
forced into place by hydraulic pressure ; the 
space, B, between the liner and the body is 
frequently used as a steam jacket — that is, live 
steam is admitted to the space in order to keep 
the temperature of the liner as uniform as 
possible. Small engines arc not usually so made. 


cylinder, and P = steam pressure in pounds per 
square inch. It would not do to simply calcu- 
late the thickness necessary to withstand the 
bursting effort of the steam pressure ; there 
must be sufficient metal to ensure rigidity and 
to stand reboring after wear has taken place. 

The cylinder ends and covers, C and D, are 
slightly thicker than the cylinder walls ; the 
size and pitch of the studs or bolts which secure 
the (over affect its thickness to some extent. 
A good rule is to make the cover and the flange 
of the cylinder IJ times as thick as the cylinder 
itself, then the studs may be pitched 4i diameters 
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152. ENOINE CYLINDER 


of metal 


apart for steam pressure up to 100 lb, 
per square inch, and diameters apart 
up to 1 60 lb. 

The diameter of the cover-studs is 
determined by calculating the load upon 
the cylinder cover, and apportioning 
sufficient area in the studs to meet the 
load ; a sate stress is 3,000 lb. per 
square inch of stud area. Care must 
be used in taking the area at the bottom 
of the thread [see Table on page 3005]. 
Studs smaller than J in. diameter are not 
to bo recommended for covers, as they are 
liable to damage in tightening up with an 
ordinary spanner. The covers of small 
cylinders are made with a single sheet 
; for medium cylinders this sheet is 


but the cylinder body is simply bored out for the 
passage of the piston. The thickness of cylinder 
walls and liners is largely determined by practice ; 
It is seldom less than f in. for cylinders up to 
10 in. bore ; above 10 in. the following formula 
may be used : 

T ^ P_x P 
3,000' 

vhere T = thickness required, T) - diameter of 


strengthened with ribs, while for large cylinders 
the covers are made hollow with internal ribs. 

The front cover, C, is cast with the cylinder, 
and has a stuffing-box, or gland, fitted for the 
piston-rod to vork through. 

The Valve-cheat. The valve-chest forms 
part of the cylinder casting, is of sufficient 
size to accommodate the valves, and is provided 
with a cover, F, and stuffing-boxes, G and H ; 
the box G is for the main-vah'e spindle, and the 
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165. SINGLE SLirrSB 
CROSSHEAD 


box H for the expansion- 
val^Bpindle. Steam-portB, 

U and k, are arranged from 
each end of the cylinder 
to the valve-chest ; the 
ports L and M are for the 
exhaust steam. The area 
of the steam-ports should 
be such that the, steam 
does not flow at a greater 153. piston, with rams- 
velocity than 6,000 ft. per bottom rings 
minute, while the 
area of the exhaust 
port should allow a 
velocity of 4,800 ft. 
per minute ; the cal- 
culation is then : 

Steam-port area. 

= area of piston 
X piston speed . 

poo ’ 

exhaust port area 
= area of piston 
X piston speed 
4^806 ’ 

The length of the port 
—that is, the dimension 
measured at right angles 
to the length of the 
cylinder — is usually 
three - quarters of the 
cylinder diameter, and 
this being settled, thp 
width of the port is easily 
calculated from the area. 

The wider the port the 
greater the travel of the 
valve, and it is some- 
times necessary to make 
the port as long as the 
cylinder d’ameter in 
order to restrict the 
travel of the valve. 

Steam is admitted to 
the valve-chest by the 
opening N, and eidiaust 
steam leaves by the 
opening 0, both of these 
apertures having facings 
to which pipe - flanges 
connect. 

The front end of the 


164. PISTON 
BUILT UP 


156. DOUBLE SLIPPER 
CROSSHEAD 


the end of the 
frame casting ; a 
casting, P, takes 
weight of the cy- 
linder to founda- 
tion. Bosses are 
cast on for at- 
taching a drain- 
cock at the end 
of the cylinder, a 
drain -cock for the 
jacket, and an 
indicator cock at 
each end. 
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169. LARGE END OF 
CONNECTING ROD 


160. SMALL END OP 
CONNECTING ROD 





161. FORGED DOUBLE CRANK 


162. CRANK DISC 


The whole cylinder is 
lagged and fli^hed off 
neatly with sheet steel, a 
dished casting being fitted 
over the back cover. 

Clearance. The length 
of a cylinder is always 
slightly greater than the 
stroke plus the thickness 
of the piston — that is. 
there is a small space 
allowed at each end 
I I of the stroke. This 
space is termed cfcor- 
ancBf and is neces- 
sary in order to 
prevent the piston 
' coming into contact 
with the cylinder 
covers ; it should 
be kept as small as 
possible, and may 
range from in. 
in small engines to 
J in. in large ones. 
This space must be taken 
into account when cal- 
culating the amount of 
steam used in an engine ; 
the same remark applies 
to the capacity of the 
steam - ports, as these 
have also to be filled and 
emptied at each stroke. 
The total clearance space 
in an ordinary engine is 
usually from 3 per cent, 
to 6 per cent, of the 
actual volume swept by 
the piston in its stroke. 

Piston. A piston 
is not quite such a 
simple article as would 
appear at first sight, and, 
as a matter of fact, there 
are scores of different 
types in existence. The 
simplest form is shown 
in 168, and consists of 
a cast-iron body having 
three rings let into re- 
cesses ; those rings are 
made slightly larger than 
the piston tody, and are 
then cut through dia- 
gonally in one place ; 
they are sprung into 
position on the 
piston and 
squeezed into the 
cylinder. The 
effort of the com- 
pressed rings is 
to expand con- 
stantly, and the 
resulting pressure 
on the walls of 
the cylinder makes 



MAWINO 


the piston steam-tight. These are known as 
Eamsbbttom rings, and are made of steel, 
but oast iron wears better. When made of the 
latter metal they should not be less than | in. 
wi^. Another form is shown in 154, which 
pi^ents a larger wearing surface than 153. 
There are two rings, both of which are cut 
through diagonally ; a large spiral spring forces 
them outward to make them steam-tight against 
the cylinder. Such rings cannot be sprung into 
placed so the piston is made in two parts. The 
body. A, is a hollowed casting, as shown in 154, 
and a loose ring, B, termed a junk ring^ is secured 
to the piston body and serves to keep the rings 
in place. The depth of a piston may be from 
a quarter to half of the diameter of the piston. 


frame 185, page 4203. The end of the piston-rod 
is swelled up to receive a half brass, and to 
accommodate the cap-bolts of the other half 
brass ; provision is also made for bolting on the 
cast-iron slipper which runs between the guide- 
bars. The cap and rod are of mild steel, and the 
slipper is easily renewed when worn. Fig. 156 
illustrates a he>avier type of crosshead made with 
double slippers, to bear on double guide-bars ; 
reversing engines should have double guides. 
Looking at the diagram [157], and considering the 
engine to be running in the direction of the 
arrow A, it is evident that both the piston-rod 
and connecting rod are in a state of compression 
during the outward stroke ; there is consequently 
a downward force acting on the crosshcad, whicn 




163. MAIN BEARING 


is supported by the guide-bar. 
Now consid^*r the return stroke, 
as shovTi in dotted lines. Hero 
the piston-rod and connecting 
rod arc in a state of tension, 
and consequently there is again 
a downward force on the cross- 
head. In fa'^d, so long as an 
eirgine runs in one direction, 
the pressure on the guide-bar 
is always in the same sense. 


The diameter of the pistnn-rod may be ealcu- 
lated by the use of the formula : 

d = 013 v'DLP, 
where d — diameter of rod, 

t) — diameter of cylinder, 

L — length of rod in inches, 

P = steam pressure in pounds per sq. in. 

The attachment of the piston to the rod is usually 
made with a taper end and nut, as shown in 158, 
but the taper is not absolutely necessary, for a 
parallel neck could be used and a shoulder or 
collar provided at the front end. A good taper 
is 1 J in. of dianieter to 12 in. of length. 


If the engine be reversed, then the direction 
of the force on the crosshead is rcvcrfcd, 
and means must be provided to support it. 
The example given [156] is in general the 
same as 155, but the slippers arc largvT, and 
arc secured to the forging by studs and square 
keys as shown. 

Adjustment for wear is made by means of 
w’edges let through the keys ; these wedges 
are moved by the nuts on their screwed en^ ; 
the main bolts have lock nuts similar to those in 
37 on page 3007. (’lossheads are also made to 
work in circular bored guides, the slippers being 
turned to suit. 


Crossheads. Crossheads are made in Connecting Rods. Fig. 158 shows a con- 


great variety ; 155 shows a single slipper cross- necting rod of marine type suitable for work- 
head, such as might be applied to the engine ing with the crosshead illustrated in 155. The end 


4425 



QfMWlMa 



and bottom on one side so that the 
brasses may be put in place sideways. 
The example 160 is used for the cross- 
head end of the rod, in which CEwe it 
enters a socket in the crosshead ; it is 
adjustable by means of a wedge-block 
and nuts, as shown. The crankshaft 
end of a connecting rod is termed 
the large end^ and the crosshead end is 
termed the small end. 

Crankshafts. The Board of Trade 
rules for marine crankshafts are as 
follows ; 

Let S = diameter of shaft in inches. 

P = absolute boiler pressure. 

C — length of crank m inches. 

D diameter of low-pressure cylin- 
der. 

d = diameter of high-pressure cy- 
linder. 

/ = a factor depending upon angle 
of crank. 


is forked to embra'^e the crosshead, and the pin 
is kept from turning by means of a small stop-pm, 
as shown ; the rod 
is circular, and is 
forged with a head- 
piece to take the 
gunmetal wearinj^ 
blocks. These 
blocks are divided 
at the centre, and 
are held together 
with two bolts 
passing through 
them. An outer 
steel cap takes 
the bending move- 
ment due to the 
pull on the rod. 

The nuts on the 
bolts are similar 
to 37, page 3007, 


166. PUMP FLYWHEEL 


but the steel cap receives the locking screw 
in place of a separate collar ; in small engine work 
it is usual to use ordinary double nuts. Connect- 
ing rods, like piston-rods, are subjected to alter- 
nate tensile and compressive loads. As they are 
weakest m compression, they are designed as 
struts or columns, but allowance must be made 
for the inertia of the rod itself, and this factor — 
especially in high-speed engines — makes the cal- 
culation quite a complicated one. The follow- 
ing empirical rule due to Seaton agrees closely 
with modem practice : 


For compound condensing engines with 
cranks not overhung, 




!=y 


O X P X 




2-f. 


166. ECCENTRIC 


¥ 

The valves for / 
may bo taken from 
the tabic on the 

next page. 

Q Ordmary crank* 
-• shafts with over- 
hung cranks may 
be calculated for 
combined bending 
and twisting in a 
similar manner to 
the example given 
in 4f9 on page 3135. 
Hollow shafts are 
made in order to 




save weight of material ; the least effective 
portion of a shaft is the central part, and by 



167. VALVE ADMITTING 168. VALVE FULL OPEN 
STEAM FOB STEAM 


Diameter of connecting rod in middle = - 


4 


where L =• length of connecting rod in inches 
and K = *03 X s] load on piston m pounds. 
The length of a connecting rod is usually two and 
a half to three times the stroke of the piston. 
Figs. 159 and 160 show two other types of 
connecting-rod ends, both of which have solid 
ends and adjustable brasses. The former is 
adjustable by cottar, and has a Babbitt lining ; 
the flanges of the brasses are left off on the top 



169. VALVE CLOSED FOR 170. VALVE CLOSED FOR 
STEAM EXHAUST 

removing it the weight of the shaft is dimin- 
ished in a greater proportion than the strength. 
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Angle be- \ 
tween cranks j 

90° 

110° j 120° 

1 1 

140° j 160° ] 180° 

1 1 

Valve for / . . 

1047 

904 jsSS 

I 1 

788 ^ 751 ^ 740 


The modulus of a hollow circular section is 
found by subtracting the moment of inertia 
of the inner diameter from the moment of inertia 
of the outer diameter and dividing by the radius 



and pin may be separate pieces, in which case 
the cranks are swelled out to fit over the 
shaft and over the pin; the thickness of 
metal allowed in the swelled parts should not 
be less than *4 of the shaft diameter. 

Cast-iron crank discs are made as 162, the 
crank-pin is fitted in tightly, and the end 
riveted over ; the metal is thickened up at 
the side opposite the pin for the purpose of 
balancing the connecting-rod head. 

Main Bearings. An example of an en- 
gine main bearing is given in 168. The brass 
is in four parts so as to permit adjustm nt 
all round the shaft. The top and bottpm 
parts arc adjusted in the usual way, but the 
side portions are set up by means of a taper 



171. AIR AND BIIX3E PFMPS 


of the outer diameter. A table of moments of 
inertia is given on page 3134. 

Cranks may be forged with the crankshaft, or 
they mav bo separate pieces keyed on the shaft. 
A forged crank is shown in 161 ; it is generally 
machined all over, and the ends turned in the 
lathe about the centre, A. The diameter of the 
pin, B, is usually the same diameter as the 
shaft ; the width, C, is one and a quarter times 
the shaft diameter, and the thickness, D, is three- 
quarter times the shaft diameter. The cranks 


block and screws, as shoum ; the drawing 
explains itself. 

Flywheels, The theory of flywheels is dis- 
cussed on page 2018 in Mechanical Engineering. 
Fig. 164 shows an ordinary hywheel ; the rim is 
solid and is arranged with pockets round the 
periphery : these pockets are used for starting the 
wheel from rest v hen the engine is on dead points. 
The appliance which effects the starting is termed 
a harrhvg gear, and may range from a simple 
lever to a separate small engine. The arms of the 
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wheel are oval, and they tajicr from the ho'is to 
the rim. The l>oss has wrouglit-iron rings 
shrunk on to give it kicreased strength. 

A smaller flywheel is shown in 166 ; the arms are 
rectangular in section, and cranks are cast with 
the boss ; such a w^heel w'ould be used on a 
small pumping engine. The inside of the rim 
opposite the crank- pin is thickened up to balance 
the pump-rod head. 

Eccentrics. Ec'cent ric^ are used to give recip- 
rocating motion to the valve-rods on an engine; 
a eommon example ih shown in 166. The inner 
part, or sheave. A, is keyed to the shaft : the 
centre of the sheave does not coincide with the 
centre of the shaft : the distance aj)art, B, of the 
centres represents lialf a stroke ot the strap C, 
and the ec(*entric rod is liolted up to the end, D. 
Both slraj) and sheave are in halves for con- 
venience of renewal, hut the sheave is not always 
in halves ; the straps must be made so on 
account of getting over the register, which 
keeps it sidew’ays. 

Valves. A simjile D valve is shown in 
various positions of stroke m 167 to 170 ;* the 
s roke ot the valve is due to the eccentric. In 
167 the valve is just open to steam, the piston 
is at the beginning of its stroke, and the connect- 
ing rod and crank art* m a horizontal line — that 
is, on dead centres. Tne exhaust port is nearly 
full op<m. In 16S the valve is full open to both 
exhaust and steam, the jiiston is travelling 
along the eylindT, and the crank is at 45 deg. 

In 169 the valve is reversed by the eccentric, 
and has closed the steam-port, the piston is 
moving forward under tlie influence of the 
expanding steam, and the (‘xhaust is partially 
closed ; the crank is well over IK) deg. In 170 
the exhaust is closed and the valve is moving 
to open steam for the reversal of the piston 
stroke. There are many ty^ies of valves in use, 
but their duties an* all identical — namely, 
to regulate the flow of steam and exhaust to 
and from the cylind'^r economically. 

Pumps. An air-pump together with two 
bilge-pumps are shown in 171. The air-pump 
is of brjiss, though not necessarily so, and the 
thickness of its walls is kept down to a minimum, 
as the metal is expensive. The piston is termed 
a bucket, and is fitted with non-retum valves for 
lifting water ; the top and bottom of the pumj) 
are fitted with separate plates carrying similar 
valves. The bilge-pumps are of heavier metal, 
as they have to juimp against a head ; they are 
used for pumping the bilge-water from steamships. 
The plunger displaces a volume of w^ater equal 
to its bulk at each stroke. Both bilge-pumps 
and the air-pump are driven from a single 
crosshead, operat(‘d by the air-pump levers. The 
bilge-pump valves are simple in construction, and 
are fitt<*d in the piping connected to the pumps. 

In an engine fitted with a jet condenser, 
the air-pump has to remove the condensed steam, 
the water used for condensing the steam, and the 
air which enters with the water. In a surface 
condensing engine the air-pump removes the 
condensed steam and any air w'bieh may enter 


the engine ; the condensing water in such 
cases is (lealt with by separate pumps, termed 
cirmdating pumps. 

Size of Air-pump, The size of the air- 
pump for a condensing engine may be deter- 
mined by the following rule : 


Volume of air-pump = 


Indicated H.P. 
revs, per min. 


X C 


where C = 700 for single-acting and jet con- 
denser, 

C = 300 for single-acting and surface 
condenser, 

C = 470 for double-acting horizontal 
pump and jet condenser. 

Another rule is to make the capacity of the 
air-pump one-twelfth of the capacity of the low- 
pre.ssure cylinder.. There are so many contin- 
gencies to be allowed for in the working of an 
air-pump that pure theory cannot be relied 
upon in the design. The action of the pump 
is not perfect inasmuch as it does not remove 
at each stroke an amount of water, etc., equal 
to its capacity. Ordinary pumps are defective 
enough in this respect, but air-pumps, and 
particularly vertical ones, are very inefficient. 
The speed of the pump affects its efficiency to a 
great extent ; the liest results are obtained at 
a bucket-speed not exceeding ^K) ft. per minute ; 
many examples are, however, to be found 
running at as high a speed as 450 ft. per minute 
at a lower efficiency. 

The limit of speed is that at which the w^ater 
can follow the bucket and so provide a full 
barrel for the next stroke, and this in turn depends 
upon the vacuum maintained. The pressure of 
the atniospht're is 14*7 lb. per square inch, and 
a good vacuum is 2 lb. per square inch ; it is 
not possible to maintain a perfect vacuum in 
practice. The theoretical velocity of water 
under a pressure of 2 lb. per square inch is 
1,025 ft. per minute, but it wou'd not do to 
speed the pump bucket accordingly. Allowance 
must be made for friction, for the inertia of the 
water, and for the presence of air and gases in 
the water ; this can only be determined by prac- 
tice, and the si>eed range of 200 ft. to 450 ft. per 
minute as given above is deduced therefrom. 

Fouls, It will be noticed upon examination 
of the sectional elevation of 171 that one bucket 
valve is shown dotted at the upper end of th© 
stroke, while the bucket itself is shown at th© 
lower end of the stroke ; there is an object 
in doing this, and one which must be ever present 
with the designer of moving machinery. 

Wherever one jiart of a machine moves rela- 
tively to another part it must be drawn in its 
extreme, and sometimes intermediate, positions 
in order to avoid fouls. All the various move- 
ments must be carefully plotted on paper 
beforehand in such a way as to ensure the 
complete and smooth working of the whole 
machine. It sometimes happens during manu- 
facture that through an oversight in the drawing 
office a machine cannot complete a cycle of 
movements without a foul of some nature. 


Drawing fob Engineers concluded ; followed by Drawing for Sheet-Metal Workers 
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THE EDITOR & 

HIS PAPER 

Group 19 

JOURNALISM 

The Editor of a Great Newspaper. Functions and Ideals of 

Editing. The Editor’s Duties to His Readers. OfEce Journalism 

5 

Coni Inur'd from page 


By ARTHUR MEE 

’T'O be the editor of a great newspaper is an can find in the simple, human story of the 

^ achievement of which any man may well be world. 

proud. To help to shape the opinion of a nation It finds its interest in no narrower field ; 
or to entertain it in its leisure hours is a function it draws its drama from no narrower stage than 

which, if it is honourably fulfilled, rightly the world in which all the men and women are 

brings a man esteem and fame. There is not actors. It tells us, week by week, the wonder- 

a journalist with the essence of journalism in ful story of the world we live in— such a story 

his soul who would not rather be an editor as bewilders the writer of fiction, stranger in 

in deed than a prince in name. its truth than dreams, more startling in its 

The Ideal Editor. It is a compelling reality than all imaginings, more beautiful in 
theme, the business of the man whose pen its unfolding than all the poet’s thought. It 

Napoleon feared more than 30,000 bayonets. tells the story of men and women, the story of 

Nothing could be much more interesting, if a man and a maid. “ It cometh unto us with 

we had space, than to consider it in its a tale which holdeth children from play, and 

relation to life and affairs. Nothing could be old men from the chimney corner.” 
more interesting, and nothing could be more The Editor's Raw Material. So 

comprehensive. For the editor is a many- entrancing, could it be brought before us, Ls 

sided man, who touches the world at all the the history of our own times. There died not 

points we can conceive. His duties and long ago, unnoticed in our papers, an old woman 

responsibilities reach out through countless in a country poor-house, lifting the veil in her last 

avenues. He owes to every man in his public moment from the tragic mystery of a Royal Court, 

relations the consideration which one gentleman There was carried from a lowly house, not many 

owes to another ; it is one of the first maxims years ago, the dead body of the president of a 
of his life to do nothing as a journalist that he great republic which has never known the truth 
would not do as a gentleman. He has something of his strange end. There passed away by fire 

of the duty of the preacher to lead people a year or two ago a beautiful woman, a sister 

towards the right and warn them from the of two queens, who would have been a queen 

wrong. He must have some of the foresight herself had not a king broken his word ; there 

and something of the delicate craft of statesman- lives still a woman whom the same king loved, 
ship. Ho must have the ingenuity of the who might have left a village inn for a German 
advocate with the impartiality of the judge, throne, but who, instead, came in a boat upon 
and he must weigh great problems in all their a lake one day to see her young king drown, 
bearings as if he were a jury. He must be able Almost in the shadow^ of our own King’s castle 
to exercise the grave care of a doctor who hides lives a widow who sat upon the throne of France, 
the truth from his patient for his patient’s Not an hour’s journey from her there lay, the 
good ; he must know exactly what to say and other day, broken in fortune and at the door of 
when to say it. He must have the soul of the death, a widow whose winsomeness split 
artist for interpreting and revealing the meaning parties in the House of Commons and dashed 
of things ; he must be moved hy the spirit a nation’s hope. The greatest of all human 
rather than by the letter. He must have the stories is written by the hand of Fate, 
imagination of the poet with the veracity of The Scope of the Paper. That, as 

the scientist. He must have the astuteness far as it can be stated in a word, is the 
and caution of the diplomatist when a crisis ke3mote of the ideal paper. It is human, 
is looming, the calmness of the philosopher It is tnie. It is interesting because it is life, 
and the dignity of a king when the crisis has It takes account, not of names, but of things 
come. He must be a patriot in the highest It is planned on no arbitrary lines, but is 
sense of patriotism, with a love for his own fashioned by affairs as they occur. It picks 
country the more profound because he loves the up the threads of romance wherever they may 
human race. He must have, all this is to say, be found. It knows neither time nor place ; it 
far more than an average share of the qualities gathers its story from the ends of the earth 
of the ideal man. and from all ages. It Ls universal in its scope. 

The Ideal Paper. Somewhere, far away It appeals to the man who has read everything 
from Fleet Street, is such an editor ; somewhere, and to the man who has read nothing. It is 
farther from Fleet Street still, is his ideal paper, conducted on the principle that nothing interest- 
The ideal paper is the story of men and ing is ever old, and that everything human is 
women. That, after all, is the beginning and interestirg. 

the end of papers. It is the business of a paper It believes that men and women are interested 
to compel a great public to read it, and the ideal in themselves and in the race. It realises that 
paper comes with such compelling force as it the most wonderful thing in the world is the 
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world itself ; that the thmgs we know least 
about are the things of which we wish to know 
most. It finds romance in the skjr and the 
bottom of the soa. It does what m a paper 
lies to make men and womien know themselves. 
It tells the story of all the great discoveries and 
inventions that are changing the face of the earth. 

We live in an age of miracles. “ I never 
handle the telephone without realising that i 
am handling a mystery,” Sir William Crookes 
has told us, and he puts well the truth that, 
so far and so fast has the world moved, that 
the greatest mysteries in the universe are almost 
commonplace. We lay our sixpence on the 
post-office counter and think nothing of the 
electric wires wTiich will convey our message 
from Edinburgh to St. Ives before we are at 
the bottom of the street. We open our papers 
in the morning as carelessly as if it were not a 
miracle which has brought to our breakfast- 
table the history of the last twenty-four hours 
from every part of the earth. We strike a match 
without thinking that the light that comes is 
nothing less than a bit of sunlight imprisoned 
in the earth for thousands of years. We switch 
on the electric I’ght without fear and trembling, 
plapng like children with the appalling power 
of which science knows almost nothing. We 
phick a rose without a thought of the unseen and 
silent forces wh’oh have wought so beautiful 
a thing. 

A Human Picture of the World. 

The romance of the world can never be written, 
can hardly be conceived. But such threads as 
can be caught the ideal paper takes, weaving 
them into the picture of our day. It has all the 
faults of a paper made in haste and read at 
leisure, all the evidences that a penny, after all, 
cannot buy everything. But it is an enthusiastic 
endeavour to make up the best magazine of 
helpful and interesting journalism that can be 
secured for its price. It makes its appeal 
to all — from the smallest child who would 
hear a story, to the man who would know 
what new thought has been spoken, what new 
height in science has been reached, what is 
happening in any part of the world that will 
leave its mark on history. Nor does it ignore the 
problems of life. Every issue of it discusses 
some social subject of interest to the individual 
and the home. It strives to 'bring the best 
thoughts to bear on the best topics of the day ; 
to pick out the truth as well as the romance from 
the affairs of the world ; to keep itself abreast 
of all that happens that an intelligent man or 
woman should know, to be, from beginning to 
end, interesting and helpful and true. 

The ideal paper is a human picture of the world, 
beating with the lives and the hearts of men. 

It is the paper of a dream, the dream of every 
editor who is awake. How near sometimes we get 
to it, how far from it sometimes we are, is a good 
or ill-fortune dependent on many things within 
and without the editor’s control. It is not 
intended in this course, necessarily brief and 
suggestive, and in no sense exhaustive, to go 
into all the questions that come to the mind 
when we meditate upon editors and papers. 
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Those who have read so far will have formed 
some conception of what we hold journalism to 
be ; those who ha ve reached this stage in actual 
journalism will need no advice here as to how' 
to advance still further. All that we need attempt 
is a brief consideration of one or two practical 
matters cpnceming the editor and his staff. 

Good Copy and Bad. The editor must 
not succumb to the temptation, so strong in 
these days, to think more of the machinery of 
his paper than of its readers. The story of 
how he obtained a piece of news may be 
interesting, and in some cases it may be quite 
legitimate to toll it ; but the chief matter is the 
news itself, and not the getting of it. It is, of 
course, important sometimes to know the source 
from which news comes, but the talk about these 
things has come to be more of a desire to advertise 
the paper’s machinery than to satisfy tha public 
as to the authority of the news, and in so far as 
this is its object, all display is to be condemned. 
Waste of space is one of the unpardonable sins. 
One of the most remarkable popular delusions 
is that editors are gasping for something to put in 
their papers. The difficulty at the last moment 
is always, “ What can we leave out ? ” 

That question must be decided by the editor, 
who knows his readers. Ho will probably decide 
to leave out the thing that interests the least 
number, although this may not always be 
so. He will, at any rate, leave out the non- 
essentials first. His whole purpose in leaving out 
news will be to sacrifice as little of the general 
interest of his paper as possible. Only long 
experience of editing can help him here, but ho 
should have no difficulty in deciding what copy 
is good, and what copy is bad. An editor con- 
fesses his own weakness when he publishes long 
accounts of trivial things, or allows anybody who 
has nothing better to do to occupy his space by 
writing silly letters. The standard of letter- 
writing in papers is much too low, and it is simply 
bad journalism which enables a man to become 
notorious by writing letters about gravestones 
whtn he has nothing to say about them that 
matters to anybody^ 

The Chief Figure in the Editor’sWorld. 

The editor is safe from these temptations if he 
remembers that the most important person in all 
the world to him is the reader of his paper — not 
the advertiser, not the proprietor, not the man 
with a log to roll or an axe to grind, but the .man 
who buys his paper to read it. 

One of the worst enemies of journalism is the 
proprietor or commercial manager of a paper, 
usually calling himself the managing -editor, who, 
knowing nothing about a paper save that it 
prints advertisements, dictates to the editor 
how he shall edit. The last person in such a man's 
mind is the reader of the paper. One of the best 
of these managing-editors that we have kno^^ii 
once refused to order the report of a speech by 
Mr. John Morley, owing to a dispute between his 
paper and a certain press agency. It was nothing 
to him that he was withholding from his readers 
something it was his duty to give them, some- 
thing the great majority of them expected to sec 
when they opened the paper ; it was everything 



to him that he should spite the face of the press 
agency — even by cutting off his own nose. 

The Morality of Editinf. Somebody 
will write a book some day, perhaps, on the 
morality of editing, euid it will contain many 
examples of this kind. It will also publish a 
copy of an announcement in a provincial mom- 
ing paper that “ in attending meetings, etc., 
preference will be given to those fixtures adver- 
tised in our business columns.” It will print 
such letters as that written by the manager 
of a well-known evening paper in reply to a 
publisher who had sent him books for years, 
and had had, no reviews. The publisher wrote to 
ask if the paper wished him to continue sending 
the books, and the manager replied that his news- 
paper believed in the old-fashioned principle 
of quid pro quo, and as the publishers did not 
advertise in it they got no reviews.” These are 
the things which distress the journalist who 
conceives it his duty to be a faithful recorder 
of news, and to keep his readers well informed 
about literature ; but they are done, let us 
remember, not by journalists, but by men to 
whom a newspaper is a thing for advertising pills. 

The good editor knows every man on his staff. 
He knows where to turn when, late at night, he 
wants a leading article quickly, a special intro- 
duction to some important event, or a sketch of 
somebody’s career. He knows the man on whom 
he can. rely for initiative, for descriptive power, 
for getting hold of people, for evolving theories, 
and following them up. And if the good editor 
knows his man, the good journalist knows his 
editor. He knows his editor’s point of view, imder- 
stands his purpose, and responds to it. 

The Men an Editor Likes. The news 
editor of a newspaper with a reputation for 
enterprise throughout the world has written for 
the SErjJ’-EDiTCATOR his conception of the kind of 
men an editor likes to have about him. He says : 

“ The sub-editor needs a good education, and 
especially a sound knowledge of spelling ; a 
catholic and quick judgment as regards the 
value of news, and a clear conception as to the 
most interesting form in which the now’s is to 
be printed in his xmper. He should l)e well 
informed generally — an ordinary school or 
college education is adequate, coupled with a 
close study of newspapers, whereby ho assimilates 
the events of the day He should have a keen 
recollection of occurrences in the past, immediate 
and more remote, an unfailing memory for 
names, a sound judgment as to ‘ possibilities ’ 
in the reports which reach him. Shorthand is 
useful, but not vital 

“ The older sub-editing is, for the most part, 
the abbreviation, the punctuation, and the check- 
ing of reports sent to the office, either telegraphed 
or written ; the newer sub-editing — for instance, 
of the ultra-modem papers — requires extensive 
rewriting and constructive reproduction. All 
this can be acquired by practice. Patience, 
however, is necessary, method essential, and 
discretion vital. Only by the possession of 
these qualities by its sub-editorial staff can a 
paper attain a high standard. 
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“While a sub-editor should have a general 
knowledge of newspaper work and an all-round 
education, he should at least know one modem 
language, preferably French, and should 
specialise on one subject — for instance, medicine. 
Finally, he should never be above verifying a 
reference or checking a quota,tion. And in his 
spare time, if he has any, let him make himself 
familiar with events outside his office. The best 
sub-editor is always a ‘ man of the world.’ He 
knows the public pulse and the public taste, and 
can better estimate thereby the specific value 
to be attached to specific news. 

“ No one unless possessed of strong physique 
should become a sub-editor. The work is 
sedentary, and the strain on the nervous system 
severe. There are always openings for good 
men. But it is essentially routine new'spaper 
work, which only needs ordinary intelligence, 
rightly trained ; and few' persons of special 
genius ever devote themselves to it for long, 
for it offers no opportunities for ambition, and 
exercises a numbing influence on its votaries.” 

Office Journalism. We can now leave 
office journalism. Wc have considered all too 
briefly the work of a newspaper journalist, 
from the moment he makes up his mind to 
become a journalist to the time he becomes an 
editor ; and we have now to consider that wider 
field in which journalism ceases to be a profession 
and is open to all the world. It is not necessary 
to discuss the thousand and one duties of an 
editor, which the journalist must learn for him- 
self. We have said nothing of the salaries paid 
in a newspaper office, because it is impossible to 
give any figures which would not be misleading 
in some cases. The apprentice who enters the 
reporters’ room may begin with a few shillings a 
week, and rise until at the end of his apprentice- 
ship he receives, perhaps, 16s. or £1 per week. 
In an ordinary town ho may then receive a salary 
of £2 or £3 a week as either reporter or sub- 
editor ; or in a large town, such as Manchester or 
Birmingham, a salary of £5 or £6 a week. The 
custom is growing of paying reporters according 
to the wwk they do instead of a fixed salary, 
and this custom, often adopted in London, is 
preferred by fome reporters. In this way a 
reporter may earn as much as £10 or £15 in a 
week if he is fortunate. In any case, if he is 
a good, reliable man he can always be sure of 
a living income in London. Necessary expenses 
arc always allowed. A sub-editor’s salary is, of 
course, fixed, and may be anything in London 
from SA to £10 a week. 

Wliether as reporter, sub-editor, leader writer, 
musical or dramatic critic, special correspondent, 
or in any other capacity, the journalist will find 
opportunities for distinction inside the news- 
paper office. Office journalism has its drawbacks. 
It involves long hours, and leaves a man little 
freedom of movement. But it has abundant 
compensations, and he may look forward, if ho 
is strong and willing and enthusiastic, with the 
certainty that he will have plenty of opportunity 
pf putting into his work the best that is in him. 

Continued 
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TOP -MAKING 

The Machines and Processes in Factory Practice. Click- 
ing, Machining, Skiving, Buttonholing and Finishing 


By W. S. MURPHY 


Cutting Tops. Machinery is not much 
used in the cutting-rooms of factories producing 
first-class boots. The matter has often been 
debated on this side of the Atlantic, because on 
the other side cutting machines are largely used. 
American methods, however, differ largely from 
ours. For our own trade the subject may be 
considered in this way. Leather is not like a 
web of cloth, the uniform quality of which can 
be depended on. A web of cloth is the same 
breadth and thickness throughout, and one web 
IS exactly like another. On the other hand, no 
two hides of leather are similar in every respect, 
and qualities vary indefinitely, even in the 
same class of stuff. In cutting up leather, the 
selective eye cannot be dispensed with. 

Cutting by Machinery. If a man is 
prepared to risk defects and incur a large per- 
centage of waste, he may go in for cutting by 
machinery. Under special circumstances, per- 
haps, the loss iu waste is balanced by the saving 
in wages, for machines in this department do 
effect enormous savings in labour. Working with 
cheap leathei , for a coarse trade, the manufac- 
turer may find cutting by machinery a paying 
business ; but with leather costing about 3s. per 
lb. all over, and buyers scanning every fibre for 
damage, hand -cutting is the safest and the best. 

The Clicker. The clicker, as we name the 
top-cutter, has a liench space all to himself, and 
a special class of boot b) cut. In a factory pro- 
ducing for an all-round trade, clickers are ranged 
in classes or sections, one section cutting for the 
“ nursery ” department, another for the girls’, 
another for the -women’s, for the boys’, for the 
men’s, and for the fancy departments Some large 
factories have over a hundred clickers working, 
divided into sections varying in number from 
seven to 20, according to the class of trade or 
system of management. When it is remembered 
that the tops of a pair of half-goloshed Balmoral 
lioots contain 36 pieces, including linings, the 
possibilities of division and subdivision are 
obvious. 

Clicking a Skilled Craft. Clicking in 
the factory differs little from top -cut ting for 
the hand-made boot. The clicker is a handi- 
craftsman who is required to show special skill 
within very narrow* limits. He should be able 
to tell at a glance the different classes, kinds, and 
patternh of leather. His duty is to detect d<^fects 
in fibre or pattern, and plan to cut out of the 
hide in the most economical manner possible. 
The clicker v/ho wastes leather is certain to be 
among the unemployed more frequently than 
may be pleasant. We have already shown a 
picture of the kinds and patterns of leathers 
most commonly ‘Used for the boot trade in this 
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country, illustrating the distinguishing qualities 
of each [see Plate facing page 3217]. 

The Clicker at Work. Now, let us get to 
work. Knives [29, page 3875] are the clickers’ 
tools, and he must keep them in good condition. 
The slightest roughness on the blade may mean a 
ragged edge on the leather just at that point 
where it has been cut neat. A properly organised 
factory gives out work cards, with the details 
of the particular job specified. Suppose that our 
work card contains the order for a dozen of 
half-goloshed Balmoral boots of first-class 
quality. The quarters are to be the best calf-kid, 
the golosh and vamps French calf, and the 
facings and toecaps patent or enamel leather. 
Having selected the pieces, we next go to the 
pattern file, and take off the set of patterns 
proper to the size of boot. Before beginning to 
cut, plan out the stuff ; a little forethought may 
save the leather of a pair of tops. When 
assured that the most has been made of the 
material, take the patterns and carefully cut 
cleanly and swiftly. Mind the comers. If the 
points have been well cut, every piece will come 
away as cleanly as if it had been struck by a die. 
Ragged ends give you more work, or somebody 
else has to lose time in rectifying the defect. 

Linings. The linings and other accessories 
are similarly gathered For light boots of the 
best quality fine leathers are sometimes used ; 
but good drill servos the purpose quite well. 

Small Machines. We have said that 
machinery is not wholly debarred from the 
chcking-room. Tongues, toecaps, and the other 
small additions are generally cut by machmes 
worked by boys. Neat little things those 
machines are. Here is one, looking very like a 
sewing machine, and it is used for cutting put 
and perforating toecaps, cutting and scolloping 
button-flops, and such purposes [47j. Another 
little machine, equally interesting and efficient, is 
the tongue and backs trap cutter. The knives can 
be adjusted to any angle, and scraps of leather 
passed through come out well -shaped tongues. 
The backstraps, of course, are of good leather ; 
but the pieces ma-y useless otherwise, and the 
machine makes them into fine straps in the 
twinkling ol an eye. As there is .nothing to 
learn in these machines, elaborate study of them 
is needless. Any lad brought in from the street 
can be taught to work them in a very short time. 

We gather together our stuff, and bundle it 
up, each part separately, and hand along to the 
inspecting department Thence the tops pass 
into the machine-room, and begin the journey 
towards the destined end. 

The conditions under which clickers work 
are usually very good and healthy, light and 
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ventilation being provided by employorf. from 
purely economic motives. The work is pleasant, 
but not very well paid 

Patterns and Measurements^ Wherever 
material is elaborately cut out, there must be 
patterns. The pattern everywhere ^aves time, 
trouble, and material. Upon the pattern-maker 
rests the efficiency of the whole boot factory. 
He it is who gives the clicker the shapes to 
which he must cut all the parts of the boot-top. 

Thousands of Shapes. A shape is a 
piece of stiff paper cut to a given form imd size 
[see SO, page 4015] 

For every part of 
every size and class 
of boot there is a 
pattern. In this 
way the pattern- 
maker seems to 
have plenty of 
Av ork before him ; 
hut that is not 
all. New shapes 
aie being devised 
every week, and a 
factory producing 
for a high - class 
shop trade has a 
thousand or two 
sp(‘ci}il measures 
coming m every 
week No deeent- 
bized factory can 
got along with less 
than ten thousand 
diffcicnt patterns, 
and these dupli- 
cated as rt‘(juired 
by tlic numlxT of 
cIk kers employed 
on (acli class of 
AVOl k. 

AVh on a n (‘ aa' 
mcasuic (oriics in 
or .1 new styl(‘ of 
boot IS drawn out, 
tlu‘ pattcin maker 
has to calculate 
how much of the 
total area of sur- 
face icprcsented 
by these mcasure- 
ments irnst be ap- 
portioned to eaeh 
part of the boot. 

TIk‘s(‘ proportions 
ai(' determined by 
the design of the 
boot. 

The Fit of 
Factory Boots. 

Aleasurements in 
the boot factory 
have been a source 
of great trouble, 
the variations in 
the proportions of 
feet making fit by 
E 




';r- • * • 








•j 





!». 


_ I 


'• •** • t"* A d?»J^*^***® 





~ • 9r t 

y:r:y'Ak^^ 


47 


a common standard almost a matter of impossi- 
bility. In the course of experience, however, a fair 
approximation has been arrived at, and now the 
ready-made boot has a chance of being a good fit. 
Factory managers assert that the ready-made 
boot fits the average foot just as well as the 
average hand-made boot, and does not so often 
misfit, the margin of error in the former being 
reduced to a minimum by the scientific grading 
of sizes. 

Measurements. The tables fsec pagv 4435] 
of measurements and not(*s have been, compiled 

from the experience 
of one of the largest, 
if not the largest, 
boot factories on 
this side of the 
Atlantic. Based on 
a long and wide ex- 
perience, wc think 
they are reliable 
and, in some AAays, 
unique. 

Machining 
the Boot « tops. 

This department of 
the boot factory 
has been taken 
possession of 
almost wholly by 
the fair sex. Noi 
can the productive 
capacity of the in- 
dustry bo said to 
have sufferc d on 
that account It 
has been calcu- 
lated, from (‘vety 
day expcrienci‘, 
that, in a W'ell - 
equipped factor\ 
the girls employ! d 
in top-makmg tuiu 
out, on the avcrag(‘, 
forty pairs of tops 
per head evei\ 
week. Alachinc'' 
driven at enormou-' 
speed perform th( 
work For cverv 
little detail then' c 
a machine oi group 
of machines. A et 
skill and kecui 
attention are de- 
manded from the 
women w^oikeis 
SKill Re- 
quired. The 
machines are not 
automatic, A fairly 
good idea of the 
ability required 
may bo gathered 
from the domestic 
sewing machine. It 
is a curious fact, 
and worth notmg, 
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that all our boot-top machinery has been 
modelled on the principle of the sewing machine. 
The numerous and dainty details of boot-top 
making lend themselves to that particular 
method of treatment. At the present time the 
trade is probably unique in this respect. Instead 
of taking the tools and forming them into an 
automatic group scarcely recognisable, as he has 
done in other industries, the inventor simply 
took the tools of the boot-top maker and put 
them into machinery, so that they might be 
mechanically driven at more than human speed. 

Variety of Machines. This fact has lent 
itself to another development which may be 
confusing to the student of the trade. Because 
the needle, the awl, the punch, the knife, and the 
hammer are the common property of the human 
race, it is open to anyone to gear them on to 
driving inventions, with the result that there are 
many different machines for every conceivable 
detail of boot making, and for some parts the 
number runs into high figures. After having 
mastered one machine in a factory, the worker 
may find herself confronted by a form of machine 
utterly unfamiliar. This need cause no dismay. 
The difference is more apparent than real, and 
in a few hours, or at most days, the new machine 
will have become vs familiar and easily worked 
as the old. 

Skiving. When making* boots by hand, we 
saw how carefully the pieces to be joined were 
thinned off, so as to make the point of contact as 
unobtrusive as possible. In the factory, skiving 
is even more imperatively required, because neat- 
ness is one of the special merits of machine pro- 
duction The skiving blade [see 31, page 4017 J, 
which is all that we need attend to, is a flat piece 
of sharp steel set horizontally on a spindle -w ork- 
ing above an automatic feed. Lay in the vamp, 
and immediately the edged disc begins to shave 
away the leather. Almost while you look the 
work is done. The circular bl ide runs at the 
rate of 1,000 revolutions a minute. One thing 
is noteworthy in this skiver. No matter liow 
fine the workmanship of the hand worker, some 
little difference is apt to come in between one 
skiving and another on the boot-top ; but this 
machine automatically gives the same breadth 
of skive at all times. Every part of the upper 
is skived alike. This part of the work done, 
the stuff is passed on to the sewers. 

Sewing* The up-to-date factory has nothing 
but the new, swift model of sewing machine. 
Occasionally, however, tbe worker may be called 
upon to use the older kinds. Those old-fashioned 
machines were built under a mistaken idea ; it 
was supposed that heavy machines only could 
do heavy work. Oiuinsy things they are, with 
arms like those of hydraulic riveters, and a grip 
strong enough to hold down the plate of an 
Atlantic liner. When working one of these 
machines, the tension of the thick thread should 
be specially attended to, because the stiteh may 
be loose if it be left slack, and the whole mechanism 
may be made to jump if the tension be too tight, 
^’or strong boots, made in imitation of hand- 
mades, those old machines are still useful. For 
the modem machines mostly used, direction is 
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hardly needed. The worker lays in the work and 
the machine does the rest. This machine, on 
which a pile of plain uppers are being sewn, has 
one needle, and makes a single row of stitching 
forward, and doubles the row by bringing back 
the seam. Another group of machines do double 
rows at once with two needles working at the 
same time, locking the two threads within the 
cords from two shuttles. 

Difference in Ability. No one ought 
to imagine that machining boot-tops is easy 
work. The mechanical appliances are wonderfully 
perfect, but the human factor can never be 
eliminated Side by side, working the same kind 
of machine, driven by the same motive power, 
the output of workers differs widely. Of two 
girls, both equally conscientious, the abler will 
take 20 per cent, more work out of a machine 
than her less expert neighbour. Where simple 
processes are constantly repeated, little delays 
amount to large losses in the aggr(*gate. Delays 
arise from inattention to the setting of the seam, 
careless management of the spools and threads, 
and too frequent changes of work. The last cause 
of delay is a matter of management, but the 
others, and many too small for special mention, 
lie in the power of the worker. 

Seam Finishing. When the bootmaker 
has sewn a seam, he taps it down level with his 
hammer. Machine-sewn seams are also rough and 
obtrusive, and inventive genius has given us 
quite a number of seam finishers. One form is 
directly imitative of the hand hammer, with a 
hammer head set on the end of an arm driven 
by power ; another is a wheel under a spring 
block, which presses the scams with a rubbing 
motion ; and others combine the two principles, 
with varying degrees of success. All the models 
are simple and easy to work, and three or four 
kinds may be used, the one being regarded as 
specially good for one })urposc, and the others for 
work of differing classes. Most generally applic- 
able, and most favoured, is the mechanical 
hammer. Vibrating at the rate of 1,200 beats a 
minute, the hammer does the work rapidly and 
prettily. Lay the seam neatly on the blcK'k, and 
let the hammer play upon it while drawing it 
round. We need hardly say that the operator’s 
intelligence is called upon to some extent in 
working this machine. Stitches tightly dra^, 
or hard threads, may be pulled asunder if pro- 
vision is not made for vibration ; but the differ- 
ences can be readily adjusted by the exercise of 
a little common-sense. 

Seam Rubbers. For light tops, ladies’ kid 
and fancy boots, the seam rubbers are probably 
the safest. These contrivances are certainly very 
finely adjusted, and work prettily. One of the 
best seam-rubber machines has a solid wheel 
running under a fixed disc, dependent on springs 
adjustable to any pressure, and therefore fitted to 
meet the variations in the thickness of the 
leath('rs. All the working parts are in sight, and 
can be operated upon by a young worker. 

Bagging. Another small auxiliary' of tbe 
sewer is the bagging machine. When the linings 
have been joined to the tops the joints are round 
and slack. Flaps of button boots are simply 



TABLES OF MEASUREMENTS FOR ALL SIZES OF BOOTS 
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Length of Last 
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Notes. Tho mizoh range from S up to 11. Wo give 
length of foot in sizes and tin” length of foot in 
inches. We then follow on giving joints measuro- 
lYients, instep and heel and ankle menMurenients. 

(A) A size equals in. in length. 

(13) A fitting equals { in. small and large. 

(C) Girth measuro from size to size eiiuuls I in. 

(D) Width of liottoni of lust from size to size 
and fitting to fitting, in. 

(E) Extension of last over the length of foot : 
Square toes, 2 size equals in. ; nK‘diuin toes, 
21 size equals in. ; spike toes, 3 size equals 


Remarks as No. 1. 

Same notes apply as on No. 1 — A to „ . 

(E) Extension of last over the length of foot : 
Square toe, U size equals in.; medium toe, 2 size 
equals in. ; spike toe, 2J size equals ] Ij in. 

4-FITTING, GIRLS’. 


4-FITTlNG, BOYS’. 


(A) A size (equals in. in length. 

(B) Girth measurement from size (<» size 

for 7 to 10 ; girth measurement from size to size*, 
in. for 11 to 1 ; girth measurement from size to 
size, in. for 2 to 5. 

(C) Width of bottom of last from size to size, in. 

for 7 to 10; width of bottom of last from size to size, 
lY in. for 11 to 1 ; width of bottom of last from size^ 
to size, in. for 2 to 5. / 

(D) Extension of last over the length of foot : Square 
to&s, size equals in. ; medium toes, 2 size cqua^ 

1 o in. ; spike toes, 2j^size equals |S in. 


(A) A si/e equals 111 . in leuglli. 

(B) (iirth measurements from size to size, in. 
for 7 to 10 ; girth measurements from size to size, 

m. ft»r 1 \ < V. I 

(U) Width of bottom frdltr>'^^‘ iV 

7 to 10; uidth of bottom fnun ’sPzi^ ^ 

for 11 to 1. ' 

(D) Extension of last over the length of foov\* 
Square toes, ^ 4 size equals in.; medium toes, 2 
size eqiilsj^n. ; spike toes, 2^ size equal' ; m. 


1 4.FITa’ING, CHILDREN’S. 1 
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Joints 

Measure- 

ments. 

istep. 
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(A) A size equals in. in length. ~ * 

(B) Girth measurement from size to size, A in. 

(C) Width of bottom from size to size, X in. 

(D) Extension of last over the length of foot • 

Square toes 1 size equals ^ in.; medium toes, 11 
size equals in. ^ ■ 
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bags sewn on the inside and turned out. To 
make the flaps solid and flat, the seams must 
be pressed somehow. Here we have a machine 
equal to the need. It is double- jawed. On the 
under jaw is a long finger of electroplated metal, 
and a solid round disc sits in the upper jaw. Place 
the flap on the top of the finpr, and bring the 
upper jaw do\\ii The finger vibrates on the seam 
inside, and the disc rolls on the outside, the pair 
^tween them reducing the bag to an apparently 
solid piece of leather with a fine edge. 

Buttonholing. Button boots are pro- 
duced in large quantities, of all sizes,* by the 
factories. In fact, the popularity of that class of 
boot is almost wholly due to the cheapening 
effect of machinery. Anyone who looks at a 
buttonhole can readily realise how laborious and 
costly the making of buttonholes in leather 
must be. Our problem was to find a machine 
which could make buttonholes m a satisfactory 
way. For a long time the machines offered to us, 
in good faith no doubt, proved miserable failures, 
producing botched work. At last, however, the 
problem was solved, and now we have machines 
which both out and sew buttonholes in very fine 
style. The machine with which we are most 
familiar is the “ Reece ” [48]. A die knife cuts 
out the hole. From spools set on the head of the 
machine the two threads come down into the 
oscillating needles which work round the hole. 
When the end of the hole is reached, the machine 
automatically stops sowing, and fixes in the ends 
of the threaas. On the head of the machine the 


to fix the ends of buttonholes can be made on 
the underside of the flap and out of sight. 

Sewing on Buttons. Men not very old 
in the trade can remember well the many vigorous 
attempts made to devise a mechanical fastening 
for buttons. Rivets, flat discs, long wires like 
miniature hairpins, and many other devices were 
tried ; but the public unmistakably showed a 
constant preference for the hand-sewn button. 
No wonder, for the flap of a buttoned boot with 
one of those sets of fasteners on felt like the sole 
of a heavily-hobbed boot. But our machinists 
were not to be beaten. Small as the matter may 
seem, there is a large amount of money in it. 
The happy idea of using the form of the sewing 
machine for the button fastener was struck, and 
then the problem was solved, not all at once, but 
by successive attempts, each one improving on 
the last. What improvements may yet be made 
we do not undertake to predict, but the present 
form of machine serves our purpose fairly well. 
The plan of this machine is an arm and stand 
extending at right angles from the operator [40] 
On the top of the a^-m is a hopper from which a 
channel leads down in front of the needle. Rest- 
ing on the at md is the gripper, which keeps the 
work in place and guides it automatically from 
button to button. 

A Perfect Machine. The inventor has 
done his work well. So far as the worker is con- 
cerned, the machine is simple. We put a few 
gross of buttons into the hopper, and clamp the 
work upon the stand. Bring the driving belt on 


tension regulator is fixed. The i 

production of this machine in 
the hands of a good worker is | 

about 6,000 complete button- 

Finishing Button* 
holes. One special difficulty mlSS 

in making buttonholes by 
machinery was the fixing of 

ux^^a^ seam, and 
these^must be tied 

- of sewing along 

pattern to the flap 48 high-speed reeA 

which was not do- ^ 

said, the newest forms of machine have over- ' 
come the trouble, but, as a rule, at some expense 
of neatness. An ingenious man conceived and 
invented a machine that could take a stitch 
in one ply on a flap while leaving the other 
one untouched. With this contrivance the bar 


to the driving wheel, and watch 

PE BUTTONHOLE MACHINE the criticism has 

^w?hine Co , LeitJeafeer) reason in it. 

n We will gladly 

t learn another and better machine, if the invention 
|ftq^omes along. 

^Punching and Eyeletting. The staple 
our trade is the lacing boot. Fashions 
AvAne and go ; but for the past fifty years the 
idSer has been the stand-by. In the average 
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boot there are 16 holes ; in boots of the better 
class six of these holes are filled with eyelet 
hooks and ten with eyelets. For a man working 
by himself, making three pairs a week, this does 
not mean very much ; he can punch them in a 
short time, and think little about it. But when 
you have charge of a large factory sending out 
from twenty to thirty thousand pairs a week, 
two-thirds of them lacing boots, then the punch- 
ing and eycletting becomes a very serious item. 
It means the employment of twenty men for 
that small matter only, and smart men, too. 
But the genius that solved the button question 
was quite equal to helping us out of this little 
trouble. First we had the mechanical punch, 
then its companion the eyeletter, self-feeding 
and capable of being driven 
by power ; next came a com- 
bination of the two, and lastly 
the automatic punching and 
eyeletting machine. All four 
kinds are still on the market, 
made by various firms. Fac- 
tories of small dimensions, or 
factories chiefly engaged in pro- 
ducing ladies’ and childrens’ 
boots, cm very well get along 
with the smaller machines, 
because eyelctting is never a 
large business with them. 

Small Machines. The 
small punches and cyelettors are 
simply die-stamping machines 
with, in the one case, a punch, 
and in the other an eyelet 
holder instead of the die. With these machines 
two operators can produce bc'tween them from 
3,000 to 4,(X)0 finished eyelets in an hour, 
though the speed on the working day may be a 
little less. 

Factory Eyeletting. The automatic eye- 
letter is the contrivance with which the 
work of the factory is done. Here, again, the 
sewong-maehine idea is seen in operation, with 
additions. A small box tray on the top holds 
the eyelets, and from it a channel runs to the 
nose of the punch. As the punch comes down 
and retreats, the eyelet setter follows its action 
as quickly as lightning, and the eyelet is done. 
By an automatic motion, the top is moved the 
space, J or I in., between the holes, and the next 
hole is made and eycletted. The operator’s 
duly is to put the top in position, lift it away 
w hen finished, and guide the work, while keeping 
his foot on the foot lever for emergencies. By 


mastering this machine, the worker can punch 
and eyelet 10,000 holes per hour. 

Eyelet-hooks. Rather more difficult is 
the hook-setting machine, and it works more 
slowly, though on the same principle as that 
just described. We have seen several kinds of 
those at work, and they perform very well, 
considering the difficulty to be overcome. A 
hook is an eyelet with a fixed hook lying over 
it ; the drive home differs, therefore, from that 
of an open eyelet ; but the difference has been 
negotiated by a change in the punches. 

Linings. We have left lin- 
ings out for the moment. It 
depends on the kind of boot 
when the linings are brought in. 
Say that it is a batch of ladies’ 
boots we arc doing. Sometimes 
thciie are lined with fine morocco, 
but the kind most commonly in 
demand are lined with good 
cotton drill, edged w^ith chamois, 
morocco, or other fine leather. 

The linings are cut with the 
uppers, and sent into the 
machine-room at the same time ; 
but they are put together in a 
different way on a separate set 
of machines. On the foldiTs, neat 
little fingers Avorking under a 
machine arm turn over and 
press down the edges of facings 
and heads of the linings. Next 
the parts are joined together 
on ordinary sewing machines, 
fronts and backs being lightly seamed into 
unity. Now the upper or top, without the 
vamp or front, comes round and meets tht‘ 
lining. They are put edge to edge, the 
insides coinciding, and sewn round. When 
finished and turned right-side out, the top and 
lining are johied, and not the vestige of a seam 
appears. 

An economy is effect (‘d in this way, for you 
can attach the vamp to the lining at th(* same 
time as you are attaching tlu' vamp to the rest 
of the upjier. If it be desued to pul several 
rows of stitching on the vamp, the upper lining 
can be turned back after being joined. 

The edgings of Ihi' linings are beaded anti 
bagged in the sam(‘ A\av as the button flap, 
before described. 

When the top is compk'ted, it is pre])ared for 
the lasting, and sent in batches to the bottoming 
department. 

Cmtinued 
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THE BANK’S BOOKKEEPING 

Contingent Liabilities and Assets. The Balance-sheet 
and its Items. General Ledger Accounts. Bills 


By R. LAING 


Bullion Reserve and Note Issue. The 

care of the bullion rcsor\e and note issue will 
also be given to certain special officials. The w ork 
attendant on the first will not be of great amount 
(the needs of the bank at varying seasons be- 
coming well known in course of time), the main 
object of the officials concerned being to curtail 
as much as possible the expense of the transfer of 
( oin from one offic*e to another. 

The note issue claims more attention. Great 


usually detailed in a correspondents’ book, any 
additions or alterations being intimated by circu- 
lar. The arrangements come to by the contracting 
banks may be expressed in a multitude of ways, 
while the consideration will be determined by 
their relative needs. For example, a London 
bank acting as correspondent to a small country 
or foreign bank confers on it a much greater 
benefit than it r».ceivo8, a fact that will influence 
the terms of their contract. The consideration 


care must be taken in the first place to prevent 
forgery, the princip^.l checks against and means 
of discovery of wffiich are th? watermark, colour 
printing, designs on th^^ back of the note, secret 
marks, and the use of, say, alternate numl>ers 
only. The number of notes printed is agreed 
with that of the blank sheets delivered, and, as 
an additional check against fraud, they may be 
signed before issue by some official below the 
lithographed sigii<4.ture, although such a practice 
is not universal. The custom with regard to 
re-issue also varies. The notes of the Bank of 
England are never re-issued, but those of the 
Scotch banks are paid out again and again. 
The records of the issue and destruction (usually 
by fire) of the notes are kept by this de]iartment. 
The destruction or loss of a bank note by the 
holder is equivalent to the excelling, without 
payment, of a liability of the bank, and the 
profits accruing in this connection to banks issu- 
ing small notes are —there is reason to believe — 
of considerable amount. The amount of a par- 
tially, or wdiolly, destroyed note may, however, 
be paid upon a declaration being made, and a 
satisfactory indenmity given. 

The work of the head office, and more especially 
that undertaken by the managers and chief 
officials, includes, of course, the arrangement of 
general business, decisions on questions of policy, 
and, generally, the oversight of all large trans- 
actions, in conjunction with the board of direc- 
tors, If the bank be a joint-stock company, the 
usual secretarial duties wall be carried on at 
the head office, and the necessary returns to 
Government made up there. 

Agency Business. The head office will 
further look after the accounts between the bank 
and the various correspondents, the 
ledger accounts being posted from the Dr. 
advices or returns received from the 


may take either the form of a stipulation to keep 
a certain balance, or of a commission on the 
whole, or on certain of the transactions. An 
account with a foreign bank requires to be 
kept in two currencies, one in sterling to balance 
with the bank books, and the other in foreign 
currency to agree with the accounts of the foreign 
bank. 

If the trade of any small town does not warrant 
the establishment of a separate office, a branch 
may be opened (doing business during the whole 
or a part of the week) under the charge of some 
subordinate official of a neighbouring office, 
the manager of which is responsible to the 
head office for the transactions of both branches. 

The Balance-sheet. The balance-sheet 
is invariably drawn out in a form similar to 
that adoptevd for all commercial undertakings. 
For the sake of clearness, an abbreviated example 
is given below^ The special entries requisite 
for its completion are dealt w'ith in the course on 
Bookkeeping. 

The first two items on the liabilities side repre- 
sent the capital and the reserve fund of undivided 
profits, forming the total due to th'^ sha e- 
holders. As this amount forms the last charge 
on the bank’s assets, it is subject, in the event 
of liquidation or other w inding-up to a reduction 
equal to the sum by wLich that actually realised 
by the assets falls short of the amount at which 
they appear in the balance-sheet. Such a reduc- 
tion may be nullified, or even transformed into an 
addition, by the existence of the hidden reserve 
afterwards dealt with. 

Reserve and Contingency Fund. 

The investing and the depositing public look 
to a steady increase of the reserve fund, wffiile, 

Cr, 


branches. If, in the course of business, 
it is found that the community in any 
locality where the bank has a branch 
have large and frequent transactions 
with any other district, or with some 
foreign country, arrangements will be 
made with another bank situated there, 
to dieir mutual advantage, both direct 
and indirect. Such arrangements are 


Capital 

£1,000,000 

Reserve fund 

700,000 

Deposits 

Drafts and trans- 

13,000,000 

fers 

30,000 

Notes issued 
Acceptances and 

450,000 

endorsements 

120,000 

Proftt and loss 

200,000 

PillM rcdiH«.u\iiiteu 

(WK) of wl Ic 
£'100 1NM) hnM alu* 
uiHtnied Ai d run nl 

£15,600,000 


Cash on hand and 
with bankers £2,500,000 

Money at call and 
short notice . 1,650,000 

Investments . , 1,600,000 

Bills and Loans . 9,630,000 

Premises . . . 200,000 

Acceptances and 
endorsements 120,000 

£16,600,000 
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on the other hand, a reduction in the amount 
would have a most disastrous effect on their 
confidence. In consequence, no sum is ever 
taken from such a fund, save in most exceptional 
circumstances, and to enable this course to be 
carried out, a second (or hidden) reserve is main- 
tained, to which sums which would otherwise 
pass through the public reserve are placed, and 
withdrawn as occasion demands. 

This second fund, in making up the balanee- 
sheet, may either be included in the current 
accounts or written off the assets. 

The deposits are usually included in one total. 
Drafts and transfers follow, and represent the 
aggregate amount of these which have not yet 
been settled by the bank, either by cash payment 
or by a credit in account, while the sum shown 
against note issue is the actual amount in the 
liands of the public. 

The item “ acceptances and endorsements ” 
is only a contingent liability, and is balanced 
by an entry for a similar amount on the assets 
side. The bank has given the security of its 
name to this extent, but in the event of making 
any payment it will look to its clients for a 
refund. The business represented by the two 
entries has been already referred to. 

The treatment of profit and loss account is 
similar to that generally adopted. The amounts 
which are placed to the credit of this account 
will represent interest on loans, discount and 
commission of any nature, returns on invest- 
ments, rents, bad debts recovered, etc., w’hile 
the amounts withdrawn will include interest 
on deposits, rediscount (if any), commissions, 
stationery', rent, taxes, salaries, expenses of 
note issue (if any), bad debts, depreciation, etc., 
and, in addition, any sums transferred to reserve 
or dividend accounts. 

The amount of rediscounts is shown a-* a 
contingent liability, if the bank is in the habit 
of rediscounting. 

Assets. Assets are divided, in varying degrees 
of detail, into different classes according to the 
ease with w'hich they can be converted into cash 
or its equivalent, any item easily convertible into 
car>h being t^ermed a liquid asset. Cash on hand 
(coin, bullion, and notes of other banks) may oi* 
may not be coupled with the balances d'^posited 
w’ith other institutions. Money at call or short 
notice with brokers follows, and the proportion 
showm in the balance-sheet between the liquid 
assets and the liabilities to the public is sub- 
jected to the closest scrutiny. 

Cheques and similar documents in course of 
post may be included in the cash total or in- 
corporated in the amount shown against loans. 
The figure at which the customary investments 
in first-class stocks is entered is the one at 
which they stand in the bank books. This will 
be found to be very much below' the current 
market value, the securities, when bought, 
being written down to a figure to w^hich it is 
thought they will in the ordinary course never 
fall. Before the recent enormous fall in Consols 
it was very customary to value them at 90, but 
the unexpected course of events has rendered a 
lower figure necessary. It is usual to give in the 


balance-sheet a somewhat detailed statement 
of the securities held. Bills discounted and loans 
may be either given in one sum or in detail. 

Bank Bookkeeping. In this section it is 
assumed that the reader is either possessed of 
some practical acquaintance with the above, or 
has a knowledge of the system used in mercantile 
business. If the contrary be the case, some 
study of ordinary bookkeeping will be necessary, 
after which the special points of that applicable 
to banks will present no difficulty. One essen- 
tial difference is the absence of stock and manu- 
facturing accounts, and the attendant periodical 
stocktaking. The material property possessed 
by any bank is, compared with the total amount 
of its resources, comparatively small, seldom 
undergoes any change, and is held at a figure 
mu(‘h below its real value. 

Each entry in bank bookkeeping is a cash 
book or journal one, nothing corresponding to 
the mercantile day and invoice books being in 
use. A debit entry in a bank ledger has the effect 
either of : increasing a debt due to the bank, 
decreasing a debt due by the bank, increasing the 
amount of an account representing a material 
or similar asset, or ultimately forming a charge 
on profits ; while a credit entry ha=i the effect of 
either : decreasing a debt due to the bank, 
increasing a debt due by the bank, diminishing 
the amount of an account representing a material 
or similar asset, or ultimately forming an addi- 
tion to profits. 

We consequently find in all bank offices tw'O 
books — which may be termed the general cash 
book (or journal) and the general ledger — through 
which all transactions pass, cither briefly or in 
detail, the subsidiary books being divided into 
these classes : 

1. Cash books. 

2. (Voss entry books. 

Ik Registers (w'ith or without running num- 
bers). 

4. Ledgers. 

5. Books partly registers and partly ledgers. 

0. Books kept in d’ary form. 

7. Books recording balances and other par- 
ticulars. 

General Ledger. The table given on the 
next page represents the balances shown in an 
imaginary general ledg(*r, kept at a head office 
(the shillings and pence being omitted). 

The Bank’s Account. In the example 
given the bank is supposed to have three 
branches, a separate account being kept by the 
head office for the transactions referring to each 
of them. At each of the branches consequently 
three accounts will also bo kept under this 
heading. This method is best adapted to a 
foreign or colonial bank with few and widely 
spread branches, as it enables each particular 
branch to ascertain at any time the position 
of its account with any other office, and allows 
of the inter-branch accounts being checked 
by the offices concerned. 

In the case of a large homo bank there is no 
necessity to know the balance of the trans- 
actions between any two branches, and the 
entries will, in consequence, be passed through 
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Cr. 

£ 

Bank’s account 

' £ 


Branch A 

7,123 

97,628 

Branch B 


8,721 

Branch C 



Current accounts 

1,203,767 

1,664,912 

Loans 



Deposit accounts 

40.3.698 


Deposit receipts 

129,812 

287,693 

Local hills discounted 


284,872 

BiOs received (or rcinilted) 


1,272 

Bills past due 


777 

Stamr account 



f omniission account 

12.302 


Interest account 

36,202 

20,681 

("liarges account 



Bills tor collection 

80,721 

80,721 

Colhction bills recened 



Acceptances and endorsenn nts 

293,601 

293,601 

Accc])tances and endorsi nients 



account 



Client 



Letters of credit and circular 



notes 

1.928 


Capital 

1,000.000 


BescTNc fund 

400,000 


Contiiigcncv fund 

210,000 


Not<‘s issued 

600,100 


Dividend account 

0.527 


riiclaimed div idends 

63 


Pension t und 

90,000 


]*i ofit and Ia)Ss account 

20,918 


Suspense 

13.701 


Agenev accounts 


1,921 

Bank A 



Bank B 

16,702 


Bank C 

2,163 

900,000 

In vest 11 . nts 


164,0W) 

Premises 


200,000 

Monev at call and short notice 


299,777 

Cash at bankers 


235,752 

Cush 


)l 4,532,32H i 


14.532.328 





one account. Tlic weekly returns from the 
branches of this account in such a case, 
be audited by the h(*ad office, and may be 
divided into sections, bearing either the names 
of the corresponding branches or of the various 
cla^bes of business. The first method admits 
of an error once passed being perliaps more 
easily discovered, but the second allows of a 
summary of the different classes of outstanding 
entries being more readily made up. The 
amalgamation into one account in the example 
given would, of course, result in the substitution’ 
of the following for the first three balances : 

Dr. 

£99,226 Bank's Account. 

It will be apparent that the balances in the 
head office general ledger do not include the 
whole business of the bank, the £129,812 shown 
against Deposit Receipts being the total out- 
standing of those issued by the head office 
only. The business current at the other branches 
is represented only by the balance or balances 
at the Bank’s Account. 

In addition to the Bank's Account, the accounts 
which are common to the general ledger at all 
branches include current accounts (the balance 
of which represents the total of the accounts 
in credit less the amount of overdrafts, or vice 
versa), loans, deposit accounts and deposit 
receipts, the balances shown corresponding with 
the current outstandings. 

Discounted Bills. It is the practice 
to place the full amount of a bill, when ffis- 
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counted, to the debit of some bill account, 
crediting the discount at the same time to an 
interest account. Sums received in payment 
are credited to the bill account, and should the 
draft not be duly met at maturity the amount 
will be transferred to Bills Past Due Account^ 
the balance of which agrees with the total of 
unpaid past due discounted bills in the hands 
of the bank. A doubtful overdraft is not treated 
in this manner, but is allowed to remain in the 
relative ledger, although an amount has actually 
been set aside against it. A distinction is 
made between bills payable locally and those 
domiciled elsewhere, the Local Bills Discounted 
Account agreeing with the amount of this class 
of paper in hand. 

Two distinct methods of dealing with the bills 
not payable locally are in vogue. The transfer of 
the amount of the bill from the books of the 
discounting office to those of the office to which 
it is forwarded (for presentation for payment 
on due date) may be made either at the time 
of discount or at maturity, the draft disappear- 
ing as an asset from the books of the discounting 
branch when such an entry is made. The bill 
will, if the amount be debited at the time of 
discount, appear during its currency as an 
asset at the Receiving branch y and an account 
similar to that for Local Bills Discounted will 
be kept by it for Discounted Bills Received from 
other Offices, If the second method is adopted, 
the discounting branch will keep a Bills 
Dim) unted and Remitted Accounty which will 
correspond with the amount of bills discounted 
(other than local), which have neither been 
advised as paid or returned unpaid. Nominal 
accounts may be kept by the remitting branch, 
in the first instance, and by the receiving office, 
in the second. 

Nominal Accounts. When it is con- 
sidered desirable to know the amount at any 
time of any particular class of business, wffiich 
docs not at the time constitute an actual liability 
or asset at the office in question, two accounts 
will be opened in the general ledger, the one 
to give the total outstanding and the other to 
balance the amount shown in the former. Two 
instances are given in the specimen general 
ledger balance — the first relating to bills received 
by the head office for collection which have 
not been discounted. On such a bill being 
received an entry is passed increasing the 
balances of the two accounts to the same extent, 
and on any bill being paid or returned the 
balances are reduced by an equal sum. The 
same procedure applies to the Acceptances 
Accounty which shows the total contingent 
liability of the bank and contingent liability of 
its clients in this connection. As no book- 
keeping check exists on such accounts special 
care requires to be exercised with regard to them* 

The Stamp Account. The Stamp Account 
shows the value of stamped forms as yet unsold 
to the bank’s clients. The cheque forms, etc., 
are not stamped immediately after being printed, 
but only when required to replenish the stock 
in hand, and, in consequence, the balance of this 
account will never be of very great amoimt. 



UNKINO 


Letters of credit and circular notes represent 
the amount of such documents issued. The 
balance of a Circvlar Notes Account kept at a 
branch appears on the opposite side of the 
ledger, the head office, in forwarding a supply 
to the branch, treating the latter as if it were 
a customer, and debiting the branch with the full 
value. An account is accordingly opened by the 
branch and kept on similar lines to its local Bill 
Account. On any note being issued its amount 
is deducted from the branch account, the 
account kept at the head office being reduced 


provide che working of a pension scheme it is 
placed to a special account kept at the head 
office. Suspense Account is dealt with under 
balance work. The other accounts have already 
been referred to, and subsidiary books are dealt 
with subsequently. 

With a view to convenience, some accounts 
other than in the name of clients may be kept in 
the Current Account Ledgers instead of in the 
general ledgers. “ Unclaimed Balances ” — the 
account to which all sums left unclaimed for a 
certain time are transferred — is invariably one of 


Date. 

Dr. 

Or. 


1 Balance. 

Dei) 08 it I Deposit 
Acc<junt8 Receipts. 

Siin- 

driep. 

Over- 

drafts. 


Dis- 

counts. 

Sun- 

dries. 

Dec. 31 
Jan. 1 
Jan. 2 

30 2 

15 7 11 

32 9 
10 7 

5 

2 > 

Cr. 

Cr. 

2 7 

0 

1 

1 2 so 1 3 

2 3 7 1 12 17 6 

1 C 10 1 

17 3 

8 3 

11 2 6 

20 9 8 

9 18 11 



45 10 4 

42 16 

7 

Dr. 

2 13 


1 ^ 

j 






on payment being made by it to the ultimate 
holder of the note. The foregoing accounts 
may be added to, or divided, to suit the con- 
venience of any particular office or system. 

Profit and Loss Accounts. Profit and 
Loss Accounts are represented in the example 
given by interest, commission and charges, but 
these may be subdivided to show the amounts 
relating to each particular class of business, a 
result that may also be obtained by ruling the 
portion of the ledger used in the manner indicated 
on this page (the interest account being dealt 
with). 

The columns shown (increased to cover all 
classes of transactions) are summed and balanced 
periodically, and give the information required. 

The remaining accounts (with the exception 
of cash) come under the heading of Accounts 
Peculiar to the Head Office, The Cash Account 


these, while accounts for the temporary disposal 
of money which cannot be finally dealt with 
on receipt may be treated similarly — e,g.y an 
amount transferred from another office to await 
instructions may be placed in such an account. 

Cash Books. The General Gash Book may 
either be written up from the sulsidiary books, 
from vouchers, or partly from one and partly 
from the other, all cross entries between depart- 
ments (which in a large office will be numerous) 
being, of com*se, eliminated. It may either be 
written up concurrently with the subsidiary 
books or on the following day, the entries being 
collected and arranged in the order most con- 
venient, while the book may be closed off, either 
daily or weekly. 

In large offices, the cashiers may be divided 
into two classes — receiving and paying. The 
cash 1 ooks of the first simply rccorci the sums 
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simply represents the cash on hand, including 
the bank’s own notes in the cashier’s tills. 
Capital, Reserve Fund, and Contingency Fund 
require no explanation. Notes Issued represents 
the total handed to the cashiers or sent to the 
branches which have not returned for destruc- 
tion, the amount including all notes held at any 
office. Dividend Account,, the balance of which 
is transferred after a certain time to the Un- 
claimed Dividend Account, shows the total of 
the current dividend warrants outstanding. 

To Profit and Loss Account the balances of 
the profit and loss accounts at all the offices 
are transferred at each balance, while it is 
reduced by the sums put to dividend, reserve, 
contingency, premises, investment, pension, or 
other accounts. If any amount is laid aside to 


paid in during the day, the total being agreed at 
the close of business woth that of the relative 
waste book. 

The latter is a very wide book, in which the 
particulars are entered in a manner similar to 
that shown on this page. 

The columns may be increased and divided, as 
may be deemed necessary, while the number of 
particulars given depend on individual practice. 
The paying cashiers record all sums paid away 
(mainly cheques drawn on current accounts), the 
numbers of Bank of England notes paid out being 
d^^tailcd. 

Each cashier may deal with the ledger accounts 
only under a certain letter or letters, while De- 
posit Receipts, Country, Bill and other business 
will in all probability be dealt with separately. 
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The cash look of an official at a small office, 
however, contains the entries comprising the 
whole range of business, and in such a case 
the advantage of a columnar cash book is 
evident. By means of this any body of entries 
whose number is large (e.g., those relating 
to current accounts) may be entered in a special 
column — the total of which is carried to the outer 
column at the end of the day — making the 
discovery of errors a much easier matter. 

Cross Entry BooRs. A large number 
of books of varying form will be kept by the 
different departments to record the entries passed 
by them, the bill entries going perhaps into one, 
the corresi ondence remittances into another, and 
so on, altiiougli arrangements may be made to 
enable certain officials, through an elaborate use 
of vouchers, to deal with all such entries. All 


given to another branch or bank to cash the 
cheques of any client to a certain extent should 
be entered in the ledger, and a similar course 
adopted with regard to cheques on which an 
endorsement guaranteeing payment has been 
placed by the banker, so that, if necessary, the 
account may be kept at a figure sufficient to 
cover these outstanding liabilities. A very 
numerous body of entries (say, dividend warrants) 
may be detailed in a subsidiary book, and only 
the total inserted in the ledger. 

Checking. The checking of the entries 
should be done by independent officers, while 
fraud is further guarded against by an occasional 
interchange of ledgers. It is usual to extract 
weekly the balances shown, and to agree the 
result with the general ledger account, the return 
of overdrafts being made up from this balance. 
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cash and t'ross entry books may only be* used on 
alternate day«^. to facilitate, if necessary, the 
wf)rk of checking. The examine shown above 
will show' that a bank ledger differs somewhat 
from the ordinary mercantile form. 

In the foregoing example w e start the New' Year 
with a balance of i^lOO, £200 being received, and 
three cheques amounting to £350 being paid, 
leaving the account overdrawn £50. The balance 
must lu‘ shown at the close of each day, and, if it 
is an overdraft, must always be ])reeeded by 
the sign Dr In some banks it is not customary 


to repeat the sign (V. against ev(‘iy balance when 
the account is invariabhj in credit. The numbers 
given are those f)n the paid cheques, although the 
names of the parties in whose favour the cheques 
are made out arc in some eases entered 

For convenience in reference, the ledger 
accounts are arranged alphabetically, while the 
heading of each account should set forth the 
security held, the overdraft limits authorised, 
the names of persons authorised to operate, and 
so on, the ledger keeper being responsible to see 
that all cheques paid are in accordance with 
these paiticulars. In entering any sum received 
he should be careful to distinguish between cash 
aud cheques, to obviate the possibility of a cheque, 
the fate of which has not been received but 
which is afterwards returned unpaid, being paid 
against as cash. The particulars of any authority 
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In an office employing several current account 
ledgers, two books, ruled in the manner shown 
Mow, will be used to record, under the heading of 
(*ach ledger, the debits and credits referring to it. 
These books, which are agreed with the current 
account entries in the cash and cross entry books, 
allow of each ledger being balanced separately. 

Each entry in the deposit receipt register is 
initialled by the official who signs the relative 
receipt, a similar practice being adopted with 
regard to drafts and transfers. The columns 
in the register for these will provide for date, 


number, on whose account, in whoso favour, 
paying branch, amount, commission, initials. 

Bill Registers. The bill registers (which will 
be divided into various sections) give all particu- 
lars regarding bills received from customers, either 
for discount or for collection, and any documents 
attached thereto —date of entry, running number, 
names on bill, date of bill, currency, place of 
payment, amount, rate and amount of discount, 
details of documents, etc. In the bills for collec- 
tion section, the discount columns will be replaced 
by one in which the date on which payment is 
received or advised is marked. Bills received to 
be forwarded to some point, for acceptance and 
return, may be placed in a separate section. 

The entries relating to bills received from other 
offices do not require to be so elaborate, but tho 
due dates of these and of local bills require to bo 


Name. 

Vo 

V-B 

E-K 

L— R 

S— Z 


1 

1 





























MMKINa 


very carefully entered in a took kept in diary form 
(under the date on which they mature), to prevent 
the presentation for payment being omitted. 

Diary. The diary forms,* in addition, a 
convenient method of noting the expiration of a 
loan, or any other business which will require 
attention on a certain date. The form given 
below is one covering several classes of business. 

Discount Ledger. The discount ledger 
is kept to show the total discounts current at 
any time, the amounts of the bills being debited 
when discounted and credited when matured, 
a special account being opened for any ^lient 
discounting largely, and all miscellaneous 
items being collected under “sundries.” A 
statement may bo made up weekly to balance 
with this ledger, showing the amount discounted 
at each rate. 

In addition, hooks in which are recorded the 
particulars of periodical balances, cheque hooks 
sold, cheques and other documents received, with 
clients’ signatures and letter registers, postage 
hooks, indexes, files for letters of credit and other 
authorities, and a multitude of small memo. 
I ooks in which outstanding matters, particulars 
of securities, etc., are en tercel, will be required. 


Banks dispensing with waste books will, in 
addition, use registers giving particulars of 
cheques remitted. 

Pass BooKs. The pass books are, in a way, 
distinct fiom all the other books of the hank, 
being the only part of the system which is 
directly subject to the scrutiny of the public. 
They are, moreover, regarded as the customers’ 
hooks, the entries being placed on the nwerso 
side to that on which they appear in the bank’s 
ledger, the pa«s book being similar in form to the 
bank account kept in the customer’s ledger. 

The pass books should be written up from the 
vouchors, and not merely copied from the ledgers, 
all books in hand being regularly made up eacli 
morning to include the transactions of the 
previous day ; and when any book is handed to 
the customer concerned, a mark to this effect 
should bo placed against the relative balance in 
the ledger. The practice in Scotland is somewhat 
(hfforent. There the paid cheques are not de- 
livered till the customer has certified the amount 
to be correct. In England, however, the paid 
cheques are, on the day following, sorted under 
the names of the various clients, being either 
sent with any statements rendered, or placed in 
a pouch provided in the pass-book cover and 
delivered when the book is sent for. 


The r:3urities lodged for safe custody are 
entered under the hewing of each client’s name, 
the fullest particulars being given both of the 
bonds, etc., and of any coupons attached. On 
delivery being made of any particular docu- 
ment, the receipt on which it appears may 
be returned, endorsed, and a new receipt for 
the remaining bonds issued, or the old receipt 
may be allowed to stand, the entry in question 
being deleted and a receipt taken from the 
customer. If the documents are numerous and 
operations frequent, it is desirable that the 
client should employ a locked box to which 
persons bearing authority are allowed access. 

The bookkeeping returns from the branches 
may be divided into two sections — those which 
refer to local business (deposit receipts, current 
accounts, etc.), and entries to the bank’s account. 
Every entry in the last requires to be detailed 
(for head office checking purposes’), but the other 
transactions need only be given in brief form, 
no useful purpose being served by, say, a long 
statement of current account transactions. 

Balance Work. With a bank possessing 
a large number of branches scattered all over the 
country it is clearly impossible for the auditors 


to examine all the books personally. In con- 
sequence, the signed returns from the other 
offices are accepted as correct (the periodical 
inspci’Iion from head office supplying the 
necessary check). The ordinary weekly returns 
are made up to the night of the balance, and 
from these the head office is at once able to 
make up a balance-sheet similar to the usual 
weekly one. 

The balances of the profit and loss accounts 
at the branches having been transferred to the 
head office (after closing the books for the half- 
year), through the bank's account, the only 
modifications which the balance-sheet subse- 
quently undergoes are on account of the suspense 
or adjusting entries for interest due hut not 
ajyplied^ etc. For such entries no further par- 
ticulars are actually required by the head office, 
beyond the total amount due at each branch, 
of interest on deposits and loans of rebate 
on bills discounted outstanding at the time 
of the balance, etc. In practice, however, the 
individual amounts of principal and interest 
or rebate are given against each name. If 
the current account and deposit accoimt 
interest is applied on the date of the balance, 
no adjusting entries will be required on their 
acoount. 
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l>epoalt Receipts and Ledger Ac* 
counts. Some little time before the balance, 
the decimal and interest calculations in the 
ledgers are carefully checked to date, and on the 
evening 'previous to the end of the yc'ar or half- 
year the total amount due on each account is 
found and entered in the return previously pre- 
pared. On the succeeding night after the ledger 
balance has been agreed, the principal sums are 
also entered Tlie interest due on individual 
deposit receipts is calculated, and the leturn of 
outstanding receipts made tip betore the date 
of the balance, those paid after insertion being 
subsequently deleted. The interest on receipts 
issued during the half- 5 ^ear is calculated on each 
sc'parate amount (with the assistance of a table, 
giving the decimal for each day), while that on 
those w^hich wyre outstanding at the date of last 
balance may be arrived at similarly, or by the 
addition of the amount due for the half-year 
to that accrued at the last balance, each calcula- 
tion in the latter method being based on the 
same decimal. The correctness of the interest 
calculations may l>e pioved by keeping an 
account showing the daily balance of deposit 
receipts, the interest due on w'hich is reckoned 
111 a manner similar to that on ledger accounts. 
This, added to the amount due at the previous 
balance, less whs ^ has been paid during the year, 
should equal the sum now' due. 

Bills Returns. The bills detailed in the 
Bills Returns may be either bills remitted or bills 
received, according to the meihod of keeping the 
general ledger account. In cither case rebate for 
the time yet to lun w'ill be calculated at a rate 
(usually T) jior cent.) which will more than cover 
the iat^‘ at wiiicli discounted, a lower late than 
that of discounf inflating the curient piofits at 
tlie e^|)f‘nse of those for the succeeding period. 
No inlcie^L is (alculatcd on past due bills. 
Thcoc returns, together with any additional ones 
icquirtd by the head office for their own infor- 
mation, having been summed, checked, signed, 
and d<*spdtched, the ledger accounts having been 
closed and reopened in the usual manner, and 
the registers ruled off and new running numbers 
begun, the balance work at the branches may 
lie considered to he finished, all further entries 
being passed by the he id office 

Before passing on to the head (►ffice work, 
the important return in connortion with bad and 
doubtful debts calls for remaik This return is 
made up at each branch and despatched to the 
‘ chief office some littk time (say, one month) 
before the actual balance. In it all past due 
bills are fully detailed, the security held and 
prospects of payment being dealt w ith at length, 
and the probable loss (if any) stated. Any 
loans or overdrafts considered in any way doubt- 
ful are dealt w ith in a similar manner, although 
the return may include every loan, whether 
doubtful or not. In addition, if any loss is 
thought likely to result on any bills held but 
not matured, the circumstances w ill be recorded 
in this return, which, on being received at the 
head office, is carefully gone into by some of the 
principal officers, and the amounts required to be 
set aside against probable losses determined. 
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Head Office Balance WorR. The 

ordinary weekly audit is pushed forward aa 
quickly as possible, and after it is finished the 
outstanding entries in the bank’s account are 
dealt with, a special cross entry book or journal 
being utilised. The first class of such entries 
deals wdth the transfer of the balances of the 
profit and loss accounts at the branches, made 
by these offices on the last day of the half-year. 
These are carried to the profit and loss account. 
The book to wffiich the outstanding drafts and 
transfers are weekly transferred is next taken 
in haijd, and the items of this nature remaining 
unpaid agreed, these will be probably detailed 
in the book itself, the total being entered in the 
special journal, and appearing in the balance- 
sheet as a liability. Special entries carry the bills 
discounted and debited to the receiving branch on 
the last day of the half-year to a special account, 
the total of which is included in the amount 
shown against bills in the balance-sheet. A 
similar procedure is adojited with cheques and 
with any other entries unresponded to. 

The amount of cheques in transit may either 
be included in the amount of ledger loans or com- 
bined with the cash items. The entries in this 
special journal, or cross entry book, clear out all 
sums outstanding in the weekly returns, antici- 
pating the responding entries appt?aring in the 
returns subsequently received. Jn the ease of a 
bank possessing only one office, these entries will 
be unneeessaiy ; but entries for unapplied in- 
terest, etc, require to be passed in every case. 

The amount due by the bank as interest 
accrued but not paid, rebate, cte., forms a 
charge on profit and loss, while interest, etc., 
earned during the period just closed, but which 
has not been applied, requires to be credited as 
profit. Entries, based on the branch returns, 
w'ill accordingly be passed. 

Dcbitinc Profit ( reditiug Su^- IntcreBt duu at date ol 
and Lobs and peiiBc with bulunee by the bank on 

dei)UBit aceoiints and 
dei) 08 it reet'ipts, rebate 
on billB discounted 

Su‘'l»(nBe I’rofit uud Interest dm at the same 

1 o-s date to tlie bank on 

loaiiB, overdrafts, in- 
\e8tmentB, rent 

As 8uspt*nse account acts as a transfer account 
between the jirofits of one year and another, 
before any entries are made relating to the current 
balance the sum resulting from those passed 
at the preceding one is removed fiom suspense 
and carried to profit and loss. An amount of 
interest due to the bank, outstanding on the 
30th June (the date of the balance) and paid 
the following day, will, if the next balance is on 
the 30th December, lie included in the amounts 
of entries passed, as follows : 

I — I Debited to Credited to 

.Tune 30.. SuspenBC I Profit and Loss 

July 1.. ( urrent Accounts Interest 

Dec. 30 . . Interest Profit and Loss 

Profit and Loss Suspense 

The amount of suspense account will be in- 
cluded in the balance-sheet in the total of either 
current account deposits or loans. 
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A FLOOR consists of a framework of joists 
^ covered usually by flooring boards, the work 
of laying down the latter being allotted to the 
joiner. Floors are no longer invariably constructed 
of wood alone. In floors of large area, steel girders 
are employed, and in warehouses, factories, and 
other large buildings even flooring boards are 
sometimes discarded in favour of concrete or 
other material. In such cases there is no 
carpentry work. 

There are three types- of framework on which 
flooring boards are laid, the span of the floor 
usually deciding which must be employed. In 
all cases the boards rest on a series of joists about 
12 in. apart, nmning in the transverse direction 
to the boards. In the simplest type of floor, 
called a single floor, these joists bridging from 
wall to wall [284] are all +hat is necessary. In 
spans which exceed 20 ft., and often in much 
-mailer ones, the joists themselves are supported 
at one or more intermediate points by a larger 
transverse timber called a hinder [285]. This 
intermediate support makes it possible to use 
flooring joists of smaller dimensions than would 
otherwise be necessary. It is then called a dovhle 
floor. In floors of very large area, further transverse 
members, known as girders [286], are employed 
to afford support to the binders. Such a floor 
is a framed floor. It is called framed because the 
girders and binders are generally framed together 
at the points where they cross, but in some cases, 
where the increased depth of the framework of 
the floor is not objectionable, the binders rest 
on top of the girders. 

Single Floors. In single floors, where 
joists alone are used, they are usually made to 
bridge the narrowest way of the room or building. 
Their ends rest on wall plates, or templets, which 
in upper floors are usually built into the wall, 
and in ground floors are set on brick offsets. Very 
often offsets can be arranged for the joists of 
upper floors by reducing the walls in thickness 
above each floor. When built in, the templets 
are of stone or metal, in preference to wood, 
becaxise the latter decays in such situations and 
is bad in case of fire. At least J in. of air space 
is allowed round the ends of joists to prevent 
decay. Joists which do not have to span more 
than from about 8 ft. to 12 ft., should measure 
in section about 2 in. by 8 in., which is the 
average dimension, though 2 in. thick is a 
minimum, because a continuous line of nails 
has to be driven into them to hold the flooring 
boards, and less than 2 in. would be likely to 
split. Floor joists, like the common rafters of 
roofs, do not need to vary in strength with the 
area of surface covered, because it is found best 
to support them at intervals of about 8 ft. 


Long timbers are generally slightly curved in 
length, and should always be laid the rounding 
side up, to allow for sagging. Knots, if possible, 
should always be at the top, because they stand 
compression better than tension, and therefore 
are in the best place when in the upper portion 
of a beam. 

In ordinary dwelling houses, single floors arc 
usually sufficient as far as strength is concerned, 
but what is rigid enough for a floor is often not 
sufficiently so to prevent a ceiling below from 
cracking if the laths and plaster arc attached 
directly to the under surfaces of the floor joists. 
Anoth r objection to a single floor is that it 
transmits sound from one room to the other 
very readily. 

Ceiling Joists. Without introducing 
binders to support the joists, these two defects 
may be reduced by attaching ceiling joists to 
the undci' surfaces of the floor joists [288]. 
contact between them being made only at every 
fifth or sixth joist, to lessen the surface through 
which sound can pass. This is sometimes called 
a double floor, though it differs from the double 
floor in which binders are used. As ceiling 
joists have only the laths and plaster of the 
ceiling to support, they are of small dimensions 
compared with floor joists, being frequently not 
more than in. by 3 in., or 2 in. by 3 in. In 
floors where they have to span 8 ft. or 10 ft. 
from binder to binder, they may be 2 in. by 5 in. 
In single floors ceiling joists are nailed, and usually 
notched as well, to the unde surface of the joists, 
running, of course, transversely to the latter. 
Tn double floors they are generally fitted between 
the binders [291] to avoid adding needless 
depth to the floor. In all ease-s they project 
slightly below the other memliers of the floor 
framework, so that when the laths arc nai’ed to 
them there will be no other surfaces to prevent 
the plaster passing through and becoming keyed 
to the laths. When ceiling or floor joists are more 
than 2 in. thick, strips 1 in. square are often 
nailed to their under surface, to attach the laths 
to, thus affording a better key tor the plaster. 

Trimming. Examples of trimming are 
shown in 284. Trimming is necessary in almost 
all floors, in order to keep the joists clear of 
fireplaces, stairways, and flues in walls. The 
trimming pieces which enclo e the open space 
are stouter in section than the ordinary joists, 
an increase of an J in. generally being added to 
their w d h for every joist supported by them. 
The joints are usually tusk tenons, because that 
affords the best support with the minimum 
W‘ akening of the timbers. Sometimes stirrups 
are used instead. When the trimming can be 
effected in line with the joists, as at A [284], it is, 

4445 





BUILOINQ 

of course, more satisfactory, and when the position 
of a fireplace or stairway is fixed this sometimes 
makes it advisable to run the joists the longest 
instead of the shortest way of the span, in order 
to simplify the trimming. On ground floors no 
trimming is required, ecause brickwork can be 
built out to support joists where necessary. The 
trimmed space before fireplaces is made flush 
with the floor boards by a hearthsCsne, the edges 
of which rest on the wood trimming and the body 
on a bed of concrete, which is laid on an arch 
within the trimmed space. This arch is some- 
times of wood, but more often of brick, as in 290. 
Sometimes a flanged sheet of steel is employed. 
When the arch is large, its pressure against the 
wood trimming is consideiable, and the latter is 
often better enabled to resist it by the insertion 
of long bolts, the nut ends of which go through 
the wood, while the other ends are hooked and 
built into the wall. 

Strutting. Struts, or braces, between 
joists [289] enable them to assist each other in 
supporting a load and prevent them from twist- 
ing. They are placed in continuous lines at 
intervals of about 4 ft. In a span of 8 ft., for 
instance, there would be one line of struts across 
the centre. The herringbone method of strut- 
ting is the best and most commonly employed. 
The struts are in section about 2 in. sq., with 
their ends cut to the correct angle. They 
are held by a nail at each end, driven generally 
through a saw cut instead of a bored hole, as 
the former is more easily made, and obviates the 
risk of splitting. Solid struts are also sometimes 
employed. They are made slightly less in depth 
than the joists, and the whole series are some- 
times tightened by a long bolt passing through 
the joists close to the strutting. 

Pugging. This is often resorted to for pre- 
venting, as far as possible, the passage of sound 
and odour through a floor. The carpenter nails 
fillets and lays boards on them, as in 289, and on 
this is deposited rubble or other suitable material 
for absorbing sound. Another method is to 
tack felt on the tops of the joists. Sometimes 
felt is put on in continuous sheets dipping down 
between the joists so that it will support sawdust 
or other material in the same way as the boarding 
shown in 289. An objection to pugging is that 
the absence of ventilation tends to induce dry 
rot in the wood. 

Double Floors. A double floor is made 
up of binders, floor joists, and, in most cases, 
ceiling joists. In th .jse floors the binders usually 
lie the shortest way of the span, and they must 
rest on substantial parts of the building, never 
where there arc window or door openings below. 
This, of (course, is still more important in the 
girders of framed floors. Fig. 285 shows a 
double floor in which two binders are used, thus 
dividing the entire joist length into three spans. 
In many cases only one binder is necessary to 
support the middle of the joists. The floor 
joists are either cogged on top of the binders 
[292] or notched, and perhaps also supported on 
fillets, as in 291. The ceiling joists below are 
merely notched on, or fitted between, some- 
times tenoned in with chase mortises, but a 
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better method is that shown in 291, in which 
they are supported on fillets. Binders are very 
often of steel ‘mstead of wood. Sometimes they 
extend below' the ceiling level, as in 292 and 298, 
and have their corners rounded or beaded if of 
wood, or are boxed in if of steel. The distance 
apart of binders may vary greatly according to 
circumstances, but an average distance is about 
6 ft. or 8 ft. Sometimes, to avoid building all 
the joist ends into the wall, binders are used to 
support the ends of the joists, leaving a littje 
clearance between wall and joist ends. Occa- 
sionally, when steel binders are employed and 
it is desired to keep the floor depth as shallow 
as possible, the joists may be framed between 
the binders as in 294, or in any other convenient 
manner, but, as a rule, joists rest on top of 
binders. 

Framed Floors. The girders of framed 
floors [286] are now almost invariably of steel. 
When of timber they are generally flitched by 
bolting two halves together, with an iron plate 
between. In a few cases the binders rest on top 
of the girders, but, as a rule, they are framed 
together to avoid great depth of floor. When 
there is no ceiling the girders arc sometimes placed 
below, or, even with a ceiling, they can be treated 
in the same way as the binder in 293. When 
framed together in the same plane the lower 
flange of the metal girder is utilised to support 
the binder ends [295], and further security is 
obtained by bolting brackets or angle irons to the 
sides. Either wood or metal members may be 
connected in this way. When the girder is of 
wood tusk tenon joints may be made, but they 
weaken the girder by the removal of some of its 
substance, and therefore it is more satisfactory 
to support the binder ends by light iron stirrups 
[296]. Generally, the distance between girders 
should not exceed 10 ft., but this depends on 
circumstances. Binders are never allowed to 
occur near the middle of girders, but arc always 
divided equally on each side to strain them as 
little as possible. , 

The ends both of girders and binders rest 
in. pockets in the walls [297], or on built up 
offsets ; occasionally on projecting corlxils, 
but this is not so satisfactory as cither of the 
preceding. They are also often carried in cast- 
iron shoes or stirrups built into the wall. If th(^ 
latter plan be substantially carried out, and the 
timbers be not heavy, it is better not to let them 
enter the wall at all but merely to rest in the 
stirrup, because in case of fire they cannot then 
damage the wall when they break and the 
ends tilt up. Another good means of accom- 
plishing the same end is to bevel the ends of the 
timbers as indicated by a dotted line in 297. This 
does not appreciably diminish their strength, 
allows them to enter the wall, and also leaves 
plenty of air space. The main timbers in ground 
floors may be supported intermediately by 
brickwork [287], and those in upper floors by 
pillars or stanchions. 

Flooring Boards. These are generally laid 
down by the joiner. The forms of edge joints be- 
tween boards have already been shown in 182 to 
189 [page 3845], but plain square butt joints are 
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284. Single floor 285, Double floor with two Vniiders 286. Framed floor 287. Brickwork for main timbers 288. Ceiling 
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^93, Steel binder in floor ^4, Joists framed between binders 295. Floor showing girder and binders 296. Binder 
supported by iron stirrups 297. Wall pockets for girders and binders 298. Simple partition 299. Partition with l)oard8 

instead of laths 300-303, Trussed partitions 
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frequently employed for flooring boards. They 
are generally nailed on to the joists with flooring 
brads. In some forms of joints these can be 
concealed. Occasionally, in high-class "work 
screws are used, their heads being sunk about 
J in. and the holes afterwards plugged with wood, 
the grain of which runs the same way as the 
boards. End grain joints may be either square 
or splayed. In the latter case only the over- 
lapping part need be nailed. These joints must, 
of cour^je, always occur on joists. For the sake 
of uniformity the lenglhs are usually arranged 
so that alternate boards are joined on the same 
joist. An unbroken line of heading joints is 
never allowed to occur on one joist as it vould 
be a needlessly weak arrangement. To minimise 
the opening of joints through shrinj^ge of 
boards in their width, they should be well 
seasoned and tightly cramped together in laying. 
Narrow boards shrink less than wide ones. In 
good floors two thicknesses of boards are some- 
times laid, one at right angles to the other. In 
such cases the upper series of boards are usually 
of hard wood and less in thickness than the 
lower ones Wood blocks arc sometimes em- 
ployed instead of boards, but they are laid 
on concrete. 

The laying ( ^ floor boards should be delayed 
as long as possible to avoid getting them swollen 
by dampness in the building, and subsequently 
slirinking badly. When put down they should 
be as dry as possible. In cases where two layers 
of boards arc put down transversely to eacli 
other, the under ones may be laid as soon as the 
joists are ready for them, and the others put on 
when the main work of the building is com- 
pleted. 

The Carpenter’s Work. The dimen- 
sions of the timbers are decided by the sfian 
and by the w'Cight the floor has to carry. This 
latter ranges from about cwt. allow^ed for 
each square foot of floor surface in dw^elling- 
houses to 3 cwt. in warehouses and factories. 
The stability of girders and binders, and the 
supports on which they rest, are of more im- 
portance than joists, which need not vary 
greatly in section in any floor. The caipenter 
is provided with timbers of the section required, 
and his work consists in cutting them to length, 
making the necessary joints, and securing them 
in place. This is generally done while the walls 
are in course of erection, because it ties the 
w'alls and also provides staging on which planks 
can be laid temporarily for convenience in build- 
ing. As, with the exception of flooring boards, 
the wood is all concealed when the building 
is finished none of it is planed, and no regard 
need be paid to appearance. The work is 
usually of a simple character when the arrange- 
ment of timbers has been decided on, for the 
joints, both at ends and at intersections, are 
repeated, and are plain in character, with the 
exception of tusk tenons, which are now^ com- 
paratively seldom employed. 

Partitions. Partitions between rooms 
are very frequently of wood instead of brick 


or stone. The simplest form of partition is 
shown in 298. It is called a studded partition, 
and is intended to rest on a floor or joist. It 
consists of a square frame, the outside members 
of which may measure 3 in. by in. or in. 
by 4j in. in section, filled in with a series of studs 
measuring 2 in. by 4J in. placed at intervals of 
1 ft. or 2 ft. Laths are nailed across these and 
plaster laid on as for a ceiling. Another method 
is to use boards in place of the laths [299], two 
horizontal rails being shown in this case, the 
upper one correspon^ng with the top of the 
doorway. Sometimes the spaces between the 
studs are filled in with brickwork, and these are 
called hricknogged partitions. The partition 
is usually 4J in. thick, to correspond with the 
bricks, but in some cases when the partition is 
very small, it is made 3 in. thick, and bricks may 
then bo built in on edge. In many cases the 
weight of the partition cannot be allowed to rest 
on a floor, but must be carried directly by the 
walls. 

Trussed Partitions. The framework 
then has to bo trussed in a very similar 
fashion to that of roofs. Pigs. 300 to 808 are 
examplt's of partitions which are said to be 
trussed, and which 'will bridge fiom wall to wall, 
with much more rigidity than the first tw'o 
examples. Doorways at the side are usually 
necessary, and this complicates the trussing. 
Trussing, however, is not often now carried out 
so elaborately as formerly, the w^alls being often 
bridged by a steel girder which supports the 
partition, or the partition is arranged to come 
over one of the floor girders or binders, the 
dimensions of the latter being increased, if 
I'ecossary, to carry the extra weight. 

The vertical studs are often stilTened by 
transverse nogging pieces. Tliose may be fitted 
between [300], generally out of line as sho’svn, for 
convenience in nailing them in ; or they may be 
in one piece notched in, either flush or slightly 
below the surface of the studs. In some eases 
short pieces are rebated between, instead of 
simply nailed. When laths and plaster have to 
be attached, the studs arc generally a trifle wider 
than other parts of the framework of the parti- 
tion, so that the latter will not interfere w ith the 
key of the plaster. As with ceilings, narrow 
strips are sometimes put on the surface of wuder 
pieces so that when the laths are on the plaster 
will not have its hold interfered with by tin* 
wide surfaces immediately under the laths. 
The attachment of narrow strips for this purpose, 
both in ceilings and partitions, is called hrandering, 
or firring. Studs are stub- tenoned, and princi- 
pals tenoned through at top and bottom. 

In large trussed partitions the joints and 
methods of connection very much resemble those 
of king and queen post roof trusses. Straps and 
bolts are used in the same way, and the methods 
of jointing are the same. The horizontal 
member at the base is called the silf the one at 
the top the head, and intermediate ones intertie. 
The vertical members at the ends are wall jiaats, 
and those which form doors are door posts. 


Continued 


4448 



SOUL AND MATTER 

Group 24 

PHYSICS 

The Physics of the Body. Animal Magfnetism. Mesmerism and 

31 

Hypnotism. Psychical Mysteries Can Never be Explained by Physics 

Coiitliiuod r<»m 

• 



By Dr. C. W. SALEEBY 


IT is good to have the opi)ortunity of discussing. 
* however briefly, a subject of very grave in- 
terest, which has ^^ig^fortunately lent itself to all 
sorts of quackeries and abuses. It has long been 
positively kno^n that the living body possesses 
a number of remarkable electrical properties. 
We have already seen, for instance, that electrical 
changes are produced in the retina of the eye by 
the influence of light. Muscular tissue, also, 
is the site, under certain conditions, of the 
production of an electric* current. We may 
l)riefly remind ourselves of the celebrated obser- 
vation made by Galvani, in 1786, of the motion 
in a frog’s limbs hung from a metal railing. We 
now know that the muscles of that limb were 
alive. No current can be produced in dead 
muscle. The brief facts we have noted are only 
indications of the existence of a very interesting 
branch of science known as animal elecfricittf. 

Mesmer and Mesmerism. But the 
term animal magnetism has been applied to 
phenomena of a different kind. They were first 
and most notably exploited by the celebrated 
Anton Mesmer (i738-18ir)). It was his theory 
that the influence exerted by certain persons 
upon other persons, and notably upon some of 
their diseases, is really of magnetic origin. It 
was a reasonable inference from this theory of 
animal magnetism that similarly satisfactory 
results might be obtained from the use of ordinary 
magnets in the treatment of disease. It was not 
long, however, before Mesmer discovered that 
tliih theory did not hold ; nevertheless the term 
animal magnetism survive.s to this day, and is 
still used or abused in many quarters. Only last 
year (1905), for instance, there was published, 
under the tit le “ Personal Magnetism, Telepathy, 
and Hypnotism,” a book which contains a good 
deal of truth, but which, unfortunately, tends 
to perpetuate a delusion. We may say posi- 
tively that, in the sense in which the phrase 
has been used since it was first coined, there 
is no such thing as animal magnetism. 

We m'ust not be misunderstood. It is one 
thing to assert that there is no such thing as 
animal magnetism, another and an entirely 
different thing to deny the reality of the remark- 
able and extremely important phenomena w'hich 
this stupid phrase has been called upon to 
explain. Mesmer was a clever man, but ho had 
much quackery in him, and his successor, the 
Baron Reichenbach, w^as like unto him. This 
man believed that he had discovered an impon- 
derablCf or, as we should now say, a new form of 
energy, which he called odpl, produced by 
magnets, the human body, and other meaas. 

Hypnotism. It was just about this time 
that, in 1841, James Braid, a Manchester sur- 


geon, dismissed the physical (‘Xplanation from the 
realm of the credible and raised the whole subje(*t 
to a new plane. Wo owe to him the now 
recognised word hypnotism. The terms mesmer- 
ism and animal magnetism should be entirely 
dropped. They are wholly misleading, and 
indicate no truth at all. Amazing as the facts 
of hypnotism and suggestion are, and of the 
profoundest interest for the student of the mind, 
they have nothing whatever to do wu'th what 
physicists have called magnetism, and the sooner 
the fact is generally recognised the betti‘i. 

It has been thought by some that the recent and 
extraordinary extension in physical and chemi- 
cal knowledge would reveal some basis of fact 
for the theories of those curious people who 
jHjrsist in desiring a materialistic explanation for 
these phenomena. This is not so, howevc*] . 
Neither the “ chemistry of the ion ” nor flu* 
“ die misty of the electron ” — to quott* useful 
hrases employed by Sir. Win. Kamsay — 
as given the smallest indication of any physical 
basis for the facts of hypnotic suggestion ; nor 
need the N-rays be adduced as providing a 
probable explanation. Whether these N-rays 
exist or not, at any rate they have nothing to 
do with hypnotism, which is concerned witli 
the action of mind upon mind, and with that 
alone. 

Human Radio-activity. The question 
arises, however, whether there has not been 
demonstrated such a thing as human radio- 
activity, and whether this does not furnish at 
last a reasonable physical explanation ot tin* 
facts of suggestion or animal magnetism so- 
called — the term radio-activity merely being 
substituted for magnetism in the light of more 
advanced physical knowledge. In studying this 
question, the first point to consider is tin* 
existence of human radio-activity. As we have 
already seen, it is probable that radio-activity, 
is a projrerty possessed in varying degrees by all 
forms of matter, that which composes the 
living body being no exception. But, as w c have 
also seen, there is only a very scanty group ot 
rare elements which display radio-activity 
in anything like a high degr(*e ; indeed, the 
possession of tliis property by any elements other 
than radium, uranium, thorium, and a lew 
more, is a matter of speculation and inference' 
rather than actual demonstration. Now, though 
traces of these elements are possibly to be found 
everywhere, they are eertainly not amongst 
the recognised constituents of the human 
body. For practical purposes, we may say 
that human radio-activity is a myth. If tla* 
living animal body displays any radio-activity 
at all, it is entirely negligible, Ix'ing certainly 
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no greater than that ot a host of impotent 
Bubstances which have never been credited with 
the possession of “ magnetism.” That explana- 
tion must therefore be dismissed. 

The Body is not Radio-active. The 
notion that the living human body is radio-active 
is due to a popular error as to the meaning of 
the term radio active. Readers of this and its 
compiinion course are aware that radio-activity 
is the outward and visible sign of an inward 
atomic evolution, and that this sign consists 
of the expulsion of electrons or charged units 
of negative electricity from the radio-active 
atom. It has been thought, ho’wever, and some 
of the medical papeis liave helped to propagate 
the erroi, that the term radio-activity means 
simply the production of rays. Ti this weie so, 
the teim vould have no special meaning at all. 
Eveiything that transmitted light rays or heat 
rays would be radio-active in that sense. But 
the rays produced by radio-active bodies .ire not 
ethereal wa^es .at all, but arc actual particles 
or corpuscles. 

The hum.'ui l)ody certainly does transmit 
ethereal \\avcs, though there is no re.ason to 
suppose that those ditier in quality or quantity 
in different persons according as whether they 
possess a high or low degree of personal magnetism 
so-called. The body reflects light that falls 
upon it. It also emits in large degree the waves 
of radiant heat. If wo are to beheve Professor 
Blondlot, the body also produces the particular 
kind of ethereal waves that are named after liim, 
and if we are to believe his colleague, Professor 
Charpontier, these are produced in exceptional 
degree by active nervous tissue. None of these 
properties, however, has anything to do ■with 
radio activity. 

Non-physical Explanation of Psychi* 
cal Things. Furthermore, all these properties 
may be absolutely excluded from the causation 
of the facts of suggestion. We may study the 
phj’sit s of the body as closely as we please, but 
w e find nothing w hatever that affords a physical 
or mateiialistic explanation of these facts. On 
the contraiy, we are confirmed more than ever 
in our knowledge that they have nothing 
whatever to do ■with anything physical or 
material. They belong to a totally different 
order of existence, and no matter how subtle 
01 refined or impalpable our conceptions of 
physical existence may become, we are not one 
whit nearer finding the psychical in the physical. 
The diflercnce betw^een the two is the most ulti- 
mate, fundamental and absolute of all differences 
in the universe ; all other differences are super- 
ficial. Any kind of matter or energy can lie trans- 
formed, we may believe, into any other kind, but 
soul can never lie expressed in terms of matter. 

The term po sonal magnetism is only one more 
illustration of the constant attempt to explain 
the psychical in terms of the physical. If the 
reader desires to realise how constant this 
attempt is, let him study the materialism which 
has alw'ays been, and still is, the curse of religion, 
and from which only the religious conceptions 
of the few in any age arc free ; then let him turn 


to language and, as in the case of the two 
meanings of the word spirit, he will realise that 
men have always tried to express the psychical in 
terms of the rarefied physical. 

The Materialism of Human Think- 
ing. Thus, in discussing the phenomena of 
suggestion and hypnotism, wc must lx* entirely 
independent of any physical terms. We have 
to employ such words as suggestion and sub- 
consciousness, but we ■will surely err whenever 
we introduce material language. The ex- 
planation of the whole illusion is immensely 
significant ; it is to be found in the incurable 
materialism of nearly all human thinking. A 
purely psychical explanation will never satisfy 
anyone but the philosopher. The common 
people want something material, but, of course, 
they w^ant it rarefied. They will be most in- 
dignant if it is suggested that the soul con- 
sists of matter — and rightly so. But if wt suggest 
that the basis of the soul is electrical or ethereal, 
they arc impressed, not realising that this 
explanation is just as materialistic as the other, 
.and equally worthless. Thus, even at the present 
day, w^hen some people who sternly reprobate 
materLahsm find sol.acc in ridiculously material- 
istic explanations of psychical phenomena, we 
see the persistence of that habit of mind which 
the study of religions and the study of language 
— which is almost incurably materialistic — 
proves to have prevailed amongst mankind 
throughout tho whole of history. 

Thirty years ago it was thought by some 
tliat physics, or, rather, the group of sciences 
which wc include under that term, w\as ap- 
proaching something like finality. Tliere w^as 
doubtless much room for improvement in detail, 
but the great discoveries had been made. The 
last decade, however, has witnessed what is 
nothing less than a transformation of many 
aspects of physics and the addition to it of new 
sciences. Radio-activity is by no means the only 
subject which has sprung into new existence of 
late years. We must attempt to outline the 
main facts of some of these* in the brief 
remainder of our course. 

The Higher Psychics. It is to be hoped 
that we shall recognise how the Great Mother of 
the Sciences,” in giving birth to all these young 
children, has not lost her maternal control over 
them. On the contrary, every day shows more 
clearly, first, that each development in physics 
may be trusted to throw light upon subjects 
which, at first, may seem scarcely cognate, and, m 
the second place, that the empire of physics is 
steadily widening. Already w e are on the verge 
of explaining all chemistry in pliysical language, 
as being none other than a matter of applied elec- 
tricity, and the time is at hand when the whole of 
astronomy ■will be similarly included within the 
grasp of the great principles of physics. Wc can- 
not yet say that biology itself must be regarded 
as demonstrably no more than a higher pliysics, 
but the more closely we study living things and 
living matter, looking at them dynamically as well 
as statically, the more certain are we that this 
statement will one day be regarded as a platitude. 
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to work, when the supply of liquor at the top is 
cut off, and what remains in the char cistern 
drained off ; the char is tlien washed with hot 
water, and the wasliings run into the sweet-water 
tank as long as they show the pres(*nce of notable 
quantities of sugar. 

The char is in this way 
washed till the water 
runs clear, when it is 
allowed to drain, and 
the char taken out and 
revivified by burning. 

In some sugar houses, 
sulphurous acid is 
added to tht' yellow 
liquor and exerts v 
very effectual bleach- 
ing action, any excess 
of acid being expelled 
in the subsequent lieat- 
ing operations, t'hav- 
w'ashing ma^'hines ai e 
much used. 

Reburning Char. 



22 . 

T]u‘ revivification of 
the charcoal is effected in ])ipc kilns] 23]. The 
pipe kiln consists of a series of (ast-iron pipes 
into wdiich the char is placed and heat a])}>lied to 
the outside 0 / the pipes. The 
kilns are heated either by 
direct coke firing or by gas, the 
advantages of tlie latter 
method being that there is an 
economy of fuel, absence of 
ashes, and greater uniformity 
in heating. Benoatli the kiln 
pipes are eoiTes])()nding cooling 
pip(‘S. The cliar is brouglit to 
th - kilns w'et, and is first <lried 
and then, having beiii filled 
into tlic kiln pijies, is luxated 
red hot. The ( luo’ is next 
passed to the cooling pijies 
iiericath by means of clisoliarge 
valves, the contents of the 
cooling pipes being })assed to a 
hopper, and from this taken to 
the char cistern for use again. 

Animal Charcoal. 

Animal charcoal is pn*pared 
from boni‘s by first dcgii‘asing 
them by heating with water or 
a solvent sucli as benzem*. and 
then carbonising the bones in 
retorts. I^hc carbonising takes 
six to eight hours and during 
the process bone oil and am- 
monia are given off and 
oollectod separately. The 
charred bones are then jilaced 
in air-tiglit bins to cool, and, 
aft(U' cooling, cruslied and 
gj aded by sifting. Sugar refiners 
prcfcT- a fine grain char for 
dc(‘olorising puiqiosc^s. Why 
charcoal decjolorises is not easily answered, but 
organic bodies in the char })lay an important 
F ffri colour absorbers. These organic bodies 
radually dis-solved out by the sugar liquors, 
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and although the char can be revivified a 
large number of times there comes a time 
when the organic bodies referred to are used up 
and the charcoal is useless. 

Alternative processes of revivification have been 
suggested by artificial 
cultures of bacteria. 

Many substitutes for 
char hav^e been pro- 
posed, several of them 
containing carbona- 
ceous matter with 
absorbent earths. They 
fall far short of ehar. 

Boiling down is 
effected in the multiple 
effect apparatus and 
vacuum pans described 
in the article on beet- 
root sugar manu- 
facture. 

Crystallisation in 
Motion. In 1891 the 

Machinenfabrik (hevenbroich patent c‘d their 
method of crystallising in motion — a distinct 
advance on previous pra(‘tico. The masseeuite 
from the pan is run into the ap])aratiis, which 
takes the form of a large cylin- 
d(‘r, and is kept in very slow 
movement l)y a stirring arrange- 
ment. In most c*ases hot w’ater 
is eirculat(‘d in the outer v*esscl 
to control the cooling, and in 
some cases the vessel is airtiglit 
and woi’kc'd undei’ a ])artial 
vacuum, air pressure being 
utilised to empty the 2 )an w^lien 
finished. The process prevents 
the formation of small grain by 
inducing the crystallisal3lc parts 
of tlie masseeuite to grow on 
crystals already formed or intro- 
duced. In the latter case tlie 
crystals are brouglit up to the 
temperature of the masseeuite 
b#^fore being added. Tlie advan- 
tage of luiving large crystals 
over small ones is that the 
separation of molasses in tlic 
centrifugal machines is much 
facilitated. 

The method is used in beet 
sugar manufacture as well as for 
l esidual products of tlu' l efineiy. 

Centrifugal Machines. 
When sugar is to be machined 
it is run from the va^uuim jian 
into a hcat<?r fitted with stirring 
gear. From this it is placed 
into the baskets of centrifugal 
machines which, when revolved 
at a high speed, tlirow' out the 
syrup. The sugar is more or 
l(‘ss washed, discharged into 
bins, air dried, and packed in bags holding 2 cwt. 
for sale. The syrups and w^ashings are collected 
separately; from the syrups anothei- crop of 
crystals is obtained, while the w’ashings, being 
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purer, are boiled up with the liquors used for 
producing first product sugar. The centrifugal 
machine [24] is an apparatus which by water, 
belt, or electrical driving is spun at a rate 
varying from 500 to 1,200 revolutions a minute. 
It is arranged for discharging the contents 
at the top or bottom and lias washing or 
steaming appliances. Super- 
heated steam is used in thf‘ 

Baker proeess. Tlie basket into 
which the sugar is placed is made 
of perforated metal, the revolu- 
tion of the basket causing the 
mass of crystals and molasses 
to be violently thrown against 
the inner w^all ; the molasses 
and a portion of the (uystals 
pjiss through the perforations, 

1)11 1 the greater part of 
the crystals are retained 
in the basket. Centrifugals 
ar(‘ either driven or sus- 
pended, the latter tyjie 
being used more. The size* 
of the basket is 30 in. 
diameter, but a larger si/e 
of 4H in. diameter is in 
use which, although econo- 
mising labour, takes more 
])0WTr to drive. 

Loaf Sugar. Tlu* 
oldest form of refined 
sugar is the sugar loaf. 

To make these the inasse- 
t uite is formed with a small grain, run into a 
heater and raised to between 180° and 100° F 
From this the mass is run into conical iron 
moulds, w'hich have a small hol(‘ at the top 
or eone and a series of moulds is placed cone 
downwards in a supporting frame. Tire hole 
at the bottom is stopped up with a wooden 
spike. When the sugar has partly solidified the 
(ontents of the mould are mixed up with a 
“brushing 
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off “ hook with 
till' object of 
making the 
I X t 11 r e 
t li r o u g h oil t 
the loai even. 

T1h‘ moulds 
Kunain in the 
lilling - house 
for 10 or 12 
hours and by 
that time the 
(ontents have 
lijju? solid. 

Next, the 
moulds are removed to a warm room, the plugs 
in the cones removed and “ green ” syrup drips 
from the mould for about 24 liours. A process 
known as liquoring then takes place. The top 
•mrface of the sugar is removed, mixed with syrup 
liqm)r, chare, or clairce), and replaced. 
White liquor is then fed on to the top of the 
loaf and drains from the eone, taking with it 
^^ny coloured impurities that remain in the 


sugar. Tlie liquoring is repeated several times, 
blued water being used for the final liquoring 
until the runnings are quite clear and the loaves 
of uniform whiteness. Special ajiplianees an* 
in use for supplying mc^asured quantitit*s cd 
clairce to the cones, and suction apparatus 
worked by compressed air is employed (by 
Steffen & Seheibler) to hasten 
the passage of the liquor througli 
the sugar loaf. The loaves an* 
eventually takim out ot the 
moulds, dried in racks, aud 
wrapped up in thick paper. The 
process takes about a fortnight 
The blued watt‘r referred to aboxt* 
IS prepared from pun* ultramanm*, 
the })urpose of the slight addition 
of blue being to eorrect any rt*- 
maining tint of yello\A . 
Special centrifugal m,i 
chines are made fur juirg- 
ing sugar loav(*s in tlu' 
centrifuge, and maiiv 
ma(‘hines ha\e be(‘u 
devised for finishing oil 
the loaves and also foi 
cutting them into eube> 
Cube Sugar. TIk* 
slowmcss of the method 
of making sugar l(>a\(‘*' 
has led inventors to study 
the question of how to 
make cube sugar in a 
quicker mannei. M.uiy 
inventions to this end, w4iich involve similai 
principles, have been patented The masseeuiti* 
IS boiled to small grain and filled into divided 
moulds ot such a size that a plati* of sugsr is 
produced. The moulds are (‘ithei a kind of 
centrifugal basket or contrived to fit into tlu* 
centrifugal basket. The massceuit(‘ is (‘ook'd in 
the mould, during which proeess tin* crystals air 
joined together by a secondary erystalhsatioii. 

T he cool (‘ d 
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moulds an* 
then put in tin* 
(*entritugal and 
the syrup spun 
o u t . T h e 
plat(‘s are aho 
W’asiied with 
elairee. which 
is in turn spun 

out. T h (‘ 

moulds ai(‘ 
rtmioved aud 
t.xken apart, 
the plates of 
sugar being 
a special store in .i 


separated and dried in 
current of hot air. When the plates of sugar ai‘< 
dry, they are cut up into cubes in maehiiu‘s 
invented for the purpose. The Adant cube sugar 
proeess is worked on the above lines. 

Cube Sugar is Ousting Loaf Sugar. 
Another principle adopted in some raaehin(‘s, 
such as the Hersey cube machine, is to prodiu i* 
sticks or eiilies of sugar by m(‘ans of pressurt' 
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from soft, white sugar that has been dried and 
purged in the centrifuge. This process is much 
used in the United States. The method outlined 
above, in which the cubes are made from the 
massecuite direct, is preferable. The cube form 
is fast replacing the old form of loaf sugar. 

Granulated Sugar. Granulated sugar is 
produced by the Hersey process, patented in 1873. 
The granulator [ 25 ] consists of an outer conveyer 
cylinder 23 ft. long, 0 ft. diameter, inside which is 
a smaller cylinder 23 ft. long, and 30 in. diameter, 
arranged to revolve about five times in n minute, 
and heated internally by steam. The granulator 
is inclined from the horizontal ])osition. .so that 
sugar introduced at one end travels mechanically 
to the lower end. A current of air is pa.s.sed 
or driven through the drying chaml)ers to 
absorb the moisture that arises from the .sugar 
during its pas.sage through the granulator. 
Sugar is first ^\asiled in a centrifuge, and then 
passed through the granulator, about 30 barrels 
of sugar being treated in tan hour. 

The effective drying of sugar is an important 
matter, since, if it be stored in a moist condition, 
much deterioration or “greying" results, owing 
to the action of bacteria developed on the sugar. 
A sugar store that has become infected with 
greying " b cteria must be thoroughly disin- 
fected, Tollcns’s formal(l(‘hyde lamp being useful 
for this. 

Other Methods of Refining. Alcohol 
w’as suggested for refining sugar by Duncan 
and Newlands as long ago as 1878. The 
sugar was heated with alcohol when the sugar 
W’as dissolved; then, on cooling, the sugar was 
deposited in a pur(‘ state. Ten janinds of sugar 
required three gallons of alcohol. But the high 
cost of the alcohol and the expense due to loss 
are prohibitive. 

Jn Langan's jirocess the i-aw Migar is 
mixed with a saturated syrup so as to make a 
kind of artificial massecuite. The mass is drawn 
into a vacuum pan for the remo\al of .small 
grain and any contained air. The mass is boiled 
to form a natural massecuite, then cooled in 
cryslallisers to about 49” (\, and subjected to a 
systematic washing and liquoring with saturated 
.syrup to increase the purity. The sugar is then 
dissolved in the washing receptacle itself by 
mean.s of a special appliance. 3'he object of th<‘ 
Langan process is to prevent the w aste of sugar 
ordinarily due to solution of the crystals in the 
(•(‘ntrifugal machines. By using saturated symp 
this difficulty is overcome. 

Fontenille and Desormeaux’s Pro- 
cess. The Fontonille and Desormeaiix jiroeess 
was patented in 1898, the claim Being tliat by 
it raw sugar can be converted in less than 
four hours into refined sugar in pieces ready 
for delivery to the consumer. The method is 
worked in the following stages : 

1. Melt the raw sugar at a temperature of 
from 70° to 75° C. and at a density of about 28 
Beaume. 

2. Add finely -powdered animal charcoal in the 
proportion of from 5 to 40 per cent, of the raw 
sugar, and mix at above temperature until the 
colour is discharged from the sugar. 
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3. Filter in press-filter, or separate the sugar in 
a centrifugal machine, the charcoal being re- 
covered and washed. 

4. Reheat the syrup to 75° C. 

5. Pass the syi’up through bag filters under 
pressure. 

6. Concentrate, and boil to grain. 

7. Pass the massecuite into moulds or crystal- 
lising apparatus, or submit to centrifugal action. 
If pourel into moulds only one cleansing is re- 
quired ; if into a crystallising apparatus, the 
syrup is sucked aw^ay by vacuum, and one 
cleansing only is needed. When the centrifugal 
method is used the mass is cleansed in the 
(‘cntrifuge. 

8. The mas.s from the crystallising apparatus, 
or centrifuge, is broken up and sifted, and then 
sent to the moulding machine after moistening 
with 2 or 3 per cent, of blue water. 

9. The moulding machine forms tlio pieces 
of the size required for sale by pressing. The 
pieces are expelled mechanically. 

10. Tlie pieces arc dried in a store at fiO (\, 
either in air or vacuum. 

Crosfield and Stein’s Process. The 
Crosfield and Stein process depends on the 
treatment of the acid solution of >iigar with 
peroxide of hydrogen. 

The raw sugar is melted at about 109" F., 
and the acidity brought up to about 0*02 per 
cent, with phosphoric acid. Tlie acid sugar 
liquor at about 27° Beaume, and at a tempeiM- 
ture of 180° F., is treated with 0*01 to 1 per cent, 
of sulphate of alumina, and subsequently with 
9*005 to 0*6 per cent, of tannic acid ; then with 
0*05 to 0*2 per cent, of phosphoric acid, this 
treatment partly destroying the colour. Mliere 
deemed necessary the liquor may be treated 
with sulphurous acid. The liquor is next filtered, 
and the filtrate is treated with 00] to 1 per 
cent, of peroxide of hydrogen, and j)hosphate 
of soda or ammonia in quantities of about 
0*005 to 0*2 per cent. 

The liquor is passed through a filter press, 
and the clear, bright solution boiled to crystals 
in a vacuum pan. The massecuite, wiiicii is 
very white and bright, is machined in centri- 
fugal machines, and washed therein with concen- 
trated syrup, or, if desired, sugar solution and 
peroxide of hydrogen. 

Robin - Langlois’ Process. By the 

Robin -Langlois method, patented in 1898, the 
fibres and dust in the sugar are removed by 
blowing air across a stream of sugar falling from 
a hopper on to a series of inclined boards. 
The sugar is then crushed and treated with 
steam in order to introduce a definite small pro- 
portion of moisture, and to brighten the facets 
of the small crystals. This operation is per- 
formed in the mixer for the sake of uniformity. 
Jets of steam or atomised water impinge against 
angle plates, whence they rebound on to the 
.sugar, falling from the supply tube into the 
mixer in two streams. 

The mixer is essentially an annular .s})ae6 
between two concentric hot- water jackets, the 
rotating blades and sugar being contained 
in this space at a desired high temperature. 
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The discharge hole of the mixer stands above The tem]:)erature is then raised to 78® C. and the 
an annular trough in a revolving circular table, syrup filtered and boiled to crystallisation, 
the circumference of the two machines inter- Ultramarine. The substance ultramarine 
secting to the necessary extent. which has been referred to several times is a 

The circular table contains on its periphery a double silicate of sodium and aluminium, to- 

trough across which the moulds are arranged gether with bisulphide of sodium. It is a 

radially in juxtaposed boxes. These moulds beautiful blue colour, and is made by burning 

are open at the top, and have perforated bot- a mixture of sodium sulphate, china clay, and 

toms. They are locked, disengaged, and opened carbon in crucibles for from six to nine hours 

by special appliances uhich enable them to at a red heat. The dull green product thus 

work continuously and to be emptied without obtained is mixed with sulphur and roasted 

injury to the bars of sugar. As the annular until it assumes a bright blue colour. In the 

series of moulds revolve, they pass in turn under direct ” method soda is employed, and a very 
the discharge hole of the mixer, and are filled careful regulation of the heat of the crucibles 
with sugar by inclined scrapers ; they then pass is required for successful manufacture. Pro- 

on, and the sugar in each mould is compressed cesses of washing, sifting, and drying have to 

by a corrugated roller, fixed in relation to the be gone through before a marketable product 

table, but revolving on its own axis, so that its is ol)tained. Ultramarine exists in Nature as 

projections correspond consecutively with each lapis lazuli, and was not prepared artificially 

mould. At a further stage of the revolution till 1828, vhen the above method was discovered 

the moulds are automatically placed under independently by Guimet and Gmelin. Since 

vacuum and the syrup sucked out, and vhen then improvements in the manufacture have 

dry they are unlocked, emptied, and read- brought about reductions in the cost, and, con- 

justed continuously by the devices mentioned frequently, new uses for the product have been 

above. o^xjued out. 

La Fontaine’s Process. In the La Fon- Treacle and Golden Syrup. When 
taine method the patentee employs the redueing the syrups no longer yield sugar they are made 

agents to the massecuite instead of the raw juice. into treacle, golden syrup, or invert sugar. 

Ten parts by volume of liquid sulphurous acid Golden syrup is a purer kind of treacle. Of 

IS diluted with 100 parts of water, and 4 litres late years the quality has much improved, the 

of this liquid is added at intervals of five minutes appearance in many eases being artificially 

to 100 kilos of massecuite previously diluted improved by the addition of glucose syrup, 

with molasses from a preceding operation. The Glucose syrup is also used to pi event granulation, 

mass is well mixed, allowed to rest for an hour, but in the opinion of some experts is not noces- 

and then centrifugalised. Wlien the greater sary if the sugar syrup be well m verted The 

part of the molasses has separated, 2 litres process of inv'^^rting sugar is explained in a 

of the sulphurous acid solution is added by an separate lesson, either the acid process or Tomp- 

atomiser jet to attack any colouring matter "that son’s yeast method being used, although there 

may have escaped action and be still adhering are objections to Tompson’s method on account 

to the crystals. By means of a perforated of the introduction of organic matter. The golden 

tube depending into the centrifugal macliim*. syrup is passed through a char filter and when 

a mixture of c£y steam and peroxide of hydro- perfectly bright and clear is concentrated in the 

gen (6 vol. strength) is injected to remove any vacuum pan to the required viscosity, 

lomaining sulphurous ac*id. After five minutes Residual molasses of too low a quality for 
of this treatment the crystals become remarkably making golden syrup is sold to the cLstiller or 
white and completely transparent, thus indicat- used for cattle food. 

ing their purity. Although this process does The Refinery. The site of a rclinery 
not properly come under the head of refining should be well chosen for the purchase of raw 

sugar, it is given here as indicating one of the sugar, and the distribution of the finished sugar, 

newer methods of vhitt'ning sugar. If near a coalfield it would be an additional 

Ranson Process. In the Ranson process adv^antage. There should be a good supply of 

the syrup is made alkaline with barium hydrate soft vv^ater and the cost of labour should be 

or sodium carbonate, and hydrogen x>^roxide moderate. The blow-ups are placed on the top 

added in the proportion of from I litre to 5 litres floor of the factory, beneath them being the 

per 100 kilos of sugar, according to the colour Taylor filters, and lower still the char filters, 

of the product. The decoloration is effected The char kilns are usually in a separate 

gradually. To every 100 kilos of sugar 100 building. The number of rdiiieries has much 

grammes of powdered animal charcoal freed from diminished of recent years ov ing in a great 

phosphate is added to accelerate the liberation measure to the baneful influence of sugar 

of oxgyen from the hydrogen peroxide by which boimties. In 1875 there were 20 refineries in 

the decoloration is effected. Tlie excess of London, 9 in Liverpool, 5 in Bristol, 2 in Man- 

oxgyen is removed from the syrup by adding Chester, 1 each in Earlestown, Plymouth, and 

hydrosulphites of aluminium or barium or by Newcastle-imder-Lyme, 13 in Greenock, 1 in 

producing hydrosulphurous acid in the sjrup. Leith, and 1 in Dublin ; total, 52. At the present 

The excess of sulphite in the syrup is converted time there are approximately only 10 refineries 

into sulphate by adding hydrogen peroxide. in the United Kingdom. 

Continued 
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conduits, from the cxtreino boundarieo of the district 
to the point of observation. 

(3) That the maximum rate of flow is reached 
udicn the greatest cumulative rainfall applicable to 
the duration of the minimum time of concentration 
and to the district considered 
occurs. 

(4) That the total volume of 
storm water received is pro- 
jKirtionnl to tJie maximum 
rate of flow. 

Overflow C h a m - 
bers. The design of storm 
overflow chambers (IJ de- 
serves a reference, and the 
following is a description of 
one adopted at Birmingham 
with success, and detailed 
observations arc given in 2 . 

Mr. Lloyd Davies' paper. 

The overflow sill is situated at a level equal 
times the average dry- 
weather flow in the foul 
>ower. Across the foul 
sew’or at the silLlevel a 
cast - iron separating - 
jilatc, V, is fixed hori- 
zontally, and to this L 
riveted a vortical deflec- 
ting plate, W, with a 
hood. When the flow 
(exceeds the volume 
giving the requisite 
dilution, the surplus 
storm - water is accu- 
rately separated and 
deflected into tlic relief 
culvert, X, the re- 
mainder passing fn'ely 
under the plate, and 
down the foul sew^er, Y. 
'Hie length of the sill is 
arranged so that a large 
percentage of the over 
flow will fall into the 
tumbling bay, Z, before 
tlie plates arc brouglit 
uflo action, and undue impact is thus avoided. 

The reason for taking six times the average 
dry- weather flow is that at the 
pres{*nt time the Local Govern- 
ne^iit Board requires provision 
to be made for tliat amount at 
sewage disposal outfalls. 

Treatment of Isolated 
Buildings. For isolated build- 
ings and villages, w'liere no 
sewerage system is admissible, 
the excremental refuse is got 
rid of by dry earth closets, 
pail, or midden system, and 
by cesspits. In the first -named 
the refuse has to Ix' removed 
from the dwelling promptly, and 
disposed of on land in the neigh- 
bourhood, where it can be 
utilised for agricultural pur- 
poses. If cesspools receive the fluid refuse, they 
should he placed so that wLen filled, whatever 
overflows is conveyed to adjoining land of a 
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suitable charactei to allow the fluid to sink 
quickly below the surface, and away from wells. 
In cesspools a septic or liquefying action takes 
place on the organic solids. A certain amount 
of solid matter, how ever, re- 
mains, involving the clear- 
ing out of the cesspool at 
stated times. 

Laying Out a Sewer« 
age System. Having 
ascertained what amount of 
•^cw’age has to be provided 
for in the sewers, we noAv 
considiT how to lay out a 
sewerage system. It is ob- 
vious that the total dis- 
cliargf* from a town mu^^t 
va ry during the twenty-four 
liours. It is usual to calculate that about on'‘- 
half the flow will pa^s off in six hours, or about 
S per cent, per hour in tlic tribal ary scwtts 
The volume to he provided for in the main 
outfall sewer wall be atfected by the dis- 
tanccs of the tributary sewers serving the 
various parts of a large town from flu* *> 
outfall sewer, and also by their gradi- 
ent*^. The sewage from one ])art will U 
reaeh the outfall sooner or latt'r than from j] 
another. J* 

Jt is usual to ealculatc th(‘ size of tlu^ || 
sewer so that it runs 
about two - tliirds or 
three-quarters full at its 
maximum flow, with a 
velocity of about 3 ft. 
per second. wLich, it lias 
been decided, wall carry 
away the usual solid 
matters, and prevent 
them depositing and 
putrefying. In large* 
sewers, a velocity of 
2J ft. per second should 
be obtained wLon they are running one-tliirel 
lull, 2j ft. i>or second when running one-halt 
full, and 3 ft. per second when running two- 
thirds or three-quarters full. The velocity should 
never be le^s than 2 ft. per 
second. 

Automatic Flushing. 

If file district be flat, so that 
the levels do not admit of the 
gradients giving the inquired 
velocities, automatic flushing 
tanks have to be adopted, or 
th(‘ sewMge can be headed 
back by penstocks, placed so 
as to divide the sew'ers up into 
sections. The rush of fluid thus 
produced ensures the solid 
matters being carried forward. 
The illustration [2] shows an 
automatic* flushing chamber 
wutli which the name of the 
late Rogers Field, the in- 
ventor, will always be associated. 

Fig. 5 is an illustration of an Adams flushing 
tank fixed in a manhole. 
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When the manhole has to bo entered for any 
purpose, it can be drained by removing a plug, 
which clears it of water. 

Penstock. A penstock consists of a sliding 
flat plate or shutter which fits into, and (‘an 
move up and down in a grooved recess at the 
bottom of the manhole in the sewer. This 
sliding plate is 
attached to a rod. 
by which the pen- 
stock is put into 
operation. A man 
scrc'w's down the 
plate, and closes the 
lower part of the 
sewer, thus heading 
back the sewage*, 
which rises behind 
the penstock until 
the sewer is filled to 
any height that the arrangement has provid(‘d. 
After a time the man returns and raises tin* 
penstock, causing the impounded sewagt* to pass 
with a rusli down the sewer. 

Tlie form of penstock shown |3] is provid(‘d 
with a rod, and is moved up and doA\n by 
means of a key which fits on to the top of the 
rod. For smaller sewers the same object can 
be attained by means of an ordinary disc valve, 
a form of which is shown in 4. 

Storm O/erflows. In tin* event of 
sewers m*eiving the wlioh* of the rainfall it 
is essential that provision should be made of 
storm overtio\^s or relief sewer.^, to deal with 
times of floods due to exceptionally heavy 
rainfall acting for a short time, 
resulting in the sewers becoming 
gorged, and flooding the base- 
ments of houses. We can best 
emphasise this by giving par- 
ticulars of a ease in which the 
uTiter was engaged some years 
ago. A district on the south 
side of the metropolis had been 
gradually built over, but no 
adequatt* incre,ise of the sewer- 
age system had been made. 

Kventually, a heavy fall of rain 
occurred, which caused one of 
the sewers to become gorged, 
and houses wtTO flooded, doing 
much damage. This sewer dis- 
charged into one of the melro- 
jiolitan outfalls, which, being 
also gorged, could not receivt* 
the sewage. The writer had to 
investigate the matter, and a 
relief sewer, together witli a 
storm overflow, were proposed. 

A study of the illustration*^ 

[6 and 7] will explain the state 
of affairs at the time of the flooding, and the 
remedies. 

The diagram [7] shows how the gorging 
of the old sewer was to bo remedied by pro- 
viding a storm ov^erflow when the sewage 
roee to a lev’cl of 42’Or), v\hen it passed away to 
the new relief sewer. 
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Sixe and Gradient. Having ascertained 
the volume of sewage to be dealt with, and 
the various levels of the ground and of 
the house drains having been recorded, we 
have to calculate the size and gradient o‘ 
the sewer to carry away the sewage. The 
followung formula has been adopted by the 
wTiter : 

where V — the mean 
velocity in feet per 
second, R - the “hy- 
draulic radius ” in 
feet — that is, 
area of water 
wetted perimeter 
S - the cosecant of 
the angle of incli- 
nation of the hydraulic gradient — 

- a eoc'ffieient representing the roughness of 
the surtaee. 

The index .r, the root n, and the coefficient C 
depend on the nature of the surface of thi* 
channel. 

For brick sewers in good condition, the value 
ot ,r - -01. V ~ 2, and C ^ '()0774(). Thv 
formula for brick sewers therefore becomes 
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whc're C — •00774() 

In the wi iter’s book on “ Sewerage and 
St'wagp Disposal ” a diagram is 
given, from which can be 8(‘alod 
the velocities, discharges, etc., 
of various sewers, without 
having to w-ork them out by 
the formula. 

An oval or egg-shaped sewer, 
instead ot a circular one, has an 
advantage, ownng to the gri'at-ei- 
velocity obtained in the con- 
tracted lower jiart of tlie oval, 
when the \olume of seviage is 
at its minimum. 

The internal dimensions of 
an oval or (‘gg-shaped sewer are 
determined as follows : 

If D — the internal depth of 
the sewer — that is, from 
the top of the arch to the 
surface of the invert, 

R - the radius of tlie top 
of the sew"er, 

r = the radius of the invert 
of the sewer, 

X = the radius of the sides 
— that is, the eurv’^e 
joining the lof) and bottom ciirv'es, then 

D - .r 

I) 

^ - « 
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In some cases r is taken at J of D, where the 
sewer has to convey at times only a very small 
volume of sewage, as the contraction of the invert 
tends to prevent deposits by increasing the depth 
of sewage, and (jonsequently improving the 
velocity. If the volume of sewage bo subject 
to great fluctuation, so that at times it is very 
small, the egg-shaped or oval sewer is preferable 
to the circular form. Where the sewage generally 
half Alls the sewer, the oval shape loses this 
advantage, and the 

circular shape is — rr . tr .. ? 

cheaper to make, 
vhile it is also ' ' 

The thickness of g sewe 

sewers varies with 

the size, the nature of the ground, and the 

depth. A 4J-in. ring of brickwork suffices for 
the smaller sizes in good ground. In larger 
sewers the thickness varies from 9 in. upwards. 

'Hie thickness can be ealculated by the formula 

= thickness of brickwork in feet, 

where D= depth of exeaxation, and R = ex- 
ternal radius of sever. 

Manholes. Sewers must be laid in straight 
and not curved lines. TJie invert of the sewer 
must also be a straight line. Any alterations 

or depressions both inter- 

tere with the flow of 
sewage and assist tlu* foi 
Illation of deposits. At 
every change of direction 
of the sewer a manhole 
should be placed. This is irn 
carried to the surface of _I“ 
tJie road, and enables a ZIL 
man to go down and in- ZI"! 
spect the sewer between "f." 
the manhole in which he 
is and the next one, a 
light being placed in the ^ - 
latter. It is usual to have 
means of insjiection every ."Ip 
100 yards so that if the 
manholes be farther apart, p i 
owing to a long piece of 
straight sewTr, a lainji- — j 
hole is placed at these ^ 
inti'rniediate points. IXI 
Lampholes are small, 
vertical iron or stone- 
ware pipes carried up I 

to the road level so 9 reeves' vexttlatino apparatus 
as to enable a man 

to lower a lantern to the sewer at that point. 

Syphons. When the sewer has to be 
carried under the bed of a stream, either in the 
form of a syphon or in the continuation of the 
gradient, it is best to make it of cast iron, as 
the flanged pipes can be bolted up on rafts or 
barges, lowered into position quickly and covered. 

^"ig- 8 shows a syphon carried out by the writer 
in this way. 

The syphon was tested by w^ater pressure to see 
that it was sound, and the trench w^as filled with 
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concrete, by means of wooden funnels, to prevent 
the stream washing away the cement. A copper 
wire cord ought to bo passed through the 
syphon before it is put into position, and left 
there permanently to admit of a scraper being 
drawn through at any time the pipe may get 
blocked. 

Open Grids. Covers are placed over all 
manholes and lampholes, with open grids or 
gratings in them for vimtilation. These grids 
should form part of 

' ^ system of venti- 

lation acting as in- 

outlets consisting of 
.SYPHON pipes carried up 

the sides of houses 
or trees, and away from windows, or columns 
in the road placed at shelters, etc., and at 
a height sufficient to cau.se any foul gas to 
be diffused above people's heads. In certain 
cases these open grids have to be sealt‘d. Somt* 
advocate the abolition of the tra^) on the 
house drain, so that the soil-pipe will act as 
an upcast for the foul air from the public 

sewer. This is open to the objection that tin* 
pri\ate house will then be reetMving the ob- 

jectionable sew'er gas, wdiich should be dealt 
w'ith in some systtunatic and intelligent way 
by the public authority. 

Sewer Ventilation. The ventilation of 
sew’crs is a matter of such im])orlanc(‘ in rx'gard 
to public health that it deserves full considera- 
tion, and reference will be 

made to systcmis which have 

n employ(‘d to prevent 

I the obnoxious gases wdiicli 

. ^ IT generated in sew’crs from 

.TZ) causing injury to the health 
‘ ‘ of those who are exposed to 

their emission from gratings, 
or otherwisi'. In some cases 
fPOHi View surface gratings cannot be 

l egarded as a solution of the 
problem even with upcast 
shafts, as the atmospheric 
conditions may at times be 
1 I ' > unfavourable to the removal 

1' ^ i means of 

' ' i the upcast. If the sewers 

I » I hav(‘ propt*r gradients and 

M j are self cleamsing, the usual 

provision of gratings and 
' ] upcast shaft.s will ensure the 

s.ot vitw proper change of air; but 
Cl’ tli^re are many ca.ses where 

, APRARATUS Conditions do not exist, 

and it is well to record how to prevent sew’er air, 
under such circumstances, from being a danger 
to health. One system which has been employed 
with success is called the Reeves system. 

This is based on the use of chemicals in 
the sewers, wdiereby the noxious gases an^ 
deprived of their injurious properties. Fig. 9 
will explain how this is effected. 

A ventilating apparatus has been brought out 
by Messrs. Stone &; Company which deserves 
mention. Pig. 10 shows the apparatus in a 
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tank ready to be fixed in the sewer, the foul 
gases in which it is desired to neutralise. 

Fig. 11 shows the apparatus fixed in the 
sewer ready for use. 

Construction of Sewers. In the con- 
struction of brick sewers only well -burnt and 
well -shaped bricks should be used, and they 
should be well soaked to prevent their absorbing 
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water from the cement The sew'er invert should 
have a smooth and hard surf ace to diminish 
friction and to prevent erosion Blue Stafford- 
shire bricks, glazed fireclay biicks, or hard 
blocks w'ell glazed on the suifaee are generally 
used for inverts l^he bricks should lie radiated 
to suit curves ^o that no more* mortar is us(d 
than is necessary to make the joint. The mortar 
should be made of one part of best well -seasoned 
Portland cement to one of clean. sh.irp sand. 
(h)od hydraulic lime or blue lias lime is some- 
times used The materials require gn'at care in 
selecting, and th<* mortar should Ik^ used as soon 
as mixed Brick sewers aie somidimes built in 
sections in wooden moulds 

Where the nature ot the ground requires it, a 
brick sew Cl should bt* strengthened by encasing 
it partly or v\ holly with cement concrete, and 
if there are several rings of briekv^ork a “ collai 
joint " of cement about 1 in. thick between each 
ring ensures the v\atcrtightness of the work. 
The joints oi biickwork should not be too thick, 
the fac(‘s lK*ing not moi<' than \ in. apart. The 
trow'cl should be p<isscd ov'-er th<* mortar to 
increase its density The work ought not to be 
exposed to eontaet with water until it is w'oll set 
In v^ery wet ground a subsoil drain should be 
placed iind(‘r the trench to take away the v\ater 
to the pumps, instead of its running at th(‘ 
bottom of th(‘ trench to the pumps If the 
sewer be made when* any settlement of buildings 
may occur great care should be taken to timber 
the trenches w ell, and even to leav e the bulk of 
the timber in, in orch*i to avoid the risk of 
subsidence 

Concrete Sewers. Some very gotid 
sewers have been madi* entirely of concrete 
consisting ot six parts of gravel and sand free 
from earthy matter to one part of Portland 
cement. The invert of the sewTr is first built, 
then (’oncrete is well rammed behind a 
mould with a smooth surface — formed of sheet 
zinc or other material — and the top of the 
sewer is turned upon centres. If the interior 
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be well rendered with cement, a good sewer 
can be made, provided the best well -seasoned 
cement and perfectly good materials are em- 
ployed, otherwise concrete is liable to crack. 

Stoneware Pipe Sewers. Stoneware 
pipes can be used for sewers up to 21 in. 
in diameter. Beyond that size sewers are 
generally made of brickwork, as the handling 
and jointing of pipes of large size results in their 
costing as much as brick sewers. Stonew^are 
pipes should be made of good vitreous material 
having a clear ring when struck and having 
strength to stand shocks and strains. They 
should be w^ell burnt at a high temperature with 
a salt glaze which permeates the body of the 
pipe and renders it impervious. They can be 
tested for impermeability by closing the lower 
end and filling the pipe with water. Any lowering 
of the water will disclose defects. By diying a 
pipe and weighing it, and putting it in water for 
a while and re-weighing it, a test of imper- 
meability can be made. 

The joints of ordinary stoneware j)ipes should 
be caretully made so as to be watertight. This 
requires the enforcement of certain well-known 
conditions. The bed has to be prepared on which 
to lay the pipes, with spaces taken out to receiv e 
the socket, so that the whole length of the barrel 
is supported. Where the ground la not thoroughly 
sound and solid, a bed of cement concrete about 
() in. thick should be laid at the bottom of the 
trench, vith similar spaces for the socket. Tliis 
layer of concrete can be carried up after the 
jointing is finished, so as partly or wholly to 
encase the pipes, according to circumstances 
After th(* end of one jiipe has been placed in the 
socket ot the other it should be butted home 


and tarred gaskin should be caulked up to the* 
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face. The joint 
is then com- 
pleted by filling 
the space with 
cement finishc'd 
off neatly by a 
fillet outsid(‘. 
Either neat 
Portland ce- 
ment or half- 
clean sharp sand 
and half cement 
ran be used, but 
not clay. A pro- 
perly made joint 
depends first on 
the pipes but- 
ting home, then 
on the gaskin 
being caulked 
up to the face 
of the socket. 


and, ]astly 4 on the ring of cement lieing of 
equal thickness all round. 

Special Joints for Stoneware Pipes. 

There arc means of jointing stoneware pip(*s 
other than the ordinary v^^ay which has been 
described The earliest departure was the Stan- 
ford joint, which was formed by the contact of 
two conical surfaces east outside the ends and 
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round it, having a groove in it of a spiral or screw 
shape. The socket [16] is lined with a similar 
band of material also having a spiral groove. 
The socket has two boles side by side, one 
connecting to each end of the groove. When 
the spigot end is pushed home the two 
grooves form a cavity into which liquid 
Portland cement is poured in at one hole until 
it appears at the other, which shows that 
the spiral cavity is filled. 
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inside the sockets of the pipes. The surfaces, 
when in contact, were relied on to make a water- 
tight joint, and were found of service where 
sewers had to be laid in ground with much 
water. Such joints require the sewer to be much 
supported, as any settlement draws the joint. 
Improvements have Wen made on this by casting 
the ends of the pipes with annular rings on both 
spigot and faucet. These can be filled with liquid 
cement poured in through holes in the top with- 
out risk of its being washed out 
or disturbed, as is the case with 
ordinary cement joints. The 

Hassall ” was the first joint 
based on this principle. 

There are many more recent 
aiTangements vliieh have been 
])atented for making joints in 
stoneware pipes, and "we .shall 
refer to some of them. 

In making a tarred gaskin 
and cement joint in an ordinary 
.stoneware pipe, dependence has 
to be placed in the barrel being 
kept in the right position by 
hand until the gaskin is rammed 
in at the bottom to ensure that 
the spigots and faucets of the 
pipes are in their right positions. 

If this is not done properly the 
^pace that has to ])c cemented 
may bo greater at the top than 
at the bottom. The writer once 
inspected a long length of leaky 
stoneware se^vel^ where he 
found that the leaks w’ore caused 
by the absence of any gaskin 
and cement at the bottom. 

Many forms of joints have been 
devised to prevent this, and 
some are shown from 12 to 28. 

Stanford Joint. Fig. 12 
is the Stanford joint, the spigot 
end of which is provided with 
an annular bituminous band, 
uhich fits truly into a similar 
band in the socket. These 
bands are greased over before 
the spigot end is driven home, 
thus forming a watertight joint. 

Fig. 14 shows another form of 
this joint, where the band.s are 
only half the width, thus per- 
mitting the joint to be finished 
with a fillet of cement. 

SyKes Joint. The Sykes 
joint shown in 13 has been ex- 
tensively used by the \\Titer. The s})igots and 
sockets of the pipe are provided with bituminous 
rings which, when in position, form a groove 
into which liquid cement grout is poured. The 
illustration also .shows a screw stopper for plug- 
ging temporarily the branches on the main 
sew^er provided for house junctions. Another 
form of ^kes joint is shown in 19. 

The Spiralitic Joint. This is a recent 
form of joint [15] in which the spigot end of the 
pipe has a band of bituminous compound cast 


SEWER JOINTS 

Other Pipe Joints. Parker s safety pipe 
joint is another form of joint for stonewa’T pipe 
sewers. Fig. 18 shows its construction. 

The Archer eccentric jiipe joint, as shown in 
20, is in substitution for the old joint of the .same 
patentee, which was abandoned some years ago. 

Brown’s hydrotite joint is another arrange- 
ment, and is shown in 21 and 22. 

The Freeman-Hines joint [23 and 24] is a new 
form of joint, effecting rapidity of laying with 
watertightness. On to the spigots of the pipes 
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and to the faucets of the sockets are cast bitu- 
minous eooentrio bands, which, when brought 
together and slightly twisted, form a small 



.JbWwy tthUH 

29. shoxe's eje( tor 

cavity which, after being tilled with bitumen, 
com])lctes the joint. 

Wakefield’s insertion pi^x* oi junction, as 
shown in 27, is useful uhen the barrel of a 
sewer has to l>e broken in order to form a house 
connection. 

Hassair Shingle lined joint is sonu*- 
what similar to the Stanford joint, 
except that the sockets are mucli 
deopeT’. The spigot ends and sockets 
are provided with narrow bands of 
bituminous compound. The spigot 
end, after b#^ing pushed home into 
the socket, leaves a space M'hich is 
filled with cement as show n in 26. 

Hassall’s two-lined joint is show n 31 second 

^ trap 

Cast-iron Sewers. In some 
eases it is found necessary to employ <-ast-iron 
instead of stoneware pipes for sewers. The 
usual method of jointing east -iron pipes is that 
showTi on page 4340. It is sometimes found more 
expeditious to use a turned and bored joint. 

AnothiT feirm of joint for cast-iron mains is 
showm in 25. and is tlie one generally used 
for syphons under rivers. The faces of the 
flanges are usually machined, the joint being 
completed by a rubber ring placed between 
the flanges preparatory to their being bolted 
together. 

Sewage Pumping. In laying out a 
sewerage system, care should be taken to 
avoid unnecessary pumping if the levels in- 
volve the sewage being lifted to reach the 
outfall. In some cases the higher part of a 
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district can discharge its sewage by a gravi- 
tation sew’er, leaving only the lower part to 
be pumped, instead of bringing the sewage from 
the high district down to uie low . 

The size of the “ rising main,” 
which conveys the pumped sew- 
age, should be calculated 
jM^rnmut so that the velocity in it 
conforms to what has 
already been stated as necessary to 
prevent the deposition of solids. If 
the rising main pass over a summit, 
an automatic air-valve should Ik‘ 
placed there to prevent an air lock. 
Fig. 82 shows one manufactured 
by Messrs Ham, Baker & Co. 

It is advisable to plat'e a back- 
pressure or reflux valve [85] on 
the rising main near the pumping 
station. This prevents a rush of 
sew age taking place should a break- 
down occur at the pumps. 

If the district to be sewered be flat, and low - 
tying in reference to the outfall, it is often 
impossible to get the necessary gradients without 
laying the sewers in places at a considerable 
depth, and perhaps in waterlogged ground, 
involving heavy expense. 

Shone’s Ejector. When sew'age has to 
be raised at places where the establishment of a 
steam or other kind of pumping station might 
be undesirable, or would raise oppo- 
sition, the power necessaiy to lift 
the sewage at such points can be 
developed at any eon v(*n lent spot 
at a distance, transmitt t‘d to these 
points, and applied to suitable lift- 
ing machinery placed in chamlK'rs 
beneath the surface of the ground. 
One appliance that is much employed 
is Shone’s ejector [29], of which th(‘ 
following is a description. 

This is an automatic arrangement 
by w'hieh compressed air is applied 
to the surface of the sewage, col- 
lected in an airtight receiver from 
any number of low^-level sewers. 
The pressure of air forces the low- 
ievel sewage from the receiver t^) 
a sewTF at a higher level which conveys it to 
the outfall. 

The illustration [29] show's a recent installa- 
tion of this system consisting of two ejectors, 
E and Eh placed in a circular east- iron chamber, 
eonstrueted below the ground. Those ejeotore 
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work alternately, being regulated by an ingenious 
arrangement of valves at P. The admission of 
compressed air, and also the exhaust air from 
the receivers, are controlled by automatic air 
valves V* ‘and actuated by floats, as 

showp by F' and F^ in the ejector, E, attached 
to rods which are connected to weighted levers, 
W. This device is arranged so that when the 
receiver is empty, its floats assume their lowest 
positions. As the incoming sewage rises, and 

pressed 'air 'io ^ 

the surface of 

1 he sewage, col- 34 adam's sew \(:e lift 

l('cted in, and 

lilling the receiver. The contents of the receiver 
.ir(‘ then rapidly removed and discharged into 
the high-level sower. The floats, falling with the 
.ewage, cut off the cornjiU'essed air supply, and 
also open an exhaust valve, which r(*leas(‘s the 
<‘xpended air in the receiver. 

The Liernur System. The removal 
of the fluid refuse from houses by this system 
is effected by pneumatic agency, it was 
adojhed many years ago at Amsterdam, where 
the writer saw' it in operation with the late 
('a])tain Liernur. The system has been more 
recently successfully adopted at Trouville in 
France, Ixyden in Holland, and at Rtansl(‘d 
in Essex, 'riie sewers have to be, 
of course, airtight, and are of iron. 

Where n sewer receives solid 
matters which may deposit, as is the 
case especially in Oriental cities. 

Avh(*re the underground conduits 
connecting with the sewers receive 
much coarse material, it is claimed 
that the Liernur syshun meets the 

difficulty. T , . . 35. uefli 

hig. 33 IS a diagram of a district 
reservoir into which the sewage from the ar(*a 
which it stTves is discharged by this system. 

Each district reservoir is constantly in con- 
nection with the vacuum pipe, in w'hich a 
vacuum of not more than half an atmosphere is 
( onstantly maintained by the engines at the 
pumping station ; and, in order that everything 
may he entirely removed from the district pipes 
and the house receptacles, these arc put once a 
day into communication with the district 
reservoirs, with which they are connected. This 
is done by a man first proceeding to close the 
cocks R and opening the cocks ^1, thus establish- 
ing the communications with the vacuum pipe, 
hich is always under depression, and the 
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reservoir. Ho then proceeds to open the cocks 
R one after the other. As he does so the 
atmospheric air rushes through the soil pipes, 
or air inlet, causing strong pressur ' to be 
exercised in the matter in the receptacle R, and 
forcing the same into the street sewers and the 
reservoirs. After that, cocks R are closed again 
and tap A is opened, this making the communica- 
tion with the main sew^er (under vacuum), 
opening at the same time an air inlet over the 
rc.servoir, by which means the whole of the 
sewage collected in the district reservoir is 
sent to the main station. The ojieration being 
terminated, tap A is closed and taps R again 
opened, and ordinary conditions restored, llio 
ojieration takes ttm minutes. 

Th(‘ maintenance of th<^ seals of the house 

traps is effected 
1 as follows. 

The first tra]) 
^ ^ w’hich all 

IgJ jTXXik tia ||W ,1 first passes 

' MW B '^hown in 30. 

^ Mii itEy* r ' Ifw E ^ inlet, 

B the outlet, 
bi'ouglit into 

action the contents will be icduci‘d to a level 
slightly above that of tlu* line X V. as show'll, 
because the air will force itself through a small 
depth of water seal, and th(‘ water always 
riunains above the level X Y. 

The second trap is formed as shown in 31, 
being simply an enlargement of the soil ])ip(‘. 
During the action of the vacuum the fluid 
passes in the direction of the aiTows, but the 
eoneentric ring of liquid between the dotted 
lines and the periphery (d the trap is not drawn 
off, and hence remains to fall back 
after tlie pneumatic action is over, 
and to form a new' seal 
Adams Sewage Lift. By 
this system, sewage in a sewer at a 
high level is utilised to lift sewage 
from a low' level automatically, and 
thus save pumping. Figs. 34 and 
35 show the working ol the system. 
X VALVE sewage lift is actuated by air 

compressed by a column of sewage, 
the only moving parts required being the inlet 
flap valves. The distance betw'e(‘n the air and 
forcing cylinders is immaterial. Tn all eases the 
sewage to be raised gravitates to the “ forcing 
cylinder,” A, enUu'ing it through a non-return 
flap valve. Liquid is fed to a flush tank, B, 
in the air chambtT and discharged through its 
pressure pipe, P, to the air cylinder, ( displacing 
the air therein, which passes by an air-pipe, I), 
to the forcing cylinder. A, exerting there its 
pressure upon the sew’age to l>e raised, the latter 
being discharged through the rising main, E, into 
the intercepting s^wer The air cylinder, (\ 
when full, is emptitni into the intercepting sewer 
by means of a syphon, F. 


Continued 
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IRON is by far the most useful and the most 
* used of all metals in virtue of its special 
• properties, especially its j^reat strength, its 
abundance in the earth, and its low price. 

Varieties of Iron. It occurs commercially 
in different forms, and, with the aid of foreign 
bodies, possesses wndely different qualities. In 
one case it is easily melted and cast, very 
brittle Avlien solid, and cannot be forged. In 
another ease it is soft at a white heat, easily 
forged and w'eldcd, offers considerable resistance 
to sudden sliock, is almost infusible, and retains 
its softness after sudden quenching in water. 
In yet another case it is malleable, highly 
tenacious, and can be made intimsely hard by 
sudden quenching in w ater. The^^e widely 
divergf'iit properties enable it to be employed in 
a greater variety of circumstances than any 
other metal. Up to about 50 years ago only 
three kind-* of iron w'ore recognised — cast iron, 
st-eel, and wrought iron — but at present a 
greater number of different kinds are manu- 
factured, varying in pro})ertics with the nature 
of the foreign elements they contain, which 
really convert the pure iron mto an alloy Ot 
these foreign bodies by far the most influential 
IS carbon. 

All kinds of iron may be cla^sitied undci tw'o 
chief heads ; 

Mali eabli: : Wrought iron and ingot iron ; 
wrought steel and ingot steel 

N(>\-M VLLEAELE; Pig oi Cast iron 

The difference between ii on and steel is marked 
by the hardening or non-hardening properties. 
In -wrought metal the structure is obtained by 
mechanical treatment at a wielding temptrature. 
In ingot metal the product is cast into moulds 
from the liquid condition. Ingot iron, in conse- 
quence of its non-hardening proj>erty, is also 
termed “ mild steel.” 

Pig or Cast Iron. Pig iron is obtained 
by smelting iron ore w'ith charcoal, coke, or raw 
coal in a blast furnace. Two chief varieties are 
obtained, dependent upon the furnace conditions 
and nature of the charge, termed grey and white 
irons. 

Grey Pig Iron. Urey pig iron consists 
essentially ot iron, carbon and silicon, but other 
elements, such as phosphorus, manganese, and 
sulphur are frequently present. The carbon 
generally varies between 2 per rent, and 4 per 
cent., and the silicon from 1 per cent, to 3 per 
cent. The peculiar character of grey iron is due 
to the mode of occurrence of the carbon, -which 
is influenced by the amount of silicon present 
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and the rate of cooling. Silicon tends to cause 
the carbon to crystallise out in the form of 
graphite. By very slow^ cooling these crystals 
become very large, and by quicker cooling, very 
small. Grey iron is, therefore, not one uniform 
mass like -white iron, but it contains different 
bodies mixed together, the size of the grain 
largely determining the strength. With large 
flakes of graphite the iron approximates nearer 
in strength and malleability to wrought iron. 
Grey iron requires a higher temperature to melt 
it than white iron, becomes thinly liquid wffien 
melted, and expands when solidifying, wffiich 
admirably adapts it to castings. It is also 
produced at a higher temperature in the blast 
furnace than w'hite iron, which tends to make it 
more impure. 

White Pig Iron. White pig iron contains 
its carbon chiefly in the combined foi*m, is freer 
from silicon, and often contains more manganese 
than grey iron. It is a true alloy of iron with 
carbon, pliosphorus, manganese, etc. It is 
intensely hard and very brittle. With much 
manganese, from 5 per cent.* to 20 per cent., it 
is composed ot large crystalline plates and 
termed ,'^j)iegel-eif>en. When the manganese 
content considerably exceeds 20 per cent., the 
crystals are much smaller, and the alloy is termed 
ferro-manganesf. White iron is produced w^lien 
the furnace is charged with a heavy burden ol 
slags mixed w'ith ore, and is then termed 
Hnder jdg, as distinguished from iron pro- 
duced entirely from ore. Wliite iron is also 
produced from easily reducible ores, which 
require less fuel than ones reducible -with greatei’ 
difficulty. 

Mottled Iron. Mottled iron is intermediate 
betw'cen grey and wffiiie iron, and partakes of the 
properties of both. Wlien broken, it shows a 
veined or mottled appearance. Pig iron i« 
arranged into a variety of classes according to 
the colour, toxturc*, size of the crystalline plates, 
and general character of the fractured surface 
It is graded in numbers from 1 to 8, or more 
commonly from 1 to 4, for foundry purposes, and 
number 4 forge, mottled and w^hite. No. 1 is the 
greyest and the richest in silicon. Passing from 
No. 1 to whitf‘ iron the combined carbon 
gradually increases and the silicon diminishes. 

The term cast iron is used to express the 
metal obtained by remelting pig iron and casting 
it into moulds of various kinds in the foundry. 
Tlv' greyer varieties ot pig iron are termed 
foundry pigs and the others forge pigsy the 
latter being used chiefly for the production of 
wTought ii-on. 





METALS 


German Cast Iron. In Germany the 
following kinds are produced : 


1 WHITE PIG IRON | 

rerro-manganeHe. 

White Iron Pi oper. j 

Spiegel. White, 

Ordinary. 

Less than 

1 percent, 
mangan- 
ese 

30 to 80 per cent, 
manganese 

5 to 20 1 to 5 

per cent, p *1 cent, 
mangan- mangan- 
ese ese 

GREY PIG IRON 

Half pig. 

Deep gte> . 

S Ik on iron 

0 to 3 per cent, 
manganese 
()‘5to 1 -5 per cent, 
silicon 

0 to 5 per cent. 

manganese 

2 to 4 per cent, 
si’icon 

5 to 17 per (ent. 
si'icon 


Malleable Cast Iron. When cast iron 
articles, produced from high class white iron, 
are embedded in powdered hflpmatite, packed 
in iron cases, and heated to a cherry red heat 
for a few days, they become malleable, and are 
said to be annealed. By this action the combined 
carbon is set free, and some of the carbon is 
burnt off from the surface, which renders the 
cast wares malleable. 

Wrought Iron. Wrought or malleable 
iron is a mixture of iron and slag, drawn out 
into fibres by mechanical treatment at welding 
temperatures. There is, however, this difference, 
til at the iron is crystalline and the slag amor- 
phous. Wrought iron i^ not pure, but contains, 
in addition to the slag, those elements in a smaller 
degree which are present in the pig iron. It 
possesses the welding property in a high degree. 
Its specific gravity is 7 8, and its molting point 
about 1,000° C. 

Steel. This is a malleable and tough alloy 
of iron and carbon, the latter not exceeding 
2 per cent., and generally less than I’G per cent. 
In special steels, elements such as manganese, 
nickel, tungsten, chromium, etc., are added in 
various amounts. When the carbon i' less than 
0 8 per cent, it is termed mild steeL and cannot 
be materially hardened by sudden quenching. 
StcH^l is finely crystalline in structure, and the 
higher the percentage of carbon the smaller 
the grain. The carbon exists chiefly in com- 
bination, forming the compound FcjC. Steel 
has a bluish-white colour, is generally destitute 
of fibre, except in wrought steel, and possesses 
great strength and tenacity. It can be made 
intensely hard by sudden quenching and again 
softened by slow cooling from a red heat. By 
cautiously re-heating hardened steel to 200° 
or 300° C. the tension is released, the metal loses 
its brittleness, and its intense hardness is modified. 
This is termed tempering. Hardened steel is 
capable of retaining its magnetism after being 
once magnetised, especially the variety known as 
tungsten steel. 

The Early Hiatory of Iron. We can 

only conjecture when iron was first extracted 
TOm its ores and applied to the use of man. 
The most ancient samples have been obtained 


from Egypt and Assyria, some ot them assumed 
to be 4,000 years old. When the Roman 
Empire was extended, the use of iron Ix^eame 
\ifidely known. Pliny mentions the hardening 
of steel by quenching in water and in oil. For 
centuries before the Christian era, iron was 
produced, and what is now known as Slgrian 
and Noric iron was famed for its high quality. 
The ancient Britons were acquainted with the 
use and probably the extraction of iron, and 
during the Roman occupation the manufacture 
was enormously increased in the country. 

In all ancient processes the iron w’as obtained 
from the ore in one operation. This is known 
as the direct met}u)d, and is the one still employed 
in some parts of India, China, Africa, South 
America, and, to a limited extent, in Europe 
The furnace is a simple open hearth or small 
blast furnace. The fuel used is charcoal, and 
the blast is obtained by rude blowers or bellows 
In the fourteenth century cast iron' began to 
be obtained in small blast furnaces. All ancient 
iron furnaces were heated with charcoal. The 
increase of iron smelting in this country produced 
a scarcity of charcoal, which directed attention 
towards the use of coal and coke. Dudley, 
in 1619, produced pig iron from ore smelted 
with coke. This led to a practically new 
industry, that of coke making, which has been 
associated with that of iron smelting ever since. 
The invention of the steam engine led to the 
use of blowing cylinders for the production of 
the blast, which was obtained at high pressure 
and greatly increased the yield of iron. 

Improved Processes of Refining Iron. 
In 1784 a great improvement in the method ot 
refining pig iron was made by Henry Cort. 
Before that time iron was purified in small 
hearths with a great expenditure of fuel, but 
Cort’s introduction of the reveiberatory puddling 
furnace lessened the fuel consumption and 
enabled coal to be used instead of charcoal. 

Another marked advance was made b\ 
Neilson, in JS28, by the substitution of hot for 
cold blast. This was soon followed by closing 
the top of the blast furnace, so as to collect the 
waste gases and utilise them for heating the 
blast. 

In 1840, Huntsman greatly improved the 
manufacture of crucible steel. In 1800, the 
great inventions of Bessemer were given to the 
world, and in 1861, Siemens invented his re- 
generative furnace. In 1878, the introduction 
of the basic process of steel-making was made 
by Thomas and Gilchrist, and is now' employed 
in the Be^'fsemer and Open Hearth methods. 

In recent years the development of the 
blast furnaces has resulted in increased height 
and capacity, greater facilities for charging, 
discharging, casting, and dealing with the pig 
iron obtained. In steel -making the ^eat 
feature has been the invention of new tyfPs of 
open hearth furnaces, and in methods of treat- 
ing, working, and using them. 

Great improvements have been made in 
machinery, chiefly electrical, rather than in 
processes. The tilting furnaces of Campbell 
and Wellman for continuous practice, and tlv' 
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Bertrand-Theil duplex method of working are 
the most prominent. Many kinds of special 
steels have been recently introduced, which 
require special treatment, and these have 
revolutionised machine shop practice. 

Ores off Iron. Iron occurs in Nature in 
small quantities in the metallic state as meteor- 
ites, but the oxides and carbonates form the 
chief source of the metal. ^ 

MttgnetUe is a black oxide of iron, Fe^04, 
and possesses magnetic inroperties. It contains, 
when pure, 72*4 per cent, of iron. Althou^ 
boourring in various parte of the world the 
*'chief supply is obtained from Sweden and 
North America. From this ore the celebrated 
Swe^h'iron is obtained. 

HcRmaHtt is the red oxide, Fe^Oj, and contains, 
when pure, 70 per cent, of iron. It occurs in 
a variety of forms as specular, micaceous, 
kidney, ochre and massive h®matite. The 
most important deposits in this country are in 
. Cumberland. 

Brown h(ematite, or limonite, is of a brown 
or yellow colour, and consists of Fe«03 with 
combined water. It may be typically repre- 
sented by the formula 2Fe2033H20. It is 
abundant in the English Midlands and various 
parts of the world. 

Spathic ore, chalyhite, or siderUe is a carbonate 
of iron, FeCOg, containing, when pure, 48 per 
cent, of iron. It is abundant in the Midlands, 
South-West and Northern counties. It occurs 
in enormous masses in Scandinavia, Central 
Europe, and North America. Clay ironstone 
and Blackband are varieties of this ore. 

Iron pyrites, FeS.j, although it is very 
abundant, is not suitable for smelting on 
account of the sulphur which it contains. 


Chemistry of Iron. Pure iron may be 
produced in two ways : 

1. By reducing pure ferric oxide by hydrogen 
in a porcelain tube at 700° C., \^hcn it is 
obtained as a dark powder. If the reduction 
is effected at a much higher temperature a 
silver-grey, spongy mass is obtained. 

2. By the electrolysis of a solution of pure 
ferrous chloride or sulphate. 

iron is unaltered in ary air, but in the presence 
of moisture it rusts, forming a hydrated oxide. 
The oxidation i.s probably accelerated by the 
presence of carbonic acid. When it is strongly 
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heated in air or oxygon the surface becomes coal ed 
with the black oxide, Fe304. Iron is readily 
attacked by hydrochloric or dilute sulphuric 
acid, hydrogen being given off and chloride or 
sulphate of iron formed. If concentrated 
sulphuric acid be employed the metal is oxidised 
at the expense of the acid and sulphur-diomde 
is evolv€)d. Ordinary nitnc acid attacks iron 
vigorously ; but if the acid be concentrated 
the iron becomes passive. 

There ore three oxides of iron of metallur- 
gical importance — ^ferrous oxide (FeO), ferric 
oxic^ and magnetic oxide (Fe.04). Fer- 

rous oxi^ is V€^ unstable and rapidly oxidisee 
in air ; it unites with acids to form mm salts 
And is the principal base in all slags formed 
in the refining of crude iron. In combination 
with carbon-dioxide it forms spathic ores. 
Ferric oxide occurs native. It is a staple 
compound, but at a white heat it ^ves up 
oxygen, forming Fe804. The magnetic oxide 
is the richest ore of iron ; it is produced when 
iron is strongly heated in air, oxygen, or super- 
heated steam, and is used as a protective goating 
from further oxidation of iron goods. The 
influciice of silicon, phosphorus, sulphur, carbon, 
etc., is dealt with elsewhere. 

Production of Pig or Caat Iron. Most 
iron ores are first calcined in heaps, stalls, or kilns, 
with the addition of a little fuel. The object of 
this is to remove water, sulphur, carbon, dioxide, 
and other volatile matter, to convert ferrous into 
ferric oxide, and to render the ore more porous 
and more readily susceptible to the action of the 
reducing agents in the blast furnace. 

The calcined ore is put into the blast furnace 
with coal, coke, or charcoal, and a flux, which is 
generally limestone. About four tons of material 


will produce one ton of iron. Air is forced in at 
the bottom and rises towards the top ; it thus 
encounters the solid materials which are descend- 
ing, and by acting upon them, liberates the iron. 
The oxygen of the air combines with the carbon, 
and produces the necessary heat. The carbon 
and the carbon compounds formed reduce the 
iron oxide. The flux unites with the gangue 
of the ore, and forms slag. Thus we have the 
heat-producing action, the reducing action, and 
the slag-forming action. 

Necessary Conditions in Iron Re« 
duction. In order completely to reduce oxide 
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of iron, we must have a high temperature and 
contact with a deoxidising substance, such as 
carbon, carbonic oxide, etc. The reduction of 
oxide iron by carbon yields carbonic oxide, in 
which form it escapes, but the reduction by 
carbonic oxide yields carbon dioxide. These 
reductions may be expressed by the following 
equations : 

PeoOa + 3C = 2Fo + 3CO ; 

FeaOa -b 3CO = 2Fe + 3CO« 

Under the strongly reducing conditions re- 
quired for the reduction of oxide of iron, elements 
other than iron are also reduced, such as phos- 
p^rus, sulphur, silicon, mangwese, etc., and 
these combine with the iron, ^e fuel also con- 
tains sulphur, and sometimes i^osphorus, and 
these contribute impurities to the iron. By con- 
tact with incandescent carbon also iron absorbs 
some carbon. 

** Direct ** Methods. Similar reactions 
take place when primitive or direct methods are 
used, but these are now employed only to a 
limited extent. In these furnaces a relatively 
low temperature and a short contact of the iron 
with the carbon prevents a little of the latter 
from uniting with the iron, and by the oxidising 
action of the blast the combined carbon is 
largely removed, and a pasty mass of metal, 
termed the bloom, is ootained and hammered 
into a malleable mass of wrought iron. By 
keeping the bloom longer in contact with incan- 
descent carbon, a steel or steely iron is obtained. 
Such a method is termed direct, because iron is 
produced in one operation instead of in two, as 
in the blast furnace method, where pig iron is 
first produced, and then jefined in the puddling 
furnace. 

Direct methods can be applied only to very 
rich ores with little gangucj, and charcoal is 
necessary as fuel. In addition to this, the labour 
is very great, and the loss of iron in the slag 
considerable. These conditions have led almost 
to the abandonment of the process. In order 
to prevent waste of iron, limestone is necessary as 
a flux, which forms a slag with silica ; but this 
requires for its formation a high temperature, 
such as that of the blast furnace. 

Molten Iron. It has been mentioned that 
the conditions in the blast furnace are favour- 
able to the absorption of carbon by the iron, 
and the pig iron obtained contains 3 to 4 per 
('ont. This, having a lower melting point than 
malleable iron, becomes perfectly liquid at the 
temperature of the furnace, and on account of its 
specific gravity falls to the bottom. The slag 
also is melted, and floats on the top of the iron, 
the gaseous products escaping at the top. In a 
general way the reactions may be expressed 
thus : 

2Fe,,0, + SiO., + CaO + 3C = 4Fe + CaOSiO., 
+ 3CO., 

But the reactions are not nearly so simple as 
this. Carbonic oxide plays an important role ; 
the gangue of the ore contains alumina, magnesia, 
oxide of manganese, phosphoric acid, etc., so 
that the slag is a complex silicate. The escaping 
gases contain also nitrogen, carbonic oxide, 
hydrogen, and other volatile matters. It will.be 
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understood, then, that temperature is an im- 
portant factor in determining the character of 
the reduced iron. 

It is possible in the blast furnace to treat 
much poorer ores than in the forge furnace ; the 
slag is almost free from iron, and the manual 
labour much less. Since pig iron is aimed at, 
coal and coke can be used mstead of charcoal as 
fuel. In the forge furnace, abo, 3 or 4 tons of 
charcoal are required for the production of 1 ton 
of malleable iron, while in the blast furnace 1 ton 
of pig iron can be produced with 1 ton of coke. 
It 18 ^e that pig iron has to be refined, but the 
combined cost of reduction and refining is much'~ 
less than a single operation in the forge furnace. 

PrinoipleE of Blast Furnace Practice. 
The aim is to secure regularity of working and 
fuel economy with maximum output. The ore 
should be of uniform qualitv, or a uniform 
mixture of different ores should be used, with 
a suitable flux to produce the quality and 
composition of slag best suited to the process 
of smelting. Neither a very lean ore nor a very 
rich mixture of ores Welds the best results. 
The more refractory the ore, the more finely 
should it be crushed, so as to be readily reducible. 
Two dangers present themselves here. A very 
fine ore offers great resistance to the ascending 
gases, and a greater quantity is carried into the 
flue as dust ; therefore increased blast furnace 
pressure is necessary. It is important that the 
sizing, or separating of the ore, according to 
relative coarseness, should be carefully con- 
sidered. and the charging of very fine and coarse 
ores together should be avoided if possible. The 
best plan is to separate it into two or three 
different sizes, and either smelt separately or 
smelt the coarser ones together. The fine ones 
can be best used after making into briquettes 
or agglutinating in some convenient way. If 
coarse and fine ores are smelted together they 
should be charged in in separate strata, and a 
strong blast used. 

The Flux. What has been said of the 
ores applies in a great measure to the flux. It 
should be broken into pieces of uniform size 
and all dust avoided. The slag performs a 
twofold function — physical and chemical. 
Physically, it acts as a filter, purifying the 
globules of reduced iron as they pass through ; 
and as a shield, protecting the metal from 
oxidation by the blast. Chemically, it absorbs 
sulphur, and assists in regulating the silicon 
content in the iron. The proper composition of 
the slag is very important. Alumina should be 
as low as possible, as, although it does not reduce 
the fusibility, it reduces the fluidity, which 
is a vital point in the blast furnace. A good 
slag should retain the solid form up to the 
melting point, and then become quite liquid, 
and not pass through a stage which causes 
sticking and hanging, and has a tendency to 
retain globules of iron. 

Fuel. The fuel for the blast furnace may bo 
raw coal, coke, anthracite, or charcoal. Of these 
the raw coal is seldom used alone — anthracite is 
generally too dear, and charcoal too expensive 
and too scarce. Coke is the best possible fuel for 
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modem blast furnaces. The fuel, it should be 
remembered, performs a physical and a chemical 
part. Physically, it preserves an open passage for 
the ascending gases, and for this reason should be 
hard, coarse, and uniform in sizrc. Fme dust or 
breeze is very objectionable, as it blows over with 
the gas. Chemically, the fuel generates the 
requisite heat by semi-combustion with oxygen, 
and the carbonic oxide formed is a necessary 
reducing agent for the reduction of the oxide of 
iron. C/oke should be highly porous, so as to 
offer the maximum surfa^'e to the oxygen of 
the blast. The most objectionable impurity in 
coke is sulphur, and phosphorus for special irons. 
The composition of the ash is almost as important 
as its quantity. The alumina should be low 
and the silica high. 

Blast. Tli« blast should be regular in 
quantity, and, as far as possible, constant in 
volume. A regular temperature is very 
important, since every 100 degrees -of heat 
added is equal to 3 per cent, of the carbon 
burned at the twyers. Temperatures corre- 
sponding to a red heat are constantly used for 
heating the blast, but beyond this limit it is 
not advisable to go, although theoretically the 
limit is not reached until the fuel reduces 
the quantity of carbonic oxide to just that 
quantity required to reduce the ore. The 
introduction the hot blast regenerative stove 
has enabled higher temperatures to be obtained, 
but it is subject to greater variability of 
temperature than the old pipe stove. The loss 
of temperature in an hour’s blowing is from 
200° C to 300° C., and this is equivalent to an 
increase of per cent, of fuel burned in the 
hearth. This may be largely avoided by washing 
the gases and using larger or more numerous 
stoves. For noting uniformity of temperature 
a pyrometer is necessary, and an autographic 
record will show the temperature each minute if 
necessary. 

The composition of the blast varies with the 
humidity of the atmosphere, and, as one pound 
of moisture reijuires 1 *3 lb. of carbon to be burned 
at the twyers to replace the heat absorbed by the 
decomposition of this water, an enormous amount 
of heat is thus lost. This consideration has 
induced ironmasters to use desiccating plants 
for removing the moisture from the blast. 

The Charge. The temperature and con- 
dition of the chargo varies in different parts 
of the blast furnace. In the top portion 
the matcnals are warmed, and the oxide 
of iron is partially reduced. Lower down, 
the limestone flux is calcined, forming lime 
and carbon dioxide at a red heat. A little 
lower down still the carbon dioxide oxidises, 
the carbon of the fuel forming carbonic oxide 
at a bright red heat, and the reduced iron 
takes up carbon. This action is continued in 
the lower zones, in which also the oxides of silicon, 
phosphorus, etc., are reduced, and the silicon 
and phosphorus unite with the iron. In (he 
bottom portion the furnace is at an intense 
white heat, the carburised impure iron is melted, 
as well as the slag, and both fall into the hearth. 
Carbonic oxide cannot completely reduce oxide 
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of iron, so that other reducing agents are necessary, 
chiefly carbon. The reduction of oxide of iron 
takes place at comparatively low temperatures 
in the upper part of the furnace. In the middle 
portion the iron-reducing tendency is about 
balanced by the iron-oxidising tendency, while 
Ihe carbon-depositing tendency is equalled by 
the carbon-oxidising tendency. In the lower 
portion the iron is reduced by carbon and car- 
bonaceous bodies, such as potassium cyanide. 

Changes. The changes occurring in cold- 
blast charcoal furnaces are somewhat different 
from those for hot- blast coke furnaces, for the 
charge will pass a considerable distance down the 
furnace before reduction begins. The ore appears 
to pass from ferric to magnetic oxide, then to 
ferrous oxide, before being reduced to the metallic 
state, BO that, while in the coke furnace reduction 
t/ikos place in the upper part by the action of 
carbonic oxide, the reduction in a charcoal 
furnace takes place in the middle of the furnace 
at a comparatively high temperature. 

One of the most important factors in the 
proper working of a blast furnace is tha suit- 
able distribution of the charge, and this has 
been emphasised since the introduction of 
automatic charging apparatus. The tendency 
of the skip hoist to distribute coarse or fine 
ore unequally is a defect not yet overcome. The 
ideal charging apparatus should be under con- 
trol so that the material may be distributed 
evenly over the entire area of the blast furnace. 
The cup and cone system falls far short as a 
distributor because of its narrow limitations 
and its inflexibility. 

Waste Gases. Tlie blast furnace gases are 
important factors in smelting, both inside and 
outside the furnace. Inside, they distribute the 
heat and reduce the ores to the metallic form, 
and the proper performance of their functions is 
determined by analysis. Tlie gas temperature 
is also a valuable guide. A hot top indicates 
insufficient hea-t at the bottom, with the con- 
sequent production of inferior iron and bad 
slag. The waste gases from a blast furnace 
consist of carbonic oxide, carbon dioxide, and 
nitrogen, with small quantities of hydrogen and 
hydrocarbons. With furnaces using raw coal 
the gas is richest in hydrogen and hydrocarbons. 
In coke furnaces the volume of carbonic oxide 
is double that of carbon dioxide, and in char- 
coal furnaces the greater volume of carbon 
dioxide is found. 

Waste gases have been chiefly used for heating 
boilers and hot-blast stoves. In some cases 
they are used for heating kilns, ovens, and general 
heating appliances. Blast furnace gases, after 
purifying, are now used for driving gas engines, 
and in this direction great economy may be 
effected in the production of cheap electricity 
for furnaces. The cleaning of the gases for engine 
work is indispensable. Cleaning should take 
place in three stages — a preliminaiy dry cleaning ; 
a wet cleaning for use in stoves, boilers, kilns, 
and furnaces ; and a special cleaning for power 
purposes by means of fans. Fewer and smallci 
stoves, less heating surface for boiler plant, 
diminished consumption of gas, less cleaning and 
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repairing wiU result from proper cleaning of the 
gases. 

Slags. Blast furnace slags differ in colour 
and appearance according to the charge and the 
working conditions of the furnace. With excess 
of lime, the slag is white and fusible with diffi- 
culty. With a moderate amount of lime, the slag 
is grey, hard, and compact. When the furnace 
is making white iron the slag is dark in colour 
and very fluid, which makes it very corrosive on 
the furnace lining. It often contains much 
oxide of iron, and is termed a scouring slag. The 
slag is tapped from the furnace into bogies 
running on rails, and forms a mould of a 
truncated conical shape. In some works it is 
run through a bronze twyer on to a trough, and 
thence to small pans fixed on an endless chain 
which, by its revolution, delivers the slog into 
trucks. In some cases the slag is removed at 
intervals in side-tipping ladles. 

The harder kinds of blast furnace slag, it not 
too glassy, are used for mending roads, for levelling 
waste lands, for building breakwaters, and for 
ballast. In the form of large blocks slag is 
used for road-making. It is used also for 
building purposes when suitable. For this 
intention it is moulded into bricks, which are 
kept at a strong heat for several hours in a closed 
space, in order to dcvitrify them and make them 
harder. Good bricks are made of granulated 
slag and lime. If not too acid, slag may be 
burnt in a state of powder with lime and 3 rields 
a good hydraulic cement. The following are 
analyses of slags used for this purpose : 


Slag wool is mad<iJrom blast furnace slag by 
blowing steam on to a thin stream of the slag 
in such a way that the steam encounters only 
half the stream. It is light and fireproof, and 
used for covering stekm-pipes, etc. 

The Blast Furnace. An English blast 
furnace of the old type was a massive stonework 
structure, circular in cross section, and the shaft 
approached in sectional elevation to that of 
t\No truncated cones joined at their bases. The 
lo^^er cone was continued to the ground level 
or enlarged, forming the hearth, three sides being 
continued to the bottom, and the other left 
open for access. The interior was lined with 
firebricks. The dimensions varied from 9 to 10 ft. 
in diameter, and from 30 to 45 ft. high. 

The blast furnace of to-day, compared with 
that of a century ago, is an efficient machine. 
Then, the consumption of fuel per ton of iron 
wa«» often 10 tons ; now, it is often less than 
19 cwt. of coke. This has been mainly effected 
by the introduction of the hot blast and the 
utilisation of the waste gases for heating the 


blast. With some ores, cindeis, etc., the con- 
sumption of coke reaches 30 cwt. per ton of 
iron. Approximately, 54 per cent, of the total 
heat is carried away in the waste gases, 6 per 
cent, in the slag, 3 per cent, in the iron, 6 per 
cent, in the water used, and 7 per cent, by 
radiation and conduction. 

The modern blast furnace is an elongated 
barrel -shaped structure in interior vertical 
section, and generally circular in cross section. 
The height varies from 75 to 95 ft., the greatest 
width from 25 to 30 ft., and the maximum 
capacity of 50,000 cubic ft. 

The body is formed of wrought -iron plates, 
half an inch thick, and riveted together. Within 
this is built the outer casing of ordinary masonry, 
the inside being lined with firebrick, about 18 in. 
thick, while in some cases between the two 
layers of brickwork is a small space filled with 
sand to allow for expansion and contraction. 
The body, or stack, is supported on a cast-iron 
ring, resting on pillars of the same material, and 
the lower part, from the top of thf‘ columns 
to the hearth, is also cased with iron and in some 
eases with water blocks. The hearth is indepen- 
dent of the masonry of the stack, and is built 
in after the stack is completed. It requires to 
be made of ver^ refractory material of consider- 
able thickness, having to withstand a very great 
heat in addition to the corrosive action of the 
molten slags. 

The hearth is perforated with six to eight 
holes for the introduction of the twj^ers, which 
convey the blast of air into the furnace. On the 

front or the w'ork- 
ing side the hearth 
was formerly ex- 
tended, forming a 
rectangular cavity 
known as the fore- 
hearth, which was 
bounded in front 
by a very refractory 
stone, termed the 
damstonc. The arch 
covering this was called the tymp-arch. The 
tymp was made cither of a very refractory stone 
or of a hollow cast-iron box built in the masonry, 
and through this box a current of v ater con- 
stantly circulated to keep it cool. 

Fig. 32 represents a modem American blast 
furnace. It is about 85 ft. high, 23 ft. wide at 
its greatest diameter, and of 11 ft. diameter in 
the hearth. The hearth is protected by water- 
cooled plates, and in the boshes are eight rows of 
bronze cooling plates, eight plates forming the 
circle, each plate having two watercourses. 
Cast-iron cooling plates are also placed between 
the twyers, the number of the latter being seven, 
each 6 in. in diameter. The cubical capacity 
is about 20,000 cubic ft. The charging bell 
is 12 ft. and the throat 15 J ft. in diameter. The 
volume of air blown in is 24,000 cubic ft. per 
minute. The temperature of the blast is 650° C., 
and the average pressure 8 lb. per square in. 
For flux 10 cwt. of limestone are required per 
ton of iron produced, and this amount is produced 
with 17 cwt. of coke. The output is about 2,000 

4m 


— 

Bilbao. 

Middles. 

brougli. 

SaultiH'R, 

P’ruiice 

Chiliide/, 

Swltzeilaiid 

Hart/burg 

Gcrnmny 

Belgium. 

Limp:.. .. 

47’30 

32-76 

47-20 

46-11 

48-69 

44-75 

SiLIC A 

32-00 

30-00 

31-06 

20-88 

30-72 

32-51 

Altjmiva 

13-25 

28-00 

17-00 

24-12 

16-40 

13-91 

Ferroi's oxiDi: 

00-46 

0-76 

0-66 

0-44 

0-‘^3 

0-48 

Maonesia . . 

1-37 

6-25 

1-30 

1-09 

1-28 

2-20 

Calcium si lphidp 

3-42 

1-90 

— 

1-86 

2-16 

4-90 

Manganese oxide 

1-13 

0-60 

0-86 

0-60 

— 

0-60 

Residue 

0-17 

0-76 

1-29 

— 

0-42 

0-65 




MKTALt 


tons per week. The following comparison be- 
tween a typical English and a typical American 
fwmace will show the different conditions in 
each case : 



j rifxelaiiil 


Cubical contents 

1 25,.S00 ft. 

18,200 ft. 

Temperature of the blast. . 

704' i\ 

593“ C. 

Coke per ton of ore . . 

19 99 cwt. 

1 H-80 cwt. 

Lunestone 

1 1 00 „ 

9-00 „ 

Ore 

Wei^^^ht of blast i>er ton of 

48-00 „ 

32 30 „ 

ore 

87-15 „ 

7120 „ 

Weight of gases . . . ' 

119 50 , 

100-1 

Temperature of gases 

Tons of iron for 1,000 
cubic ft space of fur- 

250 r 

171“C 

nace per week 

21 57 

128 0 

Slag per ton of iron . . 
Calories produced per ton 

28 00 cw t 

10 70 c\\t 

of iron 

5-8 577 

69-509 


It will be observed by tlic above figures that 
the English furnace lias much the greater 
capacity, the temperature of the blast is higher, 
and the calories of heat per ton of iron are more, 
therefore the fuel used per ton of ore is greater, 
the blast is hotter, the waste gases escape at 
a much higher temperature, the flux required 
and the slag produced arc greater. The great 
reducing energy of the American 
furnace, with its high grade ore and 
rapid working, yields six times as 
much iron per cubic foot of space as 
the English furnace. 

Pig Bed. This consists of a sand 
bed with a number of parallel grooves 
of a semi-cylindrical section, generally 
with their long axes towards tJie 
tapdiolc, while the top ends of these 
furrows in each row are connected 
with a common channel nmnmg at 
right angles to them, and knowm as 
the sow, or feeder. These feeders 
themselves are put in connection with 
the mam channel leading from the 
tap-hole. In some works the mould- 
ing is done by mechanical means, so 
that the pigs are of uniform size at 
equal distances apart, and are cast 
in groups of 30 or more. Wlien cold, 
an overhead crane picks up each 
group and carries it to the jiig 
breakers. Pig-iron casting machines are of 
various patterns, but have not yet come into 
general use. 

Form and Dimensions of Blast 
Furnace. The horizontal section of the hearth 
varies with the pressure of the blast and the 
porosity of the materials employed. The 
height of the furnace must be limited when the 
fuel is friable (such as anthracite) or the ore 
fine, for if loo compact the gases cannot cir- 
culate properly. Moreover, in a mass of different 
materials descending gradually, the effect of 
different densities becomes greater as the height 
of the furnace is greater. In some Cleveland 
furnaces the boshes are smaller than usual, while 
the greatest capacity is in the upper or reducing 
aone of the furnace. The inventors claim for 

4470 


this a lower fuel consumption and a greater 
regularity of working. The angle of the boshes 
as compared with the rest of the furnace varies 
in different districts ; but the modern tendency 
seems to be in the direction of boshes low down 
in the furnace and at an angle of about 75°. 
The section of most furnaces is round, which 
economises heat and causes it to be more 
uniformly distributed. The hearth is circular 
in section. The greater the diameter of the hearth 
and the greater the vertical distance between 
the slag notch and the twyers, the larger is the 
output. The tap-hole should be on a Line mid- 
way between the twyers, and the same remark 
applies to the slag notch. 

Twyers. The twyers are made with a 
double casing that water may flow between. In 
some twyers the cooling water in the form of 
spay is driven from the end of a perforated 
pipe against the port of the twyer. 

Thf' Scotch twyer consists of a spiral wrought - 
iron tube enclosed in a cast-iron casmg, and water 
circulates through the coil to keep it cool. The 
number of twyers varies according to the nature 
of the ore and fuel used. Excessive blast con- 
sumes too much fuel, cools the slag, and impedes 
the working. The cutting action of the blast 
on the lining is reduced by allowing the twyers 
to overhang, but this at the same 
time rodnees the melting action of 
the hearth. 

The blast is heated by causing it to 
pass through hot stoves, of which 
there are two chief kinds— cast-iron 
stoves, containing pipes heated by 
solid fuel, and stoves of refractory 
brickwork, constructed on the re- 
generative principle. Two principal 
forms of the latter are employed, in- 
venU'd by Cowper and Whitwell re- 
spectively. 

Stoves. The Cowper stove f33] 
is a circular, wrought-iron tower, 60 ft. 
high and 28 ft. in diameter, closed with 
a high dome-shaped roof and lined 
internally with firebrick constructed 
on the regenerative principle. About 
two-third-^ of the interior is lined 
with a checker work of brick for 
absorbing the heat obtained from 
the combustion of the waste gases 
from the blast furnace. A large vertical flame 
flue receives the gases, in which they are 
iraiiod. The flame passes downwards through 
the checker brickwork and makes it red hot. 
When this has continued a sufficiently long 
time the air, gas, and chimney valves are 
closed and the cold blest admitted in the 
opposite direction, when it takes up the heat 
from the brickwork and passes on to the 
blast furnace through the hot-blast valve 
as shown in 33. It is necessary to have 
two stoves for each furnace, so that one may 
absorb the heat from the burning gases, while 
the other is heating the blast. The bricks 
are of spical shape, and when they are placed 
together form hexagonal passages vnth walls 
2 in. thick. As compared with the pipe stoves 
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the Cowper stove gives a mucii higher tempera- 
ture, and has led to an increas^ yield from 
similar furnaces of 20 per cent. ; the fuel con- 
sumption is at the same time lessened. One 
disadvantage of regenerative brickwork stoves 
is the liability to become choked with dust, 
especially when finely-divided ores are being 
smelted ; this necessitates occasional cleaning, and 
for this purpose Mr. C. Wood, of Middlesbrough, 
employs a brass cannon, which is charged with 
powder, run into the stove, and fired. The 
explosion displaces the dust, which is allowed to 
settle and then removed. Another method 
depends on the use of release valves which 


th3 brickwork. The reversals are much the same 
as in the Cowper stove, and two stoves are re- 
quired to one blast furnace. Many modifications 
of the above are in use in different districts, some 
of which combine the advantages of both systems. 

The Ford - Moncur Stove. The 
Ford-Moncur stove is one that has met with 
considerable favour of late years The bricks 
are dome-shaped so as to prevent dust lodging 
on them. The stove is also divided into four 
different parts by vertical partitions, so that 
when it is desired to clean out the dust the blast 
may be turned on to each partition se])arately. 

Lifts. The materials are brought to the top of 
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allow of the instantaneous discharge of the 
imprisoned air. A cloud of dust is immediately 
discharged and shot up into the air. 

The Whitwell Stove. The Whitwell 
stove is cylindrical, with a domed top and 
lined with firebrick, but the internal arrange- 
ment is different from that of the Cowper 
stove. The regenerators consist of a number 
of firebrick passages made of 5-in. brickwork. 
This brickwork contains a main combustion 
flue for the burning of the waste gases, and air 
is admitted by special feed passages. The hot 
and partially-burned gases pass repeatedly up and 
down through the passages, giving up their heat to 


the blast furnace by lifts of various kinds. The 
inclined plane consists of a railway on which 
runs a triangular platform with two unequal 
pairs of wheels. The power is supplied by a 
steam engine, working a winding drum, around 
which passes a ■v\ire rope or a flat-link^‘d 
chain. Another form is the colliery lift similar 
to that used in a coal-mine. A pneumatic 
lift is often used, and consists of a cast- 
iron ram, working in a long cylinder rising 
the whole height of the furnace. From this 
pass wire ropes over large pulleys to a lift- 
ing table, which contains the loaded trucks or 
barrows. 


Continued 
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DRESS FOR GIRLS 

Frocks: Drafting, Cutting, and Making. A Princess Petticoat 
and a Circular Skirt. Overalls. Hints on Lengthening 


By AZELINE LEWIS 


rROM four to six years old and onwards, girls’ 

* clothing assumes a definite character, thougli 
simplicity should always be the keynote of 
c! il Iren's fashions. 

With respect to underwear, the patterns of 
combinations already given will be a suitable 
shape up to the age mentioned, unless chemise 
and drawers be preferred, for which draftings 
are given. The nightdress pattern also will be 
quite right if cut somewhat larger and longer. 
It can be made to fasten at the side if preferred. 
[For larger sizes, see Undercix)Thing.] 

The princess form of j>etticoat is preferable 
to the banded affair, unless this be buttoned on 
to a plain under-bodice, so that the weight rests 
on the shoulders. If the latter be preferred, 
the skirt portion should be gored somewhat, so 
as not to add to the bulk at the waist. For 
girls in the early ’teens, inclined to be stout, the 
princess form '>f petticoat is best. In this case 
it is better mad#» with a deep frill, cut either 
sh^ed or straight. 

Frocks. The plain shoulder yoke and 
smocked style should not ^ l 6 J 
be worn after eight years 
of age— and not then if ; 

the child is inclined to be ^ ^7 

tall and thin — certainly 
not by girls of 10 and 12 / / 

years of age, as we have / 

scon, unless secured to / 

the waist by a sash or rRom 1 

loose belt. The Empire ^ i 

yoke, of course, can be 

n orn by girls of any age, — 

but it is not particularly ^ 

becoming to a stout 
child. 

Foundation c — 

Bodice. As was shown 
in our Dressmaking 
course, all garments arc 
modelled or built upon a 

skirt and bodice pat tem, ^ 

so 46 gives a drafting 4 ^ bodk^e 

suitable for a child of 

six to eight years of age. This follows on the 
lines of that in Dressmaking, with the 
necessary exceptions, and can be adapted to any 
size. Chest measurement, 25 in. ; back length, 

8 in. This last measure, however, is a veiy 
elastic one, as the waist is not clearly defined 
in so young a child, and the drafting shows a 
short- waisted affair, which will do for the 
Victorian coat. 

A to D, chest measurement ; B to A and 
C to D, length of back plus J in. for neck curve ; 

D to E and A to F, entire length. The waist- 
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line can be altered to any depth without affect- 
ing or interfering with the drafting in any way, 
the only alteration needed being that darts or 
side- pieces — if made — must be carried down 
to the waist-line. A to H and H to I, one-third 
of chest measure ; A to G, one-sixth of neck 
measure less J in. for curve. A to I, J in. 
Curve from G to I for back neck. A to J, 
tw’o-thirds of chest measure ; J to K, one-half 
of the same less ^ in. 

Draw line from K at right angles towards back 
(this is merely as a guide for armhole) ; mark Ka. 

I to 2, one-sixth of half chest measure (this, 
however, varies with fashion, and may be less 
or more according to taste) ; 2 to 3, J in. Draw 
a line from 3 to G for back shoulder and curve 
from 3 to I for back armhole. 

J to 4 is same length as from 1 to 2. Draw 
a line at right angles to the right. Mark centre 
of J-4 ; then measure back shoulder, and 
draw' same length for front from line 4 to line 
D-A, with centre on the cross marking centre, 
as shown by broken line. Make dots one twelfth 
^ ^ of chest measure on each 

— V side of angle K ; curve 
from 6 to I, passing 
through dots on each 
-4'* angle K. 

' B to 8, 3 in. Draw 

a line from I to 8 and 

/I ^ curve J in. to right of 

A this line for back. 

/ u Advance 7 one-twelfth 

of an inch towards D, 
make L, and draw 
ly, shoulder as shown by 

; y firm line. 

1 ; V 8 to 9 is I in. ; curve 

i - P s fi om I to these points ; 

' \ ! 8 to 10 is 3 in, ; draw 

' \ ! line to armhole and make 

'/ 10a, then curve J in. 

l\ either side of this at 

if waist, for under-arm. 

DR4FTING These lines are showm 

by a broken line, as 

they are quite optional, shaping at these portions 
not being always necessary. They should not 
be cut, but just marked with the tracing- wheel 
if made to the waist only. 

Now measure pattern and add on what may 
have been taken in by the side-piece to make 
the chest measure correct, and mark 11. 
Draw L to M one-sixth of chest measure, then 
from M to 11. From M to Ma is | in. ; curve 
from L to 11 for neck. 

For the lower portion, make a point midway 
between 8 and- 9, also one immediately below 




on line E to F» and draw lines 8a and 9a the 
same distance — 1 in. — to right and left. 

Extend lines on either side of 10 2J in. be’ow 
waist, and curve from waist to point of these. 
Trace round the pattern and cut out, following 
the firm line for the front shoulder and arm- 
hole. 

This method can be used for any size up to 
12 years of age. After this period one or t^o 
darts may be required, and the various draftings 
already given in Dressmaking and Tailoring 
can be followed or modified according to re- 
quirement. 

With the aid of this pattern any kind of 
bodice can be made. The method of obtaining 
a yoke of any sha; has been fully explained 
in Dressmaking [sec 89 to 48 , page 479]. If 
one of the Empire 
style be preferred, 
cut to the depth 
required below the 
armhole, whilst if 
the long • waisted 
French bodice be 
the model, simply 
extend the lower 
portion as much 
below the waist as 
may be need'^d, 
sloping it out slightly 
from armhole to 
lower edge. It should 
not, however, ex- 
tend too far, as this 
impedes the move- 
ments of the child. 

If the bodice be 
gathered, allow for 
the necessary 
amount in front or 
at the shoulders, 
according to the 
design. If pleated, 
model the pleat ings 
on the pattern 
drafted, which, as 
already remarked, 
forms the founda- 
tion for all kinds of 
styles. The neck 



portion may also be cut round, or j ointed, or 
square, or any shape preferred. 

As to the skirt, this can be obtained from the 
model shown in GiRii}’ Tailoring fp. 2409], 
where full directions are given for drafting a 
circular skirt adaptable to any size and shape. 
See also drafting for skirt of Victorian Goat 
[60], which will be equally suitable. 

The skirt portion of an Empire yoke may be 
either circular or straight, pleated or gathered, as 
preferred. The frock part of one with a shoulc^r- 
yoke, or saddle, should be sloped at the imd^T- 
arm seams, and also requires rounding slightly 
at the armhole. The lower edge should be cut 
a little — a very little — shorter at the sid^s, as it 
• always has a tendency to drop here. 

To cut an American blouse from the drafting 
just given, slope the fronts out half an inch at 


E ; cut through 10 and 10a and slope out 
the sides each 1 in., as shown by the double 
line, when, of course, no side-piece vould be 
required, and the centre-back must be placed 
to a fold. 

For the sleeve, any of the draftings already 
given can be followed according to fash on. 
The drafting of a c ollar has been shown in 
several of the previous diagrams. 

Fig. 47 gives a few examples of garments 
suited to girls of the ages mentioned, but from 
this period and onwards the various fashions 
may be consulted, so these designs are merely 
given as models which may form the foundations 
of an endless variety of other styles, with 
slight alterations and additions. These, how- 
ever, we think, will readily occur to the worker 
who has followed 
either, or all, of the 
previous courses. 

Chemise and 
draw^ers arc not 
illustratc^l, as those 
already given for 
childnm of one to 
four years of ago 
can quite easily be 
enlarged. 

Tne same remark, 
too, will apply to 
the combinations. 

We will now de- 
scribe the garments 
sketched. 

(a) A princess 
frock. 

(h) Here we have 
the divid^xl skirt 
already mentioned 
in the garments for 
the toddler. The 
method of obtaining 
this pattern is indi- 
cated in the dr.afting 
of the first knickers, 
by a broken line, so 
is not given again. 
Tile material and 
trimming are, of 
course, a matter of 
taste, but for small children this is a much 
better shape for the flannel petticoat than the 
ordinary skirt affair. In this case it would be 
better without the frill, and the edges finished 
off with a festooned hem The fastening is at 
the back, the closing biding accomplished by 
means of several buttons and buttonholes. 

(c) A Russian frock. 

{d) A plain overall or frock, cut all in one 
piece. 

(t) A German pinafore. The shape of this 
quaint little model, hailing from the Fatherland, 
is explained by the back view\ It is cut all in 
one piece, and fastens on the shoulder. 

(/) Long- waisted French petticoat, with two 
circular frills for the skirt portion. This shape 
sets out the frock very prettily at the lower edge. 
Directions for cutting circular and shaped frills 
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have already been given in Dressmaking, whilst 
those for the shaped skirt part of the Victorian 
coat can also be adapted to the size required. 
This style of petticoat is better suited to cam>)ric 
or longcloth for white summer ones. 

(9) The long-waistod style, knowm as the French 
fi*ock. 

{h) A sailor style for either 
boy or girl. This is termed a 
quartermaster frock, and is 
cut exactly the same as the 
man-o’-war style [page 4355J, 
the only difference being that 
the fronts arc left open and 
faced. 

(i) The flannel vest cfr bodice 
to be worn with this style of 
frock, which is made of fine 
white flannel or cloth. 

(/) A princess petticoat. 

(k) Reefer coat and skirt 
costume. 

(l) Red Riding Hood cloak. 

(m) A Victorian coat. 

(n) Overall frock with yoke 
and box-pleated front, model- 
led as (i). 

The making of a coat with 
step- collar .and Norfolk coat, 
also of a girr** sacquc coat, 
have all been fully explained 
in Boys’ and Girls’ Tailor- 
iiw, and these styles, with 
slight modifications of size, style and length, are 
all suited to girls’ outdoor wear, the loose Nor- 
folk coat being esp(‘cially neat and becoming 
to a young girl. 

A Princess Petti- 
coat. In Diagram 48 we 
have the drafting of the 
princess petticoat, which 
will be found a most use- 
ful one. This is 
drafted to a 
2 8 - i n chest 
measurement. 

The working of 
the upper por- 
tion is exaetly 
the same as 46, 
allowing for the 
difference of 
measures, w ith 
the exception of I to 2, which is ]| in., to allow 
for the longer shoulder. S and 8a, 9 and 9a 
are omitted. Make 8 2J in. from B, without 
sloping this in at centre-back. Make N mid- 
way between 0 and 3, and curve slightly from 
N to 8 ; make a dot J in. to right of 8, and 
curve from here to meet line N at width of 
back Ime. ]No^^ make 12, 2^ in. from C on waist 
line ; make O midway between L and 7, curve 
slightly from 0 to 12. Make a point J in, to 
right on waist line, curve up from this to meet 
line 0. 

Curve from 10 to 10a as in 46. 

Extend from 11a to length required, in this 
ease 30 in. ; malce 14, then make a point 1 in. 
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to left of this mark, 15, and slope from this 
dot to 11, to give a little extra width for centre- 
front. Make a dot in. to right of 14, then 
make another 1 in. to right and left of this, 
and draw a line from 12 and 13 to these dots, 
as shown at 12a and 13a. Make a dot level 
with 10 the same distance as 
from C to 13; make dots 
IJ in. to right and left, and 
draw a line from waist to 
meet these, as at 106 and 10c. 
Treat line N to 8 and 9 the 
same for the side of bat'k and 
centre-back. 

Two inches below B make 
a dot ; tlien add on 2 or more 
inches foi’ back fulness to the 
bottom, which make the same 
length as from 9 and 10. 
Trace the pattern round care- 
fully and cut out, placing the 
various notches as shown, as 
these are a guide for putting 
together. 

This drafting will do for the 
prmcess frock shown at A in 
47, the only alteration being 
needed at the side and back, 
which are gathered on to the 
waist in the ordinary skirt 
fashion. 

For this style the back of 
the bodice is cut shghtlj^ 
below waist at back, the skirt portion consisting 
of straight or very slightly gored widtlis, being 
made as full as taste may dictate. It is joined 
on to the side seam and the waist part of back 
of bodice, whilst the bodice trimming is carried 
over the shoulder to the skirt at back waist. 

By altering the position of the aide seam, as 
from N and 0, to nearer the shoulder, the same 
drafting will do for the Russian frock marked 
at (c) in the same diagram. In this case the front 
portion is folded over towards the sleeve to 
form a pleat, which is stitched down quite flat. 
This frock fastens at the left side under the fold, 
so a narrow left-side front will be required. 

It would also form a corselet or suspender 
frock, all that is necessary being to cut it to 

the approved 
height above 
the waist line. 
Should it be 
preferred with 
inverted pleats 
at the seams, 
the required 
amount for 
these can be 
easily added 
on at each 
seam, exactly 
as shown for 
the centre-back. Such an arrangement always 
looks better if the pleats slope upwards, in 
height, from the front, the highest being at 
the centre-back. 

This design would make a very pretty little 
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frock, whilst the pleats coaid either be inverted, 
or box-pleated outside the seams, where they 
could be mitred off at the tops or finished off 
in various ways. Care must, however, be taken 
to keep them perfectly even, and not let them 
drop at the sides. 

No. 49 illustrates the overall depicted at {d) 
in the sketch under consideration, 
which is easily obtained from the 
bodice drafting of 46, as the broken 
lines show, or the princess frock 
drafting of 48, by omitting the side 
seams. It will form the foundation 
of ( w), and many others. This can 
be cut all in one piece, or with an 
underarm seam, as preferred. The 
broken line and crosses show the 
portion not to be cut. If made 
quite plain with the V-shaped open- 
ing, cut as shown by the broken 
line. If with the pointed yoke as 
at (d)f cut this as indicated by the 
double broken line, and model the 
box pleat at the lower portion as 
already mentioned for the tunic 
suit and girl’s skirt mentioned in 
Girls’ Tailoring. If made V- 
shaped at back and front of neck, and pleated 
instead of quite plain, this makes a very pretty 
frock to be worn over lace vests. 

To make a perfectly plain overall or frock, 
as at (d)f yd. of 27-in. goods are required. 

Circular Skirt. No. 50 shows the draft- 
ing of the circular skirt for the Victorian or Em- 
pire coat, the bodice being obtained from 46. 

A to B, half of waist 
measure less 1 in ; A to D, a 
quarter of same ; D to E, 
skirt length, in this case 
24 in., but it may be made 
any length desired, B to 
C, same length as from D to 
E ; C to F, 3 in. Extend 
D to E, and draw line from 
B to F ; G, midway between 
A and B ; G to H, J of 
waist measure (6 in.). Curve 
from B through H to D , 
measure from this the length 
of skirt ; also midway be- 
tween make marks for 
outer circle and curve from 
F to E. 

If a pleated skirt be 
desired, the foundation need 
not. be quite so full, and may be decreased as 
shown by the broken line Upon this the 
pleated portion can be modelled. 'J’he sleeve 
can be obtained from the previous drafts. 

For the making of the coat, see Tailoring — 
Ladies’ Empire Coat [page 2328J— for which the 
instruction there given can be followed. If 
of fairly thick cloth, the bodice only need be 
lined, when the seams and edges should be neat- 
ened by binding. 

The required quantities for this coat with 
circular skirt would be 2^ yd. of 44- in. goods. 
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j yd. of Italian cloth for bodice lining, and a of white as in the front. 


small quantity of fine French canvas for inter- 
lining. 

For children, separate collars are the best 
kind of neck finish, as they can be removed, and 
laundered. 

Number 51 shows the method of cutting out 
the reefer coat from 48 -in. cloth, of which 14 yd. 

should be sufficient. The drafting 
and making of this jacket are 
similar to that of the sacque in 
Girls’ Tailoring, to which wc 
must refer the worker for instruc- 
tions on this point. The collar can 
be easily altered to the ordinary 
sailor style if wished by sloping it 
off to the front. The facing will 
require joining, as shown by the 
crosses, the seams of which must 
be carefully pressed. 

A cloak of the Red Riding Hood 
order forms a most welcome addi- 
tion to a small girl’s wardrobe, and, 
indeed, is useful at almost any age 
[52]. 

The cloak shown is made with 
a collar and hood, and is fitted to 
the shoulder by two darts. If made 
the latter, it wull need to be almost 
circular, and this addf- the fulness at the 
lower part, which is therefore apt to fly about 
too much for the comfort and warmth of the 
small wearer ; for this reason the shape shown 
is recommended. 

This cloak will require 2J yd. of 44-in 
material, and in the making care will have to 
be taken to keep the edges 
thin and the corner of the 
cape and collar quite sharp. 
When making the latter, 
5 be careful to ease the upper 

0 portion slightly 1 in. from 
^ each corner, as mentioned 

1 in Pocket -flaps [see Boys’ 
^ Taitx)RING, page 1291 1, when 
♦ putting on, so as to get this 
i to set over and not curl up. 
5 The upper edge should also 
S come slightly over the under 
^ one, as in making bo 3 s’ 
5 coats. 

Girl's French Frock. 

For the girl’s French frock, 
cut the bodice lining accord- 
ing to the drafting of 46 or 
48, according to the age and 
size of the child, making this tlf^ length required. 
Model one side of front as sketched, making it 
cross over a little beyond the centre. If the 
worker is not very expert, she had better do this 
in paper. Cut it out carefully, then fold the 
material and cut two piec’cs exactly alike, marking 
the pleats to keep them even, and placing the 
crossover edges to the selvedges. This is 
very important, as, if placed on the bias, the 
fronts will stretch and soon get out of jhape. 
The backs are pleated from the shoulder and 
neck, and do not cross over or requke a vest 
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* 13ie skirt is merely a straight length of material 
12 in. to 14 in. or 16 in. deep, according to the 
age and requirements, but, as already remarked, 
^ould not extend below the knees. It may, 
however, be kilted instead of gathered, which has 
an extremely good effect. The directions already 
given for making the kilt can be followed if 
this style of skirt is preferred. 

^^en making this frock, mark the turnings 
very carefully, then tuck the vest and tack in 
position. Hem the crossover edges of fronts, 
press well, and arrange these as sketched -on 
the lining foundation, right crossing over left ; 
gather lower edge and tack to foundation, allow- 
ing it to pouch somewhat. Turn in the edges 
of foundation back to the marks, machine-stitch, 
and make button-holes on the right side IJ in. 
apart, and sew buttons on left to correspond 
Turn in the edges of material back to form an 
inch -wide hem, and machine this next at the 
edge. Arrange and tack material backs on 
foundation, the edges overlapping a little; 
tack fronts and backs together at shoulder and 
underarm seams, machine-stitch, open, oversew, 
and press. Then sew six or eight small hooks 
backwards on the inside of hem at centre- back 
on the stitching, and make silk loops on the left 
side to correspond. Gather lower edges, arrange, 
and pin in position on lower edge ot foundation, 
and tack to this. Tack the collar and secure this 
to neck. Then place right hem of foundation 
over the left hem; stitch firmly together; 
arrange the right and left material backs to 
correspond, and secure together an inch or so 
above this to prevent gaping open when on. 

Join the skirt portions required, open and press 
seams, turn up lower edge and make a hem from 
1 in. to 2 in. uide. Mark centre of back and 
front, gather upper edges, using one thread for 
each division; place centres of front and back to 
those of bodice, being careful to have no seam 
in centre- front. Draw up gathers to fit bodice, 
arrange so that the fulness is graduated off to the 
back, pin and sew in place, then neaten with 
a strip of material oi binding, which should be 
hemmed to foundation and fastened off securely 
at back. 

The Sleeves. Join the slecv'os by means 
of a French seam (unless the material be too 
thick), and gather the lower edges Now join 
up the cuff portions, open and press seams, fold 
in half along the centre of cuff, then turn in 
upper edges to face Draw up cuff edges of sleeve 
to fit, insert lietween them, stitch together and 
fasten off the ends neatly. Make the other 
sleeve and cuff^to correspond, then gather 
the upper part, ascertain position of front seam, 
arrange in armhole, sew them firmly in place 
and oversew or bind neatly. Sew in the other 
sleeve to correspond. 

Finish off waist part with folded belt 

This frock will take 2J yd. of 44-in. material, 

1 J yd. of lining, and j yd. of silk for vest and 
collar. It can, of course, be varied in many ways, 
and made with a square or pointed yoke, elliow 


orpuff sleeves; ako witt opm neck, looks 
very prett^r for email children’s iummer ^wear. 

HlnU on Lengthmiking^ WiUk regard 
to lengthening, the laat-named style is one of 
great possibilities in this most important detail. 

Sleeves are generally more difficult to deal with 
in this respect. The simplest way, however, is to 
make these either of the bishop or puff order, 
a little longer than the required length, when a 
few tiny horizontal tucks at the elbow will serve 
for ornament at first and length later on. If 
on a foundation a tuck should be run in this, 
just above the elbow. 

For petticoats, the bodice part can always be 
made a little longer than is necessary and a tuck 
put in this, which is then easily let down when 
necessary. 

For frocks, the skirt part can either be secured 
an inch or more above the lower edges of bodice, 
or a tuck made in the foundation, to be let down 
as needed. In other cases wide hems or tucki> 
should be made, whilst the bodice should always 
allow for expansion and be an easy fit. 

One pokit of importance should not be 
forgotten. It is important that the skirt should 
hang perfectly evenly all round, and, if anything, 
a trifle shorter at the back than the front, 
rather than have the slightest suspicion of a 
“ dip ” there. This detail, apparently a trifling 
one, is frequently overlooked, and makes all the 
difference between a well-dressed child and a 
dowdy one. 

For a child’s bathing gown, the combination 
pattern given will be suitable, whilst for a later 
period it is also better to have a combined under- 
garment and a separate skirt portion, both for 
bathing and gymnastic purposes. [See also 
Undeeclothino.J Small girls, it may be 
mentioned, are often clad in a sailor suit for 
•gymnastic exercises. 

At about twelve years of age begins the 
awkward period of a girl’s attire, when, how- 
ever, the varying fashions may be more or less 
consulted and adapted. It would be impossible 
to deal with all these, but, as has been already 
remarked, simplicity should always be the guiding 
prim iple, with a certain regard for the type and 
characteristics of the young girl herself, who 
IS usually gauche and awkward enough at the 
“ between age ” without having these peculiarities 
accentuated by her clothing. 

A full frock with an empire yoke outlined with 
a thick-folded belt with large bow and long ends, 
and fichu -like drapery at the neck, would not 
rouse enthusiasm on a stout and short-necked 
girl, but worn by her slim sister the result would 
be charming. In the first case, lines of trimming, 
or folds, arranged to give length and decrease 
the apparent width should be selected. In- 
judicious or unbecoming attire has a very 
subtle effect on the character, particularly at 
this susceptible period, and shyness and self- 
consciousness are often increased thereby. 
Therefore, we repeat, let children’s clothing be 
well chosen, but, above all, let it be very simple. 


Ciuldren’s Clothing covebtded ; followed by 
Millinery 
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Proposition 10. Theorem 

Jf one side oj a triangle is pt'oduced, the 
exterior angle is gi'eater than either of the interior 
opposite angles, 4 

Let ABO be a A 
in which BC is pro- / X 
(luced to D. / / 

It is required / / 

to prove that the \/ 

L ACD is gi eater q X o 

than either of the \ 

^s ABC, BAG. \ 

Construction. Bi- 

sect AC at E Join BE and produce BE to F, 
making EF = BE. Join CF 

Proof. In the As BAE, FCE, 

AE CE, be = FE 

Z. AEB = vertically opposite ^CEF {Prop. 3). 

* As are equal in all respects {Prop. 4). 

• z.BAF= A FCE. 

But ^ ACD is >z.FCE. 

.\z.ACD is > ^BAE, 

i.e , > Z>BAC. 

In the same way, by producing AC to G and 
ioining A to the middle point of BC, we can 
prove that /.BCG is > Z-ABC. But Z-BCG 
== L ACD {Prop. 3). 

Z- ACD is > Z.ABC. 

Corollary 1. Any hvo angles of a triangle 
are together less than tivo right angles. 

For z. ABC has been proved < L ACD, 

/. Z.8 ABC, ACB are together less than z.s 
ACD, ACB, i.e., < two right angles {Prop. 1). 

CoioUary 2. Every triangle must hare at 
least Hvo acute angles. 

Fur, if it has one angle equal to, or greater 
than, a right angle, then, by Cor. 1, each of the 
other angles must be less than a right angle. 

Hence, a triangle is only called acute-angled 
wlien it has all its angles acute. 

Parallel Lines 

L Parallel straight lines are stiaight lines 
which lie in the same 5 

jflane and which do not q 

meet however far they / 

are })roduced in cither ^ 

direction. 

2. Let the two stiaight ^ 

lines, AB, CD be cut by a 

thiid straight line EF. q ^ 

^J'h('n, of the eight angles 
formed, ^ 

1, 4, 5, 8 are called extenor Ls. 

2, 3, 6, 7 are called interior Ls. 

2 and 7 are called alternate L ,s. 

3 and 6 are also alternate L s. 

If we are refen ing to any one of the exterior 


angles, say 5, then 7 is called the interior 
opjwsite angle on the same side of EF. 

3. Playfair^ 8 Axiom, Two straight lines whic/t 
intersect cannot both he parallel to a third straight 
line. 

Proposition 11. Theorem 

If a straight line tuts two other straight lines 
and malces, either 

(i.) the alternate ancjles equal ; 
or (ii.) the exterior angle equal to the into Uo 
opposite angle on the same side of 
the cutting line ; 

or (iii.) the hvo interior angles on the same 
side of the i'utting line together equal 
to two right angles, 
then, in each case, the two strai(fhl 
lines are jsDallel. 

Let tlie straight line EF cut the two straight 
lines AB, CD, at the ])()iiits G and H. 

(i.) Lot the Z-A(iH— the alternate Z-GIID. 

It is retjuired 
f to prove that 

\ AB is II to CD. 

, V B Puiof. If AB 

\ and CD are not 

\ meet 

when pioduCed, 
^ \ ^ ijj direc- 

\ tion of A and (\ 

^ or in the direction 

of B and D. 

Suppose they meet wlien produced towards 
B and D, in the point K. 

Then, GHK is a triangle, with the side KG 
produced to A. 

The exteiior of the triangle, z. AGH, is 
>tlie inteiior opposite Z.GHD {Prop. 10^. 

But z_AGH is given equal to Z-GHD, and 
tliey cannot be both equal and unequal. 

AB and CD cannot meet when produced. 

AB and CD are parallel. 

(ii.) Let the exterior ._EGB = tlie inteiior 
ojiposite ^GHD 

It is required to prove that AB is {' to CD. 
Proof. .Since Z-E(*B= Z.GHD {Hyp.), 
and ‘ L EGB = L AGH {Prop. 3) 

/.^AGH= .lGHD. 

But these are alternate Z..S. 

by (i.), AB and CD arc ||. 

(iii.) Let the inteiior L s BGH, GHD, together 
equal two right angles. 

It is required to prove that AB is 1| to CD 
Proof. 

_BGH+ Z-GHD =2 right lh {Hyp.), 
and _BGH-f ^ AGH = 2 right L8{Prop 1) 

/. ^BGH-t- _(iHD= _BGH+ Z-AGII. 
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talking }l^^ay the Z-BGH from each of 
tliese equals, we have 

i.aUD= ^AGH. 

But these are alternate L s. 
by (i.), AB and CD are H. 

Proposition 12. Theorem 
If a straiijhi line cuts hf)o 'pumlUi .strdiffht 
lines^ it makc,\ ^ 

(i.) The alternate angles equal. 

(ii ) The exterior amjle equal to the into lor 
opposite anqle on the same side of the 
cutting line. 

(iii.) The iwo InterUn' angles on the .same .side 
of the cutting line together equal to tivo 
right angles. 

Let the straight line EF cut tlie two parallel 
stiaight lines AB, CD at the points G and H. 

It is required to prove 
that 

(i.) L AGH = alternate 
.iGHD. 

(ii.) Z.EGB — interior 
opposite L GHD. 

(iii.) ^B(m + iiGHD 
= 2 right Ls. 

Proof (i.) If the ^ AGH 
m not equal to /lGHD, 
suppose the i.KGH is equal to 1 .GIID and 
alteinate to it. Then 

KG L I! to CD {Prop. 11). 

But AB is I! to CD (Hgp.). 

there are two intersecting straight lines 
4B, KG, which are both Ij to CD. But, by 
Playfair’s Axiom, this is impossible. 

lAGH is not unequal to i-GHD, 
^AGH= ^GHD. 

(ii.) Since Z-E(tB=: Z.AGH (Prop 3), 
and Z.AGH= Z.GHD (By i.). 

/. lEGB=: ^GHD. 

(iii ) Z-AGH= .iGHD. Add to each ihe 
Z.BGH. 

Z.AGH-4- ^BGH- ^GHD-f ^ BGH, 

But L AGH -h L BGH — 2 right L s. (P\ op. 1). 
^BGH + z_GHD= 2 right La. 
Proposition 13. Theorem 
Straight lines v'hich are 2 )arallel to ihe same 
straight line are parallel to one anotho , 

Let AB, CD, each be || to XV. 

It is required to p^o^ e 
that AB is I ! to CD. 

Draw a stiaight line 
EK cutting AB, CD, XY, A 
at the points P, G, H 
Then, since AB is || to 
XY, and EK meets them ^ ‘ 
lAFH = alternate ^ 

^FHY; ^ 

and, since C^D is |[ to XY 
and EK meets them 

1.FGD = interior op}K)site ,_FHV. 

-.AFH=: ^FGD. 

But these are alternate ^ s. 

AB is II to CD (Prop. 11). 

Proposition 14. Theorem 
The three angles of a triangle are together equal 
to two right angles. 

Let ABC be a A . 
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It is required to 
prove t hat 

.LABC+ Z.BCA 
+ lCAB = 2 right 

Ld. 

Produce BC to 
any point D, and 
let CE be the 
straight line thiougli C which is |1 to BA. 

Pi oof. Since BA and CE are li, and AC meets 
them 

Z- ACE = alternate ^BAC ; 
and, since BA and CE are || and BD meets them 
*. Z-ECD= interior opposite z_ABC. 

A ACE 4- z.ECD= ^BAC+ lABC, 
i.e, z.ACD= ^BAC-f lABC. 

To each of these e(|uals add Z-BCA. 

Then 

^ACD+ ^BCA= ^BAC+ ^ABC+^BCA. 
But 

L ACD 4 - L BCA = 2 right L s (Prop. 1). 

Z.ABC f iiBCAq- Z-CAB= 2 right Ld. 

Notk. In the course of the proof we have 
shown that if one side of a triangle he produced., 
ihe exterior anfle i.s equal to the sum of the two 
interior opposite angles. 

i^orollarg 1. All the interior angles of any 
rectilineal figure^ together v/ith four right angles^ 
are equal to twice as many right angles as the 
figure has .sides. 

Let ABC^DE be a rectilineal figure. 

Take any point O within 
the figure, and join 0 to each 
of the angular points. The 
figure is thus divided into 
as many As as it has sides. 

Now, the three z.8 of each 
A = 2 right L s. 

/, the Ls of all the As == twice as many right 
L s as there are As. 
= twice as many right 
L h as the figure has 
sides. 

But the LS of the As make up the Ls of the 
figuie together with the ls at O, and the Ls at 
O make four right Ld(Prop. 1. (lor.). 

LS of the figure 4- four right Ls= twice 
as many right Ls as the figure has sides. 

(^orollary 2. If the sideH of a rectilineal figure 
which has no re-entrant angle fi.e., no angle 
greater than tuo right angles) are produced in 
order, the exterior ayigles so 
formed are together equal to 
four right angles. 

The interior L 4- the 
exterior L at any angular 
point = two right Ls. 

all the interior Ls + all 
the exterior l s = twice as 
many right L s as the figure 
has angles, i e., as the figure 
has sides. 

But, the interior L s 4- four right L s = twice 
as many right L s as the figure has sides (Cor. 1). 

the interior L s + the exterior L s = the 
interior L s 4- four right L s. 

the exterior Ls= four right LS. 
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By JOSEPH G. HORNER 


WoodworKcra* Boring Tools. The 

differences between these and the drills and 
allied tools used by metalworkers are, as in 
other tools, chiefly those due to cutting angle, 
which again is governed by the difference in 
the softer and harder character of the materials 
operated on. The woodworkers’ boring tools 
have a. small tool angle ; the angle of front rake, 
or that of the cutting face often approximates 
very closely to that of the face of the material 
being cut, and the angle of top rake is low, 
permitting of the free escape of the shavings. 
These points are seen in the numerous bits 
and auger bits. The term hits, with suitable 
prefixes, denotes a large and varied group of 
useful tools, some being seen in 88 to 42 ; 
but though these bits possess in common the 
features just stated, their variations call for some 
further explanation. 

Two Classes of Bits. There are two 
kinds of holes required in timber — one in which 
location to a precise centre is not essential, 
the other in which it is. The ordinary shell 
bit [88J, A, spoon bit, B, nose bit, C, and augers 
[89], A, do not bore accurately, liecause they 
possess no centring tit. The gimlets, and 
gimlet augers, B, and the twist gimlet, C, do 
possess this feature in the tapered screw. But 
they have disadvantages in other respects, in 
consequence of which they are unsuitable for 
work demanding a high degree of accuracy. 
The numerous centre bits possess the centring 
faculty in varying degrees, because the hole 
is started by the tit placed in the centre, before 
the cutting edges come into action. Around 
this principle designs are varied to obtain 
equally balanced cutting forces, to produce 
clean severance of grain with the least effort,^ 
and to facilitate the escape of chips with the* 
minimum of friction. From these points of 
view the common centre bit [40], A, is the worst 
of its class, because its cutting action is un- 
balanced. It has one nicker, a, and one cutting 
lip, 6, on opposite sides of the tit. Directly 
the cutter, ft, begins its work, practically all 
the stress is thrown upon its side of the centre, 
with much torsional effort. Its cutting edge 
also is too wide for easy work, hence these bits 
tend to run, and they will not bore with fair 
truth except in plank way of the grain. Try 
them in end, or diagonal grain, and they are 
almost useless. Neither is the tit of triangular 
section a good form for centring, hence many 
recent bits have a screw instead, B, but the 
other objectionable features remain. 

Balanced Bits. Contrast this with the 
later forms [41], the Gilpin, the Jennings, the 
Irwin, and others. These comprise a fine 


central screw for centring, two nickers, and 
two cutters on opposite sides. Or cutting is 
an operation done without separate nicking, and 
the lips are generally formed in some fashion 
or another to give a shearing or detailed cut, 
and so lessen the seventy of the task. In 41, 
A is a Jennings bit with screw and nickers ; 
B differs in having double nickers, or spurs, 
going down and up, the latter helping to get 
the chips out of the hole ; in C the spurs stand 
upwards only. In Gedgo bits, D and E, the 
curved cutting edges cut very sweetly, on the 
same principle that a gouge severs more material 
with less effort than a chisel does, due to the 
shearing action. E is a solid-nose auger, the 
.chips passing up through the holes in the nose. 
F IS a screw auger with lips which neither stand 
up or down ; G and H arc Irwin bits, or augers 
in two forms out of several, the features common 
to all being the solid circular forged shank. 
In the examples A to F, provision for getting 
out the chips, absent in the centre bit [40], is 
secured by the spiral twist. In some also the 
turned-up lips assist in lifting out cuttings 
from deep holes. The spiral in A to F is imparted 
by twisting a flat piece of steel into a helical 
form. In G, H, and others the shape is that 
of a small cylindrical stem with a deep helix 
around it, and it is claimed that there is less 
friction and more strength in this form than 
in the other. Some of these, termed auger 
bits and augers, are made in the same designs, 
but of larger size. These tools are made for 
use by hand, and by machine also. 

All these are rigid tools, eax'h capable of 
boring only one diameter. The principle of 
adjustability is embodied in the expansion 
centre bits and the hollow augers, the first for 
holes, the second for pins and dowels. In the 
first [42] the cutting lip is adjustable to a 
considerable range of radii, and is clamped by 
a 8crew^ Graduations on the face enable the 
diameter to be read. These bits will bore the 
exact size specified; centre bits always bore 
larger than the normal diameter. The hollow 
auger [43] has two adjustable knives, a, pinched 
with set screws, to produce a moderate range 
of diameters. 

Well-sinker's Tools. The boring tools 
are not exhausted by the metal and wood 
workers. The well-sinker uses them for boring 
hundreds of feet down into the earth’s strata. 
These are formed on identical principles with 
the others, but they are attached to rods, added 
lengths of which are screwed on as the depth 
of the boring proceeds. Some types pre- 
dominate — the flat chisel, the tee chisel, the 
clay auger, and the circular chisel. A few are 
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Bhown in. 44 . A is a tee chisel. It combines 
the form of the chisel with the function of 
the drill. The curved side piece ensures the 
cutting of a circular hole by the rotation of the 
chisel. Flat chisels are used without the aide 
piece, but they have to be lifted at every few 
inches and rotated rapidly. B shows four 
chisels mounted on a boring head. C is a 
circular chisel armed with teeth. Diamonds 
are frequently set in a tool of this kind, having 
a plain crown instead of teeth. They are used 
for drilling the hardest rocks, and often cost 
hundreds of pounds each. Ordinary rocks are 
pierced by rock drills. Some have four edges in 
the form of a cross, usually of chisel shape, though 
varied in forms, D. Tliese are used in percussion 
boring, being lifted, dropped, and rotated, so 
breaking up the rock and producing round holes. 
The chips are removed by other tools termed 
shells. Clayey soil is removed by clay augers. 

Tools for Screw Production. Few 
except engineers are aware of the large 
numbers of diverse tools and machines which 
are used in the formation of screw threads. 
The dimensions of screws, the degree of accuracy 
demanded, and the quantities required are 
the principal causes which control methods.* 
And within each governing condition there arc 
many methods, and many designs by which 
similar results are attained. The subject of 
screws, and the tools and machinery for pro- 
ducing them do, in fact, give sok' occupation 
to numerous firms. 

Screwing tackle may be broadly divided into 
two groujis, one being that in which the cutting 
tool or tools have one function only, that of 
producing the correct section of the screw 
thread, the pitch and diameter being controlled 
by extraneous devices. This is the method of 
the screw-cutting lathe, the chasing lathes, 
and the hand-operated comb, or chasing tools. 
The other group comprises tools which not only 
produce the sections of the threads, but also 
size and pitch correctly. These include the 
taps and dies, both hand and machine operated, 
which, once started, have the capacity of self- 
guidance by virtue of the lead of the threads, 
and the use of three or more cutters in the 
circle. 

Of the first-named group little need be said. 
The method^ of strew cutting in the lathe have 
been touched on in a previous article. With 
regard to the tools, they simply have the section 
of the thread, vee or square in plan, generally 
without top ralvc, acting, therefore, as scrapes. 
In square tools for square -threaded screws, care 
has to be taken to give sufficient clearance at 
the leading edge, the amount of which depends 
on the *slope or angle of the screw thread. The 
second group includes the common taps and 
dies, in which there are several important points 
to be noticed ; and then the machine dies, which 
constitute a very large number, most of which 
are automatic in their action. 

Taps and Dies. In their most elementary 
form tliese are simply screws adapted as cutting 
instruments. They have undergone a gradual 
process of evolution from forms in which friction 

4480 


and squeezing ac tion were more in evidence as 
cutting, to present-day types, in which friction 
is of the slightest. In the old ones the screw 
threads occupied by far the largest portion 
of the circumference of the tap or die ; in the 
modern types, the spaces predominate. 

If we look at the tap and die in elementary 
forms, used still in small tap and screw plates, 
wo see that a screw, external or internal, is made 
into a tool for reproducing other screws by 
cutting grooves down depth wise, the edges of 
which grooves act either by scraping, or by 
cutting. 

Tap Sections. In the very smallest taps 
considerations of strength prevent them from 
being deeply fluted like those of larger size. 
Small taps — that is, those which are used with 
screw plates — arc often of the sections in 46 , 
A and B, in this respect resembling the flat- 
faced reamers, and coming, therefore, properly 
under the head of scraping tools. All taps were 
formerly of these sections. But taps of over 
about in., and even smaller in the best 
makes, are fluted, as at C or D, the front of the 
cutting edges pointing radially to the centre of 
the tap. Either three or four flutes are made, 
four being generally favoured, on account of the 
better guidance. A slight amount of clearance 
or relief is imparted to the back of the teeth 
by backing off the threads, C, D, in a similar 
manner to that described in connection with 
backed-off milling cutters. Formerly taps were 
relieved by tapering the entire thread down the 
length of the tap, but such is bad practice, and is 
never follo^^ed now, because the tap loses thereby 
its proper guidance. But backing-off can never 
be very pronounced because of the weakening 
effect of each on the cutting edges ; hence the 
friction of tapping is severe. In the best taps 
there is seldom any front rake. But good results 
are secured by lessening the segments of the 
thread, either by increasing the number of grooves, 
or by giving them greater spacing, which applies to 
both taps and dies. Though the incisive action 
is not increased directly, it is indirectly, by lessen- 
ing the amount of screw thread which is buried 
m the work, and thus lessening friction. Simple 
though these principles are, yet on the duo 
balancing of the relations of these elements in 
die construction, and in a lesser degree in taps, 
depends a difference of perhaps 200 or 300 per 
cent, in rapidity of output. 

Die Sections. In the dies the typical form 
is not so apparent. The cutting face is formed 
by grinding the loading edges, either parallel with 
the face of the die, or radial [ 46 ]. But it is obvious, 
on a moment’s consideration, that the cutting 
action of either one of the edges or corners is 
a variable character, because of the varyhg 
diameter of the thread which is being cut, md 
the unalterable size of the dies. Dies ar cut 
over hobs [ 47 ], which arc either one )T two 
threads larger in diameter than the serous which 
they have to cut, and as the thread to te cut has 
two diameters, one at the bottom andthe other 
at the top of the thread, true coincidence between 
thread and dies can take place /nly in one 
position. 
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The action of the dies is seen clearly in 46 , 
where 1 shows the position of the die when com- 
mencing to cut the thread, and 2 its position 
when the thread is finished, so that the cut is 
commenced with the corners a. Then as the thread 
deepens they are thrown off, and a squeezing 
action occurs between a and ?), and afterwards the 
corners a quite cease to cut, and all the work is 
therefore thrown upon the internal corners b. 
The only angle of clearance then is that slight 
amount which is present when the surface of the 
thread being cut is not in exact coincidence with 
the surface of the die — that is, at the periods 
when the comers a or h are actually cutting. 
Also, the slight alteration in the angle of the 
thread, which is continually taking place as the 
diameter of the screw is being rcniuced, throws 
extra work on the dies, causing excess of friction. 
It is thus apparent that dies are not good 
cutting tools. Chasers are superior as cutting 
tools, because they have the proper angles 
readily imparted to them. 

Out of this action arises the question of the 
best curvature to impart to dies. As these arc 
cut by a hob or master tap 1 47], their curvature is 
obviously that of the tap, and unalterable. In 
46, A shows a practically impossible form in 
hand dies of the style shown, cut over a hob of the 
^me diameter as the thread to be produced. 
Obviously, though these would cut at the start, 1, 
At the finish, 2, the cutting action would have 
ceased. But in those shown at B, made over a 
lob one thread deeper than the thread to be cut, 
*hey are still operative at 2 whqp the thread is 
lown to size, for the edge h still has relief, due to 
he difference in curvature of the thread and the 
die. At C, dies cut over a hob two threads deeper 
than the screw to be cut do not cut well at first, 
but when the thread is finished they are fully 
operative. 

Now, though these are, and have long been, the 
standard design used in England for hand di(‘s, 
they are not the best possible. American dies 
have wider spaces, and smaller arcs in operation. 
Fig. 48 illustrates a few. 

American Dies. The feature in these is 
that they are solid, and do not therefore permit 
of being closed inwards at intervals as the thread 
is cut, like the dies just illustrated. One run over 
is sufficient to cut the screw, and there is far less 
of the squeezing action which causes the ordinary 
dies to work so hard. The appearance of a solid 
die in plan is shown in 47, A. The cutting faces 
have a slight amount of front rake, and the dotted 
lines indicate the relative angles of the faces 
behind the thread, which slope away in a direction 
that gives strength to the die. The threads are 
back^ off to give clearance similarly to taps. 
Although these are solid dies, provision is intro- 
duced for varying the diameter of the screw cut, 
either to compensate for wear of the die, or to 
effect differences in the fit of screws in their holes, 
tight or easy, as desired. A common method is 
that at B, where the die is split at one side, and 
being placed within a ring or coUety is expanded 
by screwing in the point^ screw at the side, or 
contracted by the two screws at right angles, 
the elasticity of the die being sufficient to allow 
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of a small amount of springing. There are many 
other devices for producing the same effect, being 
chiefly tapered or point^ screws. The outer 
collet is held in the die stock, or, in the case of 
lathes and screw machines, in a circular body. 

In some dies, especially those of the larger 
sizes, steel is saved, and convenience of grinding 
secured by fastening flat pieces, or chasersy in a 
body, C, provision being made for easy removal, 
and for adjustments to and from the centre. 
Another class of die,D, used on some machines, 
has four or more cutting portions and is encircled 
by a clamp ring, so that the die may be closed 
in or allowed to expand in order to thread to very 
fine limits. Sharpening is easily done by means 
of a grinding wheel passing down the flat faces 
in the gaps. 

Machine Dies. The dies for use in ma- 
chines are much more elaborated than the taps. 
There are some dozens of different designs of these 
die-headsy as they are termed. But they nearly all 
have the property of adjustment, or sizing y to 
compensate for wear, and to work to minute 
limits of tolerance. Hence the mechanism in some 
is highly elaborated. In the simpler forms, used 
largely in screw machines and turret lathes, a 
spring action is embodied, the dies being split as 
in 48, and encircled by a ring or collar by which 
they can be closed to a minute amount from time 
to time. In others, the closing in or opening out 
is effected in a way which is regulated by gradua- 
tions, so that the diameter of the thread can bo 
read on the edge or face of the holder. In more 
advanced designs provision is made for the 
automatic opening of the dies when a thread has 
been cut, in order to avoid the reversal and run- 
ning back of the die off the thread. These are 
self ‘Opening dies — a numerous group. In all, the 
flat chasers are used, of the style C in 48. All 
these make an interesting and wide study in 
themselves. 

Opening Die-heads. In the opening 
die-heads mechanism is included by which the 
chasers, usually four in number, may be suddenly 
drawn back from the thread, so that the head can 
be withdrawn by the turret in which it is held. 
This movement of the chasers is either a direct 
radial one, the chaser holders sliding in grooves, 
or a pivoting action is given, an example being 
shown here. A stop piece is provided, which is 
struck sometimes by the end of the work, 
sometimes by a part of the machine, to cause 
the chasers to fly open, under the pressure of a 
spring. When another thread has to be cut 
they are closed in again by hand, or auto- 
matically, and the cycle is repeated. Previous 
to the introduction of these time-saving die- 
heads, the direction of rotation of work in the 
screw machines had to be reversed, so that the 
head ran itself off the thread. 

The Tucker die, made by the Pratt & Whit- 
ney Company, may be taken as an instance of the 
pivoting type [49]. In the three views, A shows 
the outside elevation and B a section with the 
chasers closed in, while C indicates the appear- 
ance when opened off the thread ; a is the shank, 
held in the turret bole, and carrying a sleeve, by 
which has a limited amount of sliding motion. 
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A. ring, c, is fixed in any position on 6 by a set for metal, are sharpened at a bevel, by which 
screw, and a long screw, d, in c projects out friction is diminished, the saw cutting sweetly 
more or less as required, so that it may be struck and attacking the material in an oblique line, 
by a portion of the machine when the turret with a resulting shearing operation. Thus, in 
has travelled up to the required distance. The 61 and 62 bevelled lines represent the direction 
result of striking d is that c is slid back, carrying in which the file is held when sharpening the tooth 
with it 6, which causes the dies to open, in the faces, so that the tooth face meets the material 
following manner. The chasers, e, are clamped like the iron of a skew-mouthed rebate plane, or 
with square-headed set screws, and adjusted like a turning chisel. Though the tooth is so 
with slotted head screws endwise in holders, / ; thin, this bevelling exercises a very marked 
the latter are pivoted in a ring, and coiled influence on the sweetness of the action of the 
springs are inserted in the holes below the slotted saw teeth. 

screws which adjust the chasers. The flat Forms of Saw Teeth, There are 
springs shown in black on the end of the body, a, various practical considerations which govern 
serve to keep out dirt and cuttings. It will be the sizes and forms of saw teeth. The main 
seen that as long as the sleeve, 6, remains in the requisite to be fulfilled is that the teeth shall 
position shown at A and B, the dies are closed, operate as freely as possible. As a general sum- 
ready for work ; but when the thread is finished, mary, we may say that the harder the material 
and the screw d struck, h is slid back and its the greater the backward slope of the faces of the 
bevelled end allows the ends of the chaser teeth ; in technical language, the less rake present, 
holders, /, to slip down, the coiled springs men- and the finer the pitch or distance between teeth, 
tioned causing the tilting action, the result relatively to the size of the saw, the less the set, 
being that shown at C. Reclosing is effected or amount by which the teeth are bent to right 
by sliding the ring, c, and sleeve, 6, back again and left of the plane of the blade, 
to the position at A. Teeth, when cutting through wet >\ood, must 

Kinds of Taps. Leaving the sectional have more set than those working in dry stuff, 
forms of taps and dies, we note the longitudinal because the matcTial removed is more apt to 
shapes of taps |50]. In taps operated l)y hand, clog and hinder the saw’s action, and they 
two separate ones are required to cut a thread, require larger pitch, which means more spacivfj 

and in some cases three. First, as the tap must in ord^r to allow freedom for the dust to g(*t 

enter a hole of the same diameter as the bottom away without choking. 

of the thread, the lower portion of the tap is The Set of Saws. In many saws, espe- 
ground away to that diameter, thence tapering cially for metal, the set is imparted by a 
upwards until only about five complete threads thinning back of the blade behind the teeth, 
are left at the top. This is the entering or Fig. 51 may be termed the hand saw type of 
taper tap [60], A. The next, or middle tap, B, tooth, varied in the slope of front and back rake, 
has all its threads full, save four or five at the and in sizes of teeth. It will rip, or cross-cut 
bottom, and this completes the thread, provided hard or soft wood, but is more suitable for the 
the hole is a thoroughfare one, so that the tap can first kind than the second. For soft wood only, 
run right through it by four or five threads. the front, a, of the teeth, should be nearer the 

But if a hole terminates in a blank end the upright position, and the backs might have more 

bottoming or plug tap has to finish. This has full slope. The set seen in the plan [51] is slightly 
threads to the end, C. The illustrations are those exaggerated, being suitable only for use in cross- 

of American taps, in which the same proportions cutting soft woods. For ripping hard or soft 

exist as in dies — namely, nan*ow cutting arcs w^oods its amount should be considerably less, 

and wide spaces. English made ones have about Fig. 62 illustrates the teeth of circular saws 
twice the width of threads. Machine taps are for hard and soft woods. The teeth of A 
longer than hand taps, often veiy long, and have little rake, those of B have. A has less set 

they are gripped differently. When very than B, and its sharpening angle is less, as in- 
exact dimensions are required, expanding taps dicated by the dotted lines. Note the large size 

are sometimes employed, in which the cutters of the gullets, which are necessary to permit free 
are capi^ble of radial adjustment, similarly to escape of the sawdust. Rapidly running saws, 
those of the reamers. like circulars, require more space than the hand, 

Saws. Saws include both scraping and cutting or pit saws, of even the frame saws, 
tools, whether we regard the action of individual Fig. 63 shows the blade saws, used as band saws 
teeth or their total action. It is seldom that and frame saws. A would be suitable for hard 
the angle of front rake is less than 90 dog. — it is woods, B for soft. Fig. 64 illustrates two types 
usually more, the teeth leaning back, in most of cross-cut, the triangular toothed A, and the 
saws, until we arrive at the equilateral triangular M-toothed B, variations in which occur. They 
form of the cross-cut and hack, or metal -cutting scrape only, and operate equally well in both 
saws. Hence the material is removed as dust, directions. 

except in the case of very wet stuff, when it be- Saws are either rectilinear or continuous, 
comes somewhat stringy, but never approaches to To the first class belong the hand, tenon, bow, 
the character of a shaving. Yet, viewed in one fret, compass, cross-cut, and kindred kinds, 
aspect, most saw teeth have a formation which To the latter the band, circular, and cylin- 
causes their action to approximate to that of drical forms, all of which are too familiar to call 
true cutting tools. All saws, except those used for any observations or illustrations 

Continued 
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ACCORDION 

The accordion, or melodoon, may be regarded 
as a large edition of the mouth-organ, its sounds 
being obtained much in the same way. It 
consists of a pair of oblong-shaped hand -bellows 
with seven or more folds. To the right side of the 
instrument is affixed a number of levers arranged 
m rows. Sometimes these keys are like the stops 
of a concertina. According to the make of the 
instrument, so there are 8, 10, 12, or 21 keys. 
Besides these, there are three larger valves, 
knowTi as the wind, accompaniment, and bass 
stops Tn the largest variety there arc 21 keys 
m tv o rows. The upper scries gi\ es an irregular 
scale of G major [Ex. 1]. 

An inverted v over a note implies that the 
bellows haAe to be drawn out. Notes without 
such a mark are obtamed by pressing in the 
bellows. The lower senes gives the scale of 
C major [Ex. 2J. 

Eac'h key or kner sounds two notes. The 
first is produced when the bellow's are pushed in, 
and the second when they are pulled out The 
reason for this is that as eacli key is pressed a 
valve inside the hand-board is ojiened. Within 
the opening are two little tongues tif metal, one 
lient forward and the other backward. Accord- 
ing to the small or Jai’ge size of the tongues, so is 
the pitch of the sound produced high or low, 
Vl’hen a valve is opened and the air is compressed 
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it causes one of these tongues, or reeds, to vibrate 
be regarded quickly, and its motion, magnified by a sound- 

n, its sounds board, causes the musical tone. Then, when the 

le way. It bellows are expanded, the other litttle tongue is 
land -bellows made to vibrate by the opposite current of air. 
it side of the Thus the second sound is produced, 
ers arranged The best way cf playing the accordion is to 
ike the stops rest it upon the knee. By making a pivot of the 
make of the knee, a pushed bass note and a pulled melody 
or 21 keys. note may be sounded at the same time. Pass 
'ger valves, the right thumb through the loop provided for it. 
;t, and bass This leaves the other right fingers free to press 
arc 21 keys the keys. Put the left hand on the other side: 

an irregular its chief duty is to work the bellows. According 

to the force used in pressing or drawing out the 
es that the latter, so is the intensity of the tone regulated, 

t^s without It requires considerable skill to make a good 

sing in the crescendo or diminuendo. An overblown accordion 
le scale of sounds at its worst, whereas when played w'ith 
even softness, it is often heard at its best. Place 
lotes. The the sec'ond and third left fingers through the 
! pushed in, strap ; the left thumb can then press the wind 

! out The stop. The bass valve is worked by the left little 


finger. It gives two deep notes, C when 

the bellows arc pressed in, and G below the C 
j— when they are drawn out. The first 
left finger is used for the accompaniment stop. 
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This gives the chord of the sub-dominant of G 
when the bellows are pushed in ^" 7 ^" and 


the chord of the tonic of G when hey are pulled 


out 



, a couple of chords such as an 


organist in church usually employs for the 
“ Amen.” 


The student who wishes to make the most of 


this instrument should peru.se the course on 
Harmony [page 371, in order to avoid sounding 
the accompaniment and ba.ss stops with •wTong 
notes of the melody, as is done by unmusical 
street players. Nevertheless, the >>e 8 t of these 
instruments, when performed upon skilfully, 
are not without a certain artisti<' value. 


As an incentive for the non-musician to pre- 
pare liimself I 0 learn the English concertina, 
the accordion has been, and is, undoubtedly 
helpful. 

Before beginning to play, press the wind stop. 
Tliis inflates the bellows. If they are already 
fall, and a “drawn-out” note has to be sounded. 


press the stop to let some of the air escape. The 
bellows can then be further drawn out and the 


necessary notes obtained. 

Having given the notes for the accordion with 
21 keys, for the sake of reference we tabulate 
the scale of the smallest variety, that with 
8 keys [Ex. 3]. 

The scale of the accordion with 12 keys 
is given in Ex. 4 . 

But the most popular style of accordion at 
present sold is the instrument with 10 keys. We 
have therefore reserved the fingering of its 
compass [Ex. 6 ] to the last. 

B means bass stop, A accompaniment stop ; 
if both letters occur together, both stops mast 
be used at the same time. 


As an exercise, in conclusion, the student 
who has followeci these instructions carefully 
may practise with profit the quaint old country 
melody which is given in Ex. 6 . Strict 
attention must, however, be paid to time. 


• FLAGEOLET 

The English instrument has six finger-holes. 
Prom these three octaves and a half, with all 
the intermediate semitones, can be produced, if 
the student only knows bow. 

The cheap flageolet can be I ought in various 
sizes. They are all finger(‘d alike, Vjut the longer 
the tube the deeper the tone. Get the most 
usual size, marked “ D.” Its lowest note should 
be in tune with the I) below treble staff. 

Cause of the Tone. Everybody is 
familiar with the tin whistle, but few understand 
that the whistle, in itself, has no sound. The 
plug of wood filling up most of the tube forming 
the mouthpiece serves to shape the breath into 
a thin flat sheet. This air strikes against the 
sharp lip, slightly bent in. of the aperture', 
the result being that the sudden contact brings 
about those pulsations or vibrations which 
produce the musical tone. Do not play the 
top notes with the right hand. The left hand 
must huger those nearest the mouthpiece, and 
the right hand the three lower notes. 

Place the left thumb behind the upper half of 
the tube and let the right thumb steady the lower 
half. Keeping the fingers off the holes, blow 
gently. This (in a “ D ” tube) sounds C^, 
nearly an octave above the low est D. Put down 
the first finger of the left hand. Blowing as 
before, the sound will be B, third line treble' 
clef. Depress the second left finger to get A ; 
the third left finger for G below' ; the first right 
finger for (in the key of D major) ; the 
second right finger for E ; and the third right 
finger for D. All the holes arc noAv covered. 

Natural Notes. Now tackle the scale 
of D major, uncovering the holes successively 
and sounding the notes softly as the scale is 
ascended. [Ex. 1 .] 

After reversing the order of the six notes 
first played, to get the octave D above the lowest 
note, put down all the fingers excepting the first 
of the left hand. Blowing with somewhat more 
force, take off the third right finger as the first 
left finger is put down, the octave above the 
previous E sounded will be heard. To get Ft, 
G, A, and B, uncover the notes exactly as before, 
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but increasing the pressure of the breath. The 
reason for this increased pressure is that the air- 
motion inside the tube needed for a note of high 
pitch must Vie quicker than that for one of low 
pitch. For the lowest note, the bre^ath must 
cause, as in the case of a stung, the whole 
tube to pulsate m one large segment [see Violin, 
page 2511]. By mcreasmg the rapidity of the 
air, this segment splits itself up into two, and 
the same effect is obtained from a tube as from 
sounding only half the length of a string For 
the octave above the CjJ sounded when all the 
holes were fre(', put down the second and third 
left fingers and +he first right finger. 

To get the next note, D, two octaves above the 
lowest sound, lift the first right finger For the 
E above, open the two centre holes, but put down 


the first and second left, and second and third 
right fingers To get the Fft, two octaves 
above the first F S, put down the first and second 
left fingers and the first and second right fingers. 
For the G, two octaves above the first G, depress 
the first, second and third fingers and blow hard. 
Lastly, to obtain the highest note the instru- 
ment gives, cover the foui centre holes, leaving 
top and bottom holes open. Thu'^, the ordmary 
flageolet easily sounds nineteen notes. The 
beginner whose eai is musical will soon learn 
them, especially if he gets the sound he wants 
well into his mind by referring to a piano or 
harmonium. These are called the natural notes 
of the instrument, and suffice for the playing of 
ordinary tunes. If m earnest, the student may 
learn much on the tin whistle, which will be 
helpful, should he desire, later on, to take up 
.the fife or flute. After memorising the notes 
given, he will soon be able to play by ear “ God 
Save the King,” “ Home Sweet Home,” and other 
familiar melodies. Rather than wasting his leisure 
in such a way, we would point out the desirability 
of practising daily, m correct time, exercises 
which will familiarise him with the fingering of the 
instrument, because, without such training, he 
can never hope to excel. [Ex. 2 .] 

In this exercise each note must be played 
distinctly aad with a separate breath. Do not 
hurry. The main point is to play slowly and 
steadily, in correct time. Make each sound last 
during so memy ticks of a clock. Increase the 
speed gradually by diminishing the number of 
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ticks, but avoid playing three or four notes 
quickly, then pausing to find out the next, and 
then making another rush. Next try playing 
several notes with one breath, so that they 
appear to be linked together by a slur. [Ex. 8.] 
Chromatic Scale. W? now come to a 
greater difficulty, which ordinary players imagine 
is impossible of accomplishment on a flageolet 
without keys. It is to insert between the natural 
notes those sharps or flats necessary to enable 
the player to run up or down the scale by a series 
ot semitones. This is done partly by difference 
in fingering and partly by the graduated force 
of the breath. If mastered, it enables the 
student to play in almost any key, and invests 
his instrument with musical attributes imknown 
to ordinary players. The student should, there- 
fore, not rest content until he has made himself 
thoroughly familiar with this fresh complication 
Sound the low D as befon% with the six holes 
covered. To get D blow a little more strongly. 

“Will ” to get the half-tone above. The sound 
wanted will come Take off the third finger for 
E. To get Ft, half a tone above, lift the 
second right finger, blowing softly. As the 
instrument is in D, and D major has two sharps, 
F and C, the next natural note will be Fff. Play 
tliat as before, bv taking off the second and third 
right fingers. Sound the 0 as before by taking 
off the first right finger. For G f , take off the 

third left finger, as for A, but put down the 
first, second, and third right fingers, blowing 
softly. Sound the A by removing the three 
right fingers. 

To get AJ, take off the second left finger as 
for B, covering all the other holes. Sound B. 
To obtain CR take off the first left finger 
as for C but put down the second left and the 
first and second right fingers. Play CJ as 
before, with all the holes open, and D, on octave 
above the lowest sound, by closing all the vents 
excepting the top one. To get D i[, do precisely 
as for the previous D jif. Make E, F, F ^ and G 
as before, altering the pitch by increaW pressure 
of the breath. To get the G ^ an octave above 
that first sounded, finger as for A, with the first 
and second right digits down; close the fourth hole 
with the first right finger. Sound the A as before. 

For the Atf, an octavo above the first 
finger as for B, with the first right finger down ; 
but put down also the third right finger. To 
get Ct;, an octave above the &8t Cf, finger 
as for 0^, with the second and third left 
fingers and first right finger down, but depress 
also the second right finger. Then take off the 
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latter for the C Take oft tlie first right finger 
for the D. To get D J*, put down Ihe second and 
third right fingers, as for E, al o the se(‘ond and 
third left fingers. Then lower the first and 
second left fingers as before for the E. To 
obtain the F;, two octaves above the first 
Ft, put down the first and second left and 
first and second right fingers, and blow hard. 
Sound top G as before, with the first, second, 
and third left fingers. 

For G J, two octaves higher than the first G it, 
when all the notes were closed except the third, 
reverse the process by leaving all open except 
that hole. Lastly, sound top A as before. 

Exercises. Facility in playing chromati- 
cally cannot be gained all at once. But as 
the rules controlling the production from a 
simple pipe of the different sounds enumerated 
are governed by acoustical laws, they apply not 
alone to the flageolet, but to other tubular instru- 
ments proportioned in the same way. The 
sooner, therefore, the student familiarises him- 
self with them the better, altliough later, the 
necessary sharps or flats may be obtained more 
conveniently by keys. 

CONCERTINA 

The musical student who has an opportunity 
of becoming the possessor of an English concertina 
may rest assured that it is well worthy of serious 
attention. It is no mere toy, as is too often 
supposed. Not only has the concertina great 
purity of tone, but it is capable of remarkable 
rapidity of execution, whether in single or double 
notes. Moreover, the simplicity of its fingering 
and power of crescendo and diminuendo are 
most effective. The English concertina, being 
furnished with a double action, produces the 
same note both on drawing out and pressing in 
the bellows. 

Not only is it capable of being played in any 
key, but in some ways it is superior to the 
pianoforte, owing to its power of sustaining and 
modulating the tone, its portability making it 
possible to be carried from place to place, and its 
smaller cost which places it within the reach of 
more pockets. Wi&iowt difficulty the executant 
can negotiate intervals of thirds, sixths, 
octaves, tenths, and extended harmonies. At 
the same time it is capable of performing music 
written for the flute, hautboy, etc. 

A Minor Derangement. The only 
trouble this instrument is likely to give a player 
is when a note sometimes goes dumb. This is 


usually caused by a particle of dust getting 
between the frame and the vibrator. Loosen 
the six screws in the plate of the side which needs 
attention sufficiently to allow the action to 
be removed. Take out the action. The note 
will be easily discovered, as its name is stamped 
on the top of the frame. Displace the reed 
by drawing it from the groove. Hold it up to 
the light. The dust which interferes with the 
sound will be visible. Remove this with a pen- 
knife. In replacing the parts, note that R 
and L stand respectively for the right and 
left hand. These letters must correspond 
with the R and L and number on the top of the 
pan to ensure correct adjustment. Observe the 
same figures in replacing the action. 

The complete concertina family consists of foin 
instruments. First, we have the soprano, used 
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for solo work, with a compass of three and a halt 
octaves from fiddle G, two ledger lines below 
treble staff. The tenor, bass and double-bass 
concertinas extend the compass downwards, so 
as to make altogether six and a half octaves. 

Attitude. The concertina may be played 
either sitting or standing. To diminish th(‘ 
weight on the thumbs, especially with the laige*’ 
patterns, a ribbon is secured to the middle 
buttons and carried round the neck. Be 
careful, when the instrument is played sitting, 
that the folds of the bellows do not rub against 
the clothes or dress. Place the left-hand 'side of 
the instrument on the left knee. Each thumb 
must be passed as far as the first joint into the 
loop provided for it. If this is too tight, or 
too slack, regulate it by screwing or unscrewing 
the metal button. Place the fourth finger 
lightly in the finger rest. It should stop there 
except when, by moving it, the hand can assume* 
an easier position while playing. Do not draw 
out or press in the bellows unless a key is 
touched. The pressing in and drawing out is 
done with the right hand. Force of sound depends 
on the degree of pressure or pulling applied. 

The beginner should practise his exercises at 
first with the least degree of force. It saves 
the wmr of the instrument, and makes it almost 
inaudible in another room. To facilitate the 
pressing in or drawing out, rest the fleshy part 
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of the hand against the instrument. The attitude 
of the player should be natural. Keep the 
position of the arms easy. Never overforce the 
bellows. This produces a discordant sound, 
and is sometimes injurious to the instrument. 
Draw out and press in steadily, in a straight line. 
Do not turn or twist the instrument. Cultivate 
a habit of pulling out to the full extent, and then 
pressing in without break in the sound. Do not 
change the direction of blowing in the middle 
of a phrase. Exactly as the lungs act when 
singing, so Jet the instrument take a fresh breath 
before and after a passage. Utilise any rest which 
occurs for such inflation. Remember that lower 
notes require more reserve force than upper ones. 

Fingerboard. The system of fingering 
and position of the notes on the English con- 
certina make it distinct from any other musical 
instrument, and give certain peculiarly artistic 
attributes. On either face there are four parallel 
rows of stops. The two centre rows are akin 
to the white keys, or naturals, on a piano, the 
outer, or first and fourth blac-k rows, furnishing 
the sharps or flats. The C?s. to distinguish them 
from the other notes, are coloured red, an idea 
probably borrowed from the harp. The treble 


are on the spaces, whilst the bottom staff only 
those notes which are on the lines. 

Thus G is the lowest of the second column on 
the right hand, and A the lowest note negotiated 
by the second finger of the left hand. B is 
the lowest played by the second right finger ; 
C, the lowest played by the first left finger ; and 
so on, zigzagging from key to key. To run up 
a scale, therefore, the hands are used alternately, 
whereas, on a harmonium, one hand has to do 
the work alone. The difference in fingering 
thus between the two instruments is capable 
of producing quite different effects. Play the 
natural key of C [Ex. 2]. 

Chromatic Scale. The chromatic scale 
is important and needs daily repetition. Be 
careful to press each note equally, so as to 
obtain evenness of tone. Practise slowly. The 
student should observe that the concertina, 
unlike the piano, has separate notes for and 
At?, and for and E^. These are not tuned 
in unequal temperament, but are added in order 
to simplify the fingering. Therefore, when Dj( 
or G a is required, play the note next to D ^3 
or G£. When At? or E t? is needed, press that 
next to A t| or E f. [Ex. 3.] 


Ex. 3. 



concertina usually has 48 keys, comprising 
*25 naturals and 23 accidentals. Now, when 
the thumbs are in the loops, the first finger 
negotiates the whole of the second column of 
keys, that digit being moved to the first row 
when required. The second finger negotiates 
the third row, and the third finger the fourth 
row. The place of the little finger is, as has been 
mentioned, on its rest, except when it is used to 
simplify execution. When sounding passages 
of sixt]^, octaves, and tenths in sharp or flat 
keys, it is of particular service. Finger pressure 
must be elastic and delicate, but firm. Do not 
thump the studs. Let the finger tips glide from 
one note to another. 

For staccato playing, however, raise the finger 
slightly above the note, so that it may be struck 
sharply , and immediately released. In passages 
which are slurred, each note must be held down 
until the next finger is ready, that there may be 
no break between on*^ sound and another. 

Scales. Take Ex. 1. Here we give two 
staves. The top staff shows only notes which 


Although, as a general rule, each column of 
keys is manipulated by the same finger, certain 
effects are facilitated by repeating the same 
notes with different fingers. In such a case, 
keep the two fingers used for the change close 
together to avoid unnecessary movements. 

If artistically produced, the tremolo effect 
closely resembles the human voice. It should 
be done by making the finger quiver over the 
note itself, and not by shaking the bellows. 

If the student forgets the place of any note, 
looking at the instrument itself is a bad habit. 
When the thumb is placed in a loop and the 
little finger in its rest, the second finger of the 
right hand should drop upon the red note, C, 
and the second finger of the left hand upon B. 
Those two notes are useful guides to the beginner 
in finding the others, but the best way of 
impressing their position on the memory is for 
the student to make a diagram of the four columns 
of keys for each hand, adding to them the 
names of the notes. If he has Hus diagram before 
him, he will see at once the position of any key. 


Accordion, Flageolet, and Concertina condvded 
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A LTHOUGH our forefathers are often credited 
^ with great skill in the production of fine 
cheese, we may take it for granted that, except 
perhaps in occasional instances, nothing was pro- 
duced in the past which can compare in quality 
with the finest cheese that is made to-day. This 
fact is owing to the formulation and compre- 
hension of principles. The reasons for the 
various operations are now known, and the 
maker is therefore placed in a position of control 
which enables him to conduct his work with 
much greater success and certainty. The object 
of the cheesemaker is to obtain a maximum 
quantity of cheese of high quality from a given 
quantity of milk ; but he cannot accomplish 
this, however extensive his practice, without 
recognising the principles involved. The pro- 
duction of good cheese depend ; upon the soil 
upon which the cattle feed, upon the quality of 
the milk, and the skill of the maker, especially 
in his control of temperature and acidity. 
Cows fed on soil rich in lime usually produce 
milk which contains a larger percentage of lime 
than is common in milk produced on other soils, 
for which reason the acidity of the milk is slightly 
delayed, while a variation in the temperature, 
of the quantity of rennet employed, and the 
work of manipulation are often necessary. 
Difficulties which arise owing to the richness or 
poorness of milk in mineral matter and fat 
are easily removed by those who have mastered 
the principles involved, but they present striking 
obstacles to those who have not. 

The Value of Rich Milk. To obtain fine 
cheese it is essential that the milk should be 
rich, a fact which has long been disputed, while 
quality also increases the yield. In the first 
place, then, rich milk produces a mellower 
cheese, for the reason that it contains more fat ; 
while next it adds considerably to the weight 
produced per gallon, for not only does an 
increased quantity of fat tell, but with that 
increase, as we shall see later, there is also an 
increased appropriation of the casein and of the 
water employed. It has been estimated on the 
basis of exhaustive experiments that for each 
pound of fat present in milk the yield of cheese is 
increased to the extent of 2*7 lb. At the great 
American trials at Chicago, which were attended 
by the writer, the Jersey herd produced in one 
month cheese which was worth £11 more than 
that produced by a similar number of Shorthorns, 
althou^ the latter breed is in England regarded 
as the best type of cow fin* cheese production. 

Pure Water. It is important that in 
the cheese dahy the water employed should be 
of the purest, and that the food supplied to the 
cattle, whether on the pasture or in the stall. 


should be absolutely free from anything likely 
to convey an undesirable flavour or odour to 
the milk. The cheese plant or equipment should 
be of the bcht modern construction, intended 
to facilitate the work and to present as little 
trouble and difficulty in cleaning as possible. 
On these points the intending cheesemaker may 
obtain many hints by paying a visit to the 
British Dairy Institute at Reading, the Midland 
Institute near Derby, or the Scottish Institute 
at Kilmarnock. 

Varieties. The principal varieties of cheese 
are set out in the table on the following page. 
Among minor varieties not referred to in 
the table are the Cotherstone (blue veined), 
the Slipcote (soft curd), the York (soft curd), 
the Caerphilly, the Dunlop cheei.e of Scotland, 
the Yorkshire cheese known as Liber ton, the 
Wilts loaf cheese of Cheddar type, the blue 
skimmed milk cheese of Dorset, and a variety 
of local curd cheeses which include the New 
Forest and the (^olwick. In France there are 
many varieties, apart from those mentioned, 
including the Coulommiers, which resembles the 
Camembert, the Mont d’Or, the Geromt's all of 
which are soft varieties ; and the Livarot, a 
strong -rmelling soft cheese made from skimmed 
milk. Germany, Denmark, Sweden, and other 
European countries, like America, have no special 
varieties of either pressed, blue, or soft cheese 
which are recognised upon the great markets 
of the world. 

The Action of Rennet. In beginning 
the process of cheese manufacture, it is essential 
first to coagulate the milk. In some cases the 
evening’s milk is kept until the morning, when 
the morning’s milk is added under conditions 
which will be subsequently referred to. The 
milk having been brought to the required 
temperature — usually in a jacketed vat — and 
its volume ascertained, the requisite quantity 
of rennet is measured, mixed with four times its 
volume of water, and stirred in the milk. Where 
the evening’s milk is kept until tlie morning, a 
slight amount of acidity will have developed, 
unless the temperature bo low. As acid possesses 
a power of coagulation, it assists the rennet, and 
allowance must therefore be made on this score. 
The action of the rennet largely depends upon 
heat, for the quantity of rennet required is in 
an inverse ratio to the temperature of the milk, 
while within undefined limits the time of coagu- 
lation is in an inverse ratio to the quantity of 
rennet used. Thus, theoretically speaking, if 
one part of rennet converts 10,000 parte of milk 
at 95° F. into ourd in forty minutes, it would 
coagulate one-tenth the quantity of milk in one 
tenth of the time, the same temperature being 
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THE PRINCIPAL VARIETIES OF CHEESE 

ENCl.AMl 


Temperature 

Time 


Oum position. I 

Cheese. 


oeeupied in 
eoaKUla- 









lidded. 

lioU 

Water. 

Casein, etc. 

Fat. 


Pe'ieeh F. 


Per cent. 

Per cent. 

Per rent. 

Cheddar 

84 

40-50 min. 

34 

30 

31 

Cheshire 

84 

60 „ 

37 

24 

29 

Leieester 

78-84 

90 „ 

33 

29 

29 

Stilton (i)liie veined) 

8{)-9() 

.60 „ 

30 

29 

1 35 

Weusleydule (blue veined) 
Glouce.ster (doulde). . 

84-88 

CO „ 

36 

2i 

27 

Derby 



31 

24 

1 35 

Cream cheeHe 



30 

6 

1 63 

1 TIIK (ONTINENT | 






Cheese 

Tfiiip Ta- 
line 

Coatfulatioii 

— 

— - - 

— 




Water. 

C/iHOiii, eti . 

Fat. 


l>ej;i eea F. 


Per eeut. 

Per cent 

Per cent. 

Gruyfjie (Fninec and 




31 

Switzerland) 

26 

30 mill. 

35 

31 

Cautal ( Kianee) 

Roquefort (Franee) (blue 

90 

00 „ 

44 

25 

S!4 

33 

veined) 

Port du Salut (France) 



31 

27 


(soft, sliphtly presHe(j) 

86 

30 „ 

2-4 hr. 



25 

Brie (France) (soft) 

82-86 

60 

17 

Camembert (France) (soft) 

80 

2 „ 

40 

29 

30 

Neufehatel (France) (blue) 
Pont d’Ev(j(iue (Frauci) 

90 

2-4 „ 

44 

15 

34 

(soft) 

Clervais (Fran •) (soft, 

88 

15 niiu. 




part cream) 

6.6 

8-12 hr. 

63 

12 

30 

Edam (round Dutch) 

84 

15 min. 

36 

24 

30 

(Jouda (Hat Dutch) . , 

98 

2'* „ 

22 

47 

25 

Parmesan (Italy) . . 
Gorgonzola (Italy) (blue 

77 

20-30 ,, 

31 

42 

19 

30 

veined) 

77-90 

15 „ 

44 

28 


observed. But we have to deal with proba- 
bilities. Thus, the larger volume of milk would 
retain its heat more perfoetly than the smaller 
volume, henee practi(‘e does not exactly corre- 
spond with theory. 

Coagulation. Milk is set at various 
temperatures, in a(;cordanee with the variety 
of cheese to bo made, as from 65° F. in small 
varieties made from a mixture of milk and 
cream, to 95° F., which is adopted in the manu- 
facture of some of the pressed varieties. . Rennet 
however, possesses very little activity below 
65° F. The time occupied in the coagulation of 
milk, then, depends upon the temperature of 
the milk and the quantity of rennet empJoyed. 
Thus, a small quantity of rennet prolongs the 
period, while a large quantity hastens it. These 
periods are further expanded in accordance with 
the. temperature of the milk. In making firm or 
pressed cheese, forty minutes to two hours are 
usually occupied ; but in making soft cheese, from 
two to fifty hours may be occupied. The higher 
the temperature, too, and the smaller the curd is 
cut, the more rapidly does it part with its whey ; 
while the lower the temperature, and the larger 
the curd is cut, the more slowly it drains. 
Although drainage is promoted by cutting the 
curd fine in the hard cheeses, such as Cheddar, 
Cheshire, Dutch, and Gruy^re, all are subse- 
quently pressed for the removal of the surplus 
whey or serum. Blue-veined cheeses, like Stilton 
and Gorgonzola, however, are not pressed, while 
the delicate varieties of soft cheese, like Caer- 
philly and Port du Salut, are pressed but 
slightly. 
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Cutting the Curd. The true 
soft cheeses, whether ripened or 
fresh, as Brie, Camembert, or 
York, part with their surplus whey 
by gravitation and evaporation ; 
and here heat plays an important 
part, for unless the dairy employed 
be sufficiently warm the serum is 
held by the curd and the cheese 
spoiled ; while if too warm the 
whey drains too freely, and the 
cheese becomes dry and inferior. 
The finer the curd is cut the larger 
the area of drainage. In the bt^st 
varieties the curd is cut into cubes 
by the aid of two many-bladed 
knives, one horizontal, the other 
vertical. The whey is therefore 
induced to exude from each face 
of each cube, thus forming as it 
were by contraction a toughened 
coat, which largely prevents the 
remainder of the whey leaving the 
curd. When heated, however, as 
it usually is within the large 
volume of whey which has 
already collected, this whey is in 
large part removed, for heat 
assists the process of drainage. 
In making soft cheese, the tender 
curd is handled as little as pos- 
sible ; such cheese contains more 
moisture than pressed cheese, and 
care is thus taken to prevent its loss. The 
presence of mo:e moisture in soft cheese means 
also the presence of more sugar, which is the 
chief cause of its more rapid fermentation. 
Where the temperature is too low, an e.'ccess 
of whey is retained in the curd, carbonic acid 
gas is formed, and the cheese swells and spoils. 
This especially appHes to Stilton and other 
unpressed varieties. 

The small cheesemaker often fails to produce 
high quality on account of the small volume of 
milk with which he has to deal. He is unable, 
unless very highly skilled, to maintain the heat 
necessary to perfect coagulation ; nor is he often 
assisted by a perfect dairy apartment, the 
temperature of which he is able to control. In 
making cheese on a large scale, it should be 
possible to maintain a temperature of 65'’ F., 
while in a small dairy the average temperature 
should scarcely be less than 70° F. 

Quantity of Rennet Required. Rich 
milk requires less rennet than poor milk, 
hence the importance of knowing the fat per 
centage. The quantity of rennet required and 
the time of coagulation vary with the tempera 
ture of the dairy, and therefore with the season 
and climate, which so largely control it. This, 
too, is the reason why more rennet is required in 
spring than in summer ? nd autumn. It is essen 
tial that rennet should be carefully kept, that 
its strength may be maintained, and that the 
same variety should always be employed — a 
standard rennet being that in which one part 
coagulates 1,000 parts of milk in a given 
time at a given temperature. It should be 
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remembered, howeTer, that as cows ^diich have 
caived in spring fall of! in their yield, their 
milk increases in quality, so that an altera- 
tion in the quantity of rennet employed may 
be necessary. Again, as lactic acid, which 
possesses the power of coagulation, forms more 
quickly in warm weather, there is a further 
influence which bears upon the quantity of 
rennet employed. 

How and When to RemoTe Curd. 

In cutting or removing curd from the cheese- 
vat or tub, great care must be taken. It must 
not be cut too soon or too late, or roughly 
handled. If the tube of a glass thermometer be 
dipped in the curd, small particles will adhere 
if it is unfit ; but if ready to cut and remove 
the tube will come out clean. If the curd has 
jmssed the proper period for cutting it will 
fracture, and whey will collect. As curd for 
pressed cheese is cut fine, as already remarked, 
that intended for unpressed and soft cheese, 
on the contrary, is removed in large layers or 
slices by the aid of hollow, plate-like metal 
skimmers. Dry curd, not the production of 
fine cutting, may be obtained, as in the manu- 
facture of Stilton, by slightly longer coagulation 
and by the removal of large slices of curd 
at the right moment into cloths laid in suit- 
able draining vessels [32], the cloths being 
subsequently tied from comer to corner, and 
tightened gently from time to time [33]. The 
temperature of the curd should exceed 70° F. 
If large pieces of curd are left after fine 
cutting, the presence of the whey within them 
will cause local fermentation, swelling, and 
damage. 

Avoidance of Skimmed Milk. Tlie 
employment of skimmed milk is fatal to both 
quality and quantity of cheese. In the manu- 
facture of Cheddar, 113 lb. of fat should be 
present per lb. of casein ; the proportion of fat, 
indeed, should never be below the proportion 


38. METHOD OF TIGHTENING STRAINING -CLOTH 
(From the Journal of the Royal Agricultural Society) 

of casein. There is, too, a greater loss of fat in 
the making where skimmed milk is used at all. 
If cream be added to new milk, the loss of fat 
is diminished, while the weight of the cheese is 
increased by more than flie weight of the 
increased solids added. 


Source of Rennet. The rennet em- 
ployed in cheese manufacture is an extract from 
the mucous membrane of the fourth stomach or 
“ veil ” of the milk-fed calf. No other material 
known to man can be employed for the same 
purpose in cheese production. Rennet is always 
reliable in action if pure and its strength main- 



32. STRAINING -CLOTHS CONTAINING CURD 
(From the JournAl of the Ro}ai Agricultural Soctetj; ) 


tained ; it not only coagulates milk, but it helps 
to ripen the cheese, and unless it be imperfectly 
made, as we have seen it in Italy, whore 
ma(‘erated pieces of the actual stomach of the 
calf are sometimes employed, it is never hurtful 
to cheese. Although occasionally made on the 
farm, rennet is now a standard product of com- 
mercial manufacture. It is sold in liquid, tablet, 
and powdered forms, the first-named being the 
most simple and reliable ; but its strength or 
quality varies in accordance with the make. 
The choesemaker having selected a variety, 
should adhere to it, or he may spoil a batch of 
cheese. The coagulating power of rennet is 
affected by soda and other alkalis. Below 
50° F. rennet produces no normal coagulation ; 
between 100° F. and 108° F. its action is 
quickest, while from 108' F. to 122' F. the period 
of coagulation increases, partially losing its 
influence at the latter temj)erature. If we use 
too much rennet for a given quantity of milk, 
or adopt too high a temperature, the resulting 
cheese is tough ; if we use too little, or adopt too 
low a temperature, the curd becomes too tender, 
the fat is lost, and the quality of the cheese 
diminished. The loss of fat is denoted by the 
whitish character of the vhey, which should be 
clear and of a greenish tint. 

Proportions of Rennet to be Used. 

It is important that rennet should be accurately 
measur^ and either the ounce or the cubic 
centimetre (c.c.) may be employed. The latter 
is almost imperative in making soft chee8e,but it 
is, under all circumstances, superior to the former. 
A measuring glass divided into himdredths 
should be used There are 1,000 c.c. to a 
litre (10 litres = 2*2 gallons), If we take 1 c.c. 
of a standard rennet, therefore, and add it to 
a litre of milk at a temperature of 96** F., it will 
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coagulate in four minutes — assuming that tlie 
temperature is maintained constant : similarly, 
10,000 c.c. (2*2 gallons) will coagulate in 
forty minutes. The principle involved in these 
figures should be especially recognised, but in all 
tests accuracy is impossible unless the tem- 
perature of the milk lx* controlled. If the time 
occupied in such a test bo five minutes, instead of 
four minutes, it is proof that the rennet is not of 
a standard quality, but that 1 c.c. is capable of 
coagulating only 800 c.c. of milk ; so that in 
practice if we emjiloy it in our work we should 
require not 1 c.c, per thousand, but 1 J c.c. 

Value of Acidity. Acidity is impera- 
tive in cheesemaking, for upon it depends 
not only flavour, but mellow or salvy consis- 
tence. Acidity develops more freely in curd 
than in whey, but iu practice it is whey that is 
tested. The proportion of acidity in the whey 
is now ascertained, and in the West of England 
experiments of Mt‘. Lloyd the best rt'sults w’ere 
obtained when they contained *22 per cent, of 
acid, as indicated by the particular method of 
testing vA’hich he employed. Excess of acid is 
fatal to quality in most varieties of cheese, but 
it is largely owing to deficiency that caus(‘s 
cheese made ui spring to be inferior t/O that 
made later, for acidity is dc\’^loped by heat. 

In the manufacture of pressed cheese, like 
Cheddar or (^heshire, acid is dev'doped by heating 
or “ scalding ” the curd and whey in the vat to 
a highiT t-emiierature. Where the curd is slowly 
form(‘d, the acid present is larger in quantity ; 
hence the excess of acid in tender curd which 
hold^ the whey longer than curd which is drier. 
In the manufacture of such a refined soft cheese 
as Camembert acidity is especially needed, as 
the moulds or fungi which are es^ntial in the 
rqiening process grow more freely upon the (‘rust. 
As the moisture of this cheese evaporates during 
maturation, the mycelium — a network which is 
comparable to tlu* tiny rootlets of a green or 
chlorophyll -containing plant — penetrates the 
curd and neutralises the acidity, with the result 
that the bacteria present are able to begin their 
work of decomposition, and the practical con- 
version of an insoluble to a soluble material. In 
curd which is drier than is necessary, there is 
less acidity because the sugar, the great medium 
thiough which it is prodiu ed, has largely escaped 
in the whey. 

Scalding. The Cheddar manufacturer pro- 
motes the development of acidity by the addition 
of sour whey to the milk ; but this plan is not 
essential during normal cheesemaking weather, 
or where the temperature of the dairy is under 
control. Acidity may be developed in the 
evening’s milk, and this development may be 
assisted it necessary by scalding the mass 
in the process of manufacture. In spring, or 
on any occasion when the temperature is 
abnormally low, sour whey may be necessary, 
even though scalding be resorted to ; but in all 
eases an allowance must be made for the increas- 
ing richness of the milk as the season advances. 

The success of cheese manufacture largely 
depends upon cleanliness and the consequent 


prevention of the introduction into the milk of 
foreign or destructive bacteria, which are not 
only the cause of ill flavour and bad texture, 
but of abnormal decomposition and decay. This 
is particularly noticeable in the production of 
Stilton. In the manufacture of Camembert 
cheese, for example, it is practically proved that 
three varieties of bacteria are essential to success, 
while their activity and perfection of the* cheese 
depend upon the presence of sufficient acidity. 

Blue Mould. Again, there are many 
varieties of cheese, chi'^fly those which are 
pressed but slightly or not pressed at all, upon 
or within which the successful growth of fungi 
is necessary, and we may especially refer to 
Camembert, Brie, Coulommiers, r,nd Neufchatel 
among soft cheeses, and to Stilton, Wcnsley- 
dale, Gorgonzola, and Roquefort among blue- 
veined cheeses, in which the blue mould, 
Penicillinm glaucum, plays a most important 
part. The spores or seeds of these parasitic 
plants are apparently present in the atmosphere 
of eveiy milk-room, whether perfectly clean or 
the reverse. They find the curd of milk a suit- 
able soil ; but their successful culture depends 
upon moisture, air, and sufficiency of heat. 
They are practically excluded from growth in 
pressed cheese by the pressure which is exerted, 
while in cheese like Stilton, which is composed of 
pieces of unpressed curd, betw^een which there 
is no real union, interstices are formed which 
(enve room for the development of the spores. 
Varieties of soft (‘hecse, such as those already 
mentioned, first develop a white, velvet -like 
fungus, which is followed by the blue, and in th(* 
Brie in particular by patches of a vermilion 
mould, believed to add to the piquancy of the 
flavour. 

How Fat Affects the Weight, With 
reference to the influence of the solids of milk 
on cheese production, it should be pointed out 
that, as the result of experimental work of a most 
extensive character conducted at the stations in 
the States of New York and Wisconsin, it was 
found that with every increase of one pound of 
fat there was an increase of *60 of casein and albu- 
men and of one pound of water. When rich milk 
was employed, the percentage of solids extracted 
from the milk in the process of cheesemaking was 
larger than when it was poor in quality. The 
fat lost when the richest milk was used wa« 
17 per cent., while it reached 49 per cent, when 
cheese was made from poor milk, the average 
being *29 per cent., or 6| per cent, of the total 
fat. The quantity of easein and albumen lost 
under similar conditions was equal, on the 
average, to 23*3 per cent, of the total. On the 
basis of the work of one year, too, it was found 
that the green or imripe cheese produced per 
100 lb. of milk was equivalent to the weight of the 
fat present in that milk multiplied by 2*75. 
Thus, if the milk contained 4 per cent, of fat, 
100 lb., or 10 gallons of milk, produced eleven 
pounds of cheese, while where the milk con- 
tained 3J per cent, of fat, which we may take 
as a fair average of the cows of our country, the 
cheese produced would reach 9 'Gib. 
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When cleared the soil is fertile, but without 
constant precaution it quickly relapses into 
the wild state. Deserted clearings in the 
tropical forest are overgrown by jungle in a sur- 
prisingly short time, and the excessive heat and 
moisture are demoralising to many temperate 
plants, which run riot in stem and leaf without 
maturing root and fruit. The influence on man 
is equally marked. The enervating climate is 
unfavourable to steady industry, and the reeking 
soil breeds many diseases. For these and other 
reasons tropical lands rarely develop high types 
of civilisation. 

In the Polar regions the long cold winters and 
the protracted darkness make agriculture im- 
possible. Man contrives to exist far beyond 
the northern limit of cereals, but he is stunted 
in body and his energies are absorbed in the 
struggle for existence. On the margin of the 
Polar region the long summer daylight permits 
almost continuous growth, and greatly reduces 
the period between germination and ripening. 
This gives the cen*a's a greater Poleward range 
than would otherwise be the ease. 

In the temperate lands the seasons are 
regular. The summers are not too hot or the 
winters too long and cold for cereals and other 
useful plants to survive. Thus there is a con- 
tinuity of effort which ensures progress. The 
inhabitants of the temperate lands are the 
most highly endowed physically and mentally, 
and have founded all the great civilisations of 
the world. 

Climate and Elevation. The relation 
between temperature and elevation has already 
been explained. A rise of 800 ft. above sea- 
level corresponds with r. ftill of 1° F. in tem- 
perature. Ciimate, as determined by latitude, is 
thus greatly modified by elevation. Temperate 
and Polar conditions may exist in tropical lands 
at a sufficient height. Elevation is sometimes 
advantageous, and sometimes the reverse. In 
the Andes many flourishing cities are found 
several thousand feet above sea-level. Here 
elevation acts beneficially, affording more favour- 
able conditions than the hot, unhealthy lowlands 
of the coast. The nearer we go to the equator 
the higher can human settlement be pushed ; 
the further we go from the equator the nearer 
sea-level must man make his home. In tropical 
lands the existence of highlands may increase 
the area suitable for settlement ; in temperate 
lands it almost inevitably contracts it. This 
is well seen in Prance, where the Central Plateau 
has a mere sprinkling of inhabitants though the 
sun’ounding lowlands are thickly peopled. 

Rainfall. The second climatic factor is 
the distribution of rainfall. Many fertile regions 
are uninhabited because they are rainless. Such 
areas are either remote from the sea, the ultimate 
source of rain, or in the lee of mountains, which 
intercept the rainy winds, or in the track of dry 
winds. Some of the drier regions are grass 
lands, but the most arid are deserts, except where 
irrigation is possible. Deserts, when irrigated, are 
often exceptionally fertile, because the chemical 
constituents from which plants build up their 
tissues have not been washed out of the soil 
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by rain. A typical area of this kind is the Great 
Basin of Utah, where irrigation, round Salt 
Lake City, has converted the desert into a 
garden. 

In some regions the rainfall is excessive. 
Even in our own country cereals do not do well 
in the wetter west. The wettest place in the 
world is the Khasi Hills of Assam, where over 
400 in. of rain fall annually. In such regions 
only very special forms of agriculture are possible. 

The Distribution of Rain. Kot less 
important than the total rainfall is the manner 
of its distribution over the year. In many dry 
regions a long drought is followed by torrential 
rains, which are wastefully expended in flooding 
the watercourses for a few hours, leaving them 
empty soon after. Regular distribution is 
necessary, as well as a sufficient total precipita- 
tion. . This may be either fairly uniform through- 
out the year, as in our own country, or uniform 
at certain seasons, as in the Mediterranean, 
where nearly all the rains fall in winter. In the 
latter case a different type of agriculture results. 
The evergreen trees of Southern Europe are 
fitted to resist the long drought of, summer. 
Tile dry autumns bring the vine and other fruits 
to perffietion, and count as one of the climatic 
advantages of the region. 

While the average distribution of rainfall has 
been worked out for the more settled parts of 
the world, it is liable to fluctuate from year 
to year. Some years are exceptionally wet, 
and others exceptionally dry, and these wet 
and dry years may ocjcur in short or long 
cycles. Exceptionally wet and dry seasons are 
both injurious to crops, and the former may 
cause floods, and consequent loss of life. Of 
the two, drought is generally the more dangerous 
to life, especially in the regions where the 
rainfall is at no time abundant. The failure 
of the monsoon in the drier parts of agricultural 
India means famine, in which the loss of life 
may amount to millions. In the agricultural 
regions of North America, where wheat is grown 
for export by a relatively thin population, it 
results all over the wheat-importing area in the 
rise of the price of food, and, consequently, of 
the price of labour and of commodities in general. 
In the pastoral lands of the New World and 
Australia it seldom results in the loss of human 
life, but millions of stock may perish. 

The Track of the Winds. The relation 
of rainfall to continental and oceanic climates 
has already been explained on page 300. The 
windward shores of islands and continents 
receive rain from moisture-laden winds which 
have crossed the ocean. These winds become 
drier as they pass inland, and have, therefore, 
less moisture to precipitate as rain. The interior 
of all continents is much drier than their mar- 
ginal areas. A typical continental climate is dry 
as well as extreme. A typical oceanic climate is 
humid as well as equable. [See maps, page 295. J 

The above results are due to the action 
of winds, which exercise great influence on 
climate. Our own islands lie in the track of the 
westerly winds, which blow strongly all the year 
round, but especially in winter. 'Die desert of 



Sahara Hes in the track of the dry trade winds. 
On a smaller scale, mat importance attaches to 
local winds. The ^ly land and sea breezes of 
seaside places are a familiar illustration. Many 
others might be found. The traveller in Italy 
dreads equally the tramontana from the Alps, and 
the sirocco from the desert. The mistral, or cold 
Alpine wind, of the Rheme valley prevents the 
cultivation of the orange and lemon, though 
these ripen in the neighbouring but sheltered 
Riviera. The chlnook winds of the western 
prairies of North America are warm winds, 
before which snow disappears as if by magic, 
enabling the farmer to begin operations much 
earlier than would otherwise be possible. Similar 
winds in the Swiss valleys are expressively called 
snow-eaters. Winds of the same type blow 
during harvest in New Zealand, and do great 
damage by shaking the grain from the full ear 
before it is cut. A spell of such winds may 
mean the ruin of the harvest. The cold winds 
from the Mongolian Plateau make the winters of 
Northern China very severe, and occasionally 
cause frosts at Shanghai. 

The Effect of Mountains. Elevation 
affects climate in other ways than merely by 
reducing the temperature. The position of the 
highlands helps to determine the rainfall of the 
regions on either side. When moisture -laden 
winds approach mountains they are deflected 
upwards, and, becoming cooled, drop part of their 
moisture as rain, passing on as drier winds. The 
windward slopes of mountains are therefore much 
wetter than the leeward. This difference is well 
illustrated in the western and eastern slopes of 
the Pennines of our own country. The south- 
west monsoon strikes the Western Ghats, which 
are very wet, while the Deccan peninsula above 
has a deficient rainfall. The same monsoon 
brings heavy rains to the southern slopes of the 
Himalayas, while the northern slopes towards 
Central Asia are arid. Desert areas are often 
found in the lee of mountains, as in the desert 
of Central Asia, or of Western North America. 

The advantages ot a mountainous region, 
though less obvious than the disadvantages, 
are not less real. Mountains are the great 
reservoirs from which rivers are fed. This 
is specially important in dry regions. In 
the drier parts of Asia the villages are in the 
mountain valleys, because there only is water 
abundant. When mountains are high enough 
for the formation of snowfields and glaciers, 
a permanent supply of water in the hot summer 
montlis is assur^. The glaciers of the Hindu 
Kush feed the Oxus, which brings life to the 
deserts of Russian Turkestan. The higher the 
mountain the steeper and swifter are the 
mountain streams, and the greater is the load of 
sediment they carry. Mountains are thus great 
soil factories, from which rivers obtain the raw 
materials out of which fertile lowlands are built 
up. The Abyssiniim Highlands have furnished 
the raw materials of Egypt, the Alps that of the 
plain of the Po, the HimalayaB that of the plains 
oi Bengal, ^e higher the mountains the 
more likely is it that extensive and fertile low- 
lands will be formed at their base. 
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Rivers rising high have swift currents, which 
make them useful as sources of power. The 
sluggi^ rivers of the English Midland are almost 
useless for this purpose, while iimumerable 
Alpine valleys obtain cheap electric power 
from the torrents that rush down Ihem, Such 
regions may develop flourishing industries, as 
in the valleys of the Jura or the Black Forest. 

The Treasures of the Mountain. The 
wet windward slopes of mountains are usually 
densely forested, and the timber is easily trans- 
ported by the streams. Equally valuable are 
the minerals in which most highlands abound. 
Mountains are formed by the crumpling up of 
the earth’s strata into folds. The upper strata 
are then gradually worn away and deep valleys 
cut by the action of weather, ice, or running 
water, so that the inner strata are exposed. 
This often brings valuable minerals to the surface. 
In the Pennines the layers younger than the 
coal measures have been worn away, exposing 
rich coalfields on both flanks. In Southern 
England, where the strata have not been folded 
and elevated in the same way, the coal measures 
are buried miles deep and cannot be worked. 
The silver mines of the Andes, the mineral 
wealth of the Rockies or the Urals illustrate 
the importance of minerals in highland regions. 
One of the most widely distributed useful 
minerals is building stone which, as in the case 
of the marbles of the Apennines, or Greece, 
may be valuable for its beauty. 

Mountains are often useful in keeping off 
hurtful winds. The open plains of North 
America, which stretch almost unbroken from 
the Arcti(5 Circle to the Gulf, ‘are often swept 
by icy Polar gales, and the orange groves of 
Florida may be ruined by frost. The French 
and Italian Riviera, on the other hand, are 
sheltered from cold north and east winds by 
the Alps and Apennines. Oranges and lemons 
ripen out of doors and the air is fragrant with 
flowers. To this fortunate situation is due the 
prosperity of the innumerable health resorts. 

The Influence of Slope. Slope deter- 
mines the direction of rivers and their commercial 
value. Those following the short slope tend 
to be short and swift, those 
of the long slope to be longer, 
slower, and better fitted for 
navigation. This is well seen 
in the Andes, from which no 
river of importance flows west 
into the Pacific, while the 
great Amazon flows east to 
the Atlantic. If mountains 
are centrally situated, great 
rivers may flow in many direc- 
tions. From the St. Gotthard Alps the Rhine 
flows to the North Sea, the Rhone to the 
Mediterranean and the Ticino to the Adriatic. 

Slope is important in another way. The 
diagram shows that on the slopes facing the 
sun the sun’s rays fall more nearly vertically 
than on the level, and consequently have a 
greater heating power. This explains why, in 
many parts of C^tral Europe, southern slopes 
of the hills are terraced with vineyards. In the 
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Southern Hemisphere the northern slopes are 
thus planted. 

The effect of slope on a large scale is seen in the 
contrast between valleys opening north and 
south. Every t’*aveller across the St. Gotthard 
notes the contrast between the valleys on the 
Swiss and Italian slopes. In the latter the snow 
line and tree line are much higher, and the 
chestnut, mulberry, olive and vine are cultivated 
to a considerable height. 

Finally, as we saw, highlands may be advan- 
tageous in tropical lands by lifting large areas 
above the unhealthy climate of the jilain. This 
is the case in South Africa, where only the 
lilghiands above the fever line, which reaches as 
high as 4,000 ft., can be inhabited by Europeans. 
A much greater range of products can also be 
cultivated. 

Mountains and Passes. The obstacles 
to communication presented by mountains are 
very obvious. To the physical labour of 
ascent, vliich narrow precipitous valleys, deep 
unfordable rivers and dangerous glaciers may 
render very great, arc added, in the case of 
the higher mountains, the sufferings due to 
intense cold, high winds, and the difficulty of 
breathing the highly rarefied air. Mountains 
fretpiently form a barrier between two countries, 
especially when the routes across them are 
difficult. They hinder commercial inU*rcourse 
by increasing the time and the cost of transport. 
The former consideration is so important that 
costly engineering works, such as tunnels 
through the Alps, ultimat/ely pay for thiunselves 
by the economy of time effected. 

The amount of resistance to communication 
offered by a mountain range depends on the 
height not of tht* peaks but ot the passes. It 
matters little how high the peaks on either side 
rise if the pass or depression between them be 
low. A second important point is whether a 
pass tan be founcl which enables the entire 
system to be crossed. Hence the importance 
of such Alpine passes as the St Gotthard and 
the Brenner. Other things being equal a rail- 
way will tend to take a route where a single 
pass only need be negotiated, as in the trans- 
continental line from the Argentine into Chile, 
where the narrowing Andes can be crossed by 
one pass, the Cumbre or Uspallata. 

The command of the passes means the control 
of the region. For this reason Switzerland 
fortifies the St. Gotthard, and Britain must retain 
the control of the Khaibar route from the plains 
of India into Afghanistan at any cost. 

Hardships among the Mountains. 
Highland regions are, except under exceptional 
conditions, thinly populated. The lower tem- 
.perature, and especially the longer and colder 
winter, are unfavourable to agriculture, and 
though paaturage may be good in summer the 
animals must generally be driven to lower, 
warmer valleys in winter. The heavy rainfall 
and the erosive force of the mountain streams 
rapidly denude the slopes of soil, so that for 
agriculture some form of terracing, always a 
most laborious process, is generally necessary. 
Every traveller in the Alps will remember the 
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tiny terraced gardens, banked up with stones, 
a pathetic witness to the hardship of the moun- 
taineer's life. The terraced olive yards of the 
Mediterranean represent centuries of unremitting 
labour. Perhaps the most striking example is 
seen in the high valleys opening to the upp^r 
Oxus or Indus, where bare mountains, stripped 
of soil, slope precipitously to raging torrents. 
After every flood the hill folk climb down to the 
confluence of the nearest side valley to gathcT 
up a basketful of soil, out of which they build 
up terraces of soil on the rocky hillside. In 
this way little villages win a hard subsistence' 
at great heights among the bleak mountains of 
(Vntral Asia. But the amount of laliour ex 
pended is evidently incommensurate with the 
lesult. and, though mountain dwellers are 
gene'rally strong and enduring, they remain a 
frugal people without those more complex needs 
which make for piogi’oss. 

This suggests another rt'ason for mountains 
acting as barriers. They are infertile and thinly 
jH'oiiled The Northern Highlands of England 
were thus, though not high, an effective barrier 
between Kngland and Scotland till population 
became di'risc on tlu' northern coalfields. 

The Influence of Rivers. Mountain 
and river arc almost correlative terms, and in 
considering the influence of mountains we have 
incidentally considered in part that of rivers 
Like that of mountains this influence is mixed, 
Horaetimes co-operating with man’s efforts, and 
sometimes thwarting tlu'ni. The importance 
of rivers as routes is obvious. A river is cease- 
lessly at w^ork broadening and levelling its 
valley [sec page 457] Many rivers offer a 
choice of routes, by water or by land Others, 
though not navigable, are practicable as valley* 
routes. Population tends to follow the river 
valleys, which arc the natural roads. * Hence, 
we find civilisation early developing in the river 
valleys of the Ganges, the Euphrates, the 
Nile, and so forth. 

The importance of the river as a route grows 
with the development ot means of communica- 
tion. Most of the great land routes of the world 
follow rivei*s, though the line has frequently to tie 
tilasted out of the sheer sid^s of the valley. 

RivCrs, however, hinder communication as 
well as acilitate it. Many side valleys open to 
the main valley, and the streams which fill them 
must be bridged or otherwise crossed. Some- 
times the character of the country makes this 
extremely difficult. The rivers may have cut 
deep canons far below the surface of the country, 
to which descent may be almost impossible. 
Here a bridge is the only practicable method of 
communication, and costly bridges are not 
built till the development of a country is far 
advanced. In the earlier stages such canons 
effectually hinder commimication, as in the 
drier parts of the Western United States. Or, 
again, a river may be so swollen by floods in 
summer as‘ to close a route which it opens in 
winter. This is the case on the great trade 
route from Leh to Yarkand in Central Asia. 
The winter route follows the Shyok Valley, but • 
in summer the river comes down in flood, making 



the valley impassable. The summer route has 
to go up many side valleys and across the 
passes which separate them. 

Rivera as Constructive A|;ents. Rivers 
are ceaselessly at work making new land [see 
page 458]. Tliis is sometimes advantageous to 
man and sometimes the reverse. It has given 
him some of the most fertile lands in the world, 
but it may undo his work, and make his task 
more difficult. 

In every flood a river spreads beyond its banks, 
leaving behind it when it retires a deposit of 
soil. Thus it gradually levels the land on either 
side, forming a flood plain. The soil of the flood 
plain becomes deep and fertile. The flood plain 
of the upper Rhine, between the Vosges and 
Black Forest, is one of the garden spots of 
Europe. On a larger scale t& same process 
builds up vast plains and deltas like those of the 
Rhino, the Po, or the Nile. 

Broadly viewed, therefore, the constructive 
work of rivers benefits man by creating new lands 
for his occupation. But immense loss and 
damage may bo caused in the process. The 
floods of the Hwang-ho constitute China's 
sorrow, and those of the Mississippi are almost 
equally destructive. Man may be forced to 
check the misdirected energy of such rivers by 
building embankments and otherwise restraining 
the tendency to flood. The forming of bars and 
the silting up of harbours are disadvantages 
which result from the constructive energy of rivers. 

The Newer Uses of Rivers. In other 
ways rivers exercise an important influence on 
the development of civilisation. Irrigation 
may lx* necessary, and the rivers of a countiy 
may or may not be suitable for the purpose. If 
they are, as in the case of the Ganges, the Nile, 
the Euphrates, and many others, agricultural 
prosperity is assured. If they are not, as in the 
case of the Spanish rivers, which are in deep 
gorges, the development of a country is hindered. 

Rivers may confer another advantage on a 
country by supplying power. The early manu- 
factures of the Tweed or Yorkshire Ouse pros- 
pered largely because there wen' rapid streams 
to turn the mills. The discovery of electric 
power has made the command of water power 
infinitely more valuable. Niagara Falls have 
long been harnessed in the service of man. The 
largest producer and transmitter of electric 
power in the Old World is the Falls of Oauveiy 
in Mysore, •with 93 miles of wire to the Kolar 
Goldfields, and 57 miles to the ele(’tric lights of 
Bangalore. The command of water power may 
occasionally make mountain regions important 
industrial centres, but it is usually where the 
river enters the lowlands, forming falls, that 
industrial centres develop. This is well seen in 
the chain of flourishing manufacturing towns 
along the Appalachian ‘^fall line.” 

Irrigation plays a great part in the deveh)p- 
ment of many countries. Rivers are not 
essential, for water may be collected in cisterns 
and tanks in the wet season, as in Southern 
India, or obtained by sinking wells to water- 
bearing strata, as in the Sahara, the Western 
United States, or Australia. But for irrigation 
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on a great scale rivers are necessary. The usual 
method is to dam the river, forming a head of 
water from which distributing canals can be fed. 
This method is applied with cempmcMia success 
to the Indus, the Ganges and the Nile. 

Plateaus and Plains. Plateaus have more 
or less of the disadvantages of all highland regions 
according to their elevation. Under certain 
circumstances they may be the most favoured 
part of a region. The plateaus of Switzerland, 
of Central Asia and the Andes are cases in point, 
though for a different reason. High plateaus 
are seldom fitted for agriculture, but tneir dry 
pastures often produce a fine quality of wool 
or hair. From that of the sheep and goats fed 
on the plateaus of Asia Minor and Persia arc 
made Turkey and Persian carpets, the finest and 
most durable in the world. Plains present great 
uniformity over considerable areas, and offer the 
minimum resistance to movement and com- 
munication. They may be swampy and low' 
lying, as in Holland, but this is met by drain- 
ing and dyking. The soil is fertile for the same 
reason that valley soil is fertile. Throughout the 
w'orld plains ai i' centres of population, and the 
site of all the important cities. When they are 
adjacent to good harbours their prosperity is 
still more marked. 

Soils. The character of the surface soil i.s 
important. Clay is stiff, compact and imper- 
vious to the free passage of air and water. 
It is therefore unsuited to agriculture. A sandy 
soil has the opposite defects, and is too loose' 
and porous. Fresh lava is absolutely unfertile : 
but, as its surface begins to weather, vegetation 
appears. When thorouglily disintegrated it is 
extremely fertile, owing to the presence of 
chemical substances. Thus, though the slopes 
of Vesuvius art' barren almost to the base, the 
surrounding district of (’ampania is extremely 
rich. In forest regions di'caying vegetable 
matter enriches the soil, forming humus or 
vegetable mould. The virgin soil of cleared 
forests is therefore vt'iy fertile, as in Siberia 
or North Ameri(*a. Alluvial soils are generally 
fertilt' after they have passed through the initial 
sw'ampy or waterlogged stagt'. We have already 
referred to the fertility of desert soils. Tht' 
loess region of Northern China is composed ot 
very fine soil carried by the w ind from the deserts 
of Central Asia. An extreme case is seen in th(' 
nitrate deserts of Chile, which, though barren of 
vegetation, yield an invaluable fertiliser. 

Certain soils aie specially adapted to certain 
crops. The Dcccan has its “ cotton soil.” and 
the Black Earth Lands of the Russian Empire 
grow' fine cereals. 

Indirectly, too, the character of the soil 
exei-cises considerable influence on the conditions 
of existence by its suitability or unsuitability 
for making hard-wearing roads. In a clay 
country the roads are impassable after rain, 
and impede communication. In the lower 
regions of China the roads become deeply sunk 
in the porous soil. 

The Land near the Sea. The prosperity 
of a marginal area depends partly on the charaetei 
of the coast, and partly on the character of the 
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back region, or hinderland. Good harbours are 
of little value where the hinderland is poor, and 
a rich hinderland may develop slowlv owing 
to the absence of harbours. With good narbours 
and a good hinderland a marginal area possesses 
superior advantages to an inland region. 
Most of the countries of Europe and of 
Eastern North America are in this favoured 
position. 

Coasts and Harbours. The different 
types of coasts have already been described. 
The presence or absence of cliffs, bays, gulfs, and 
estuaries opening to navigable rivers, the depth 
or shallo^vness of the seas off the coasts, the 
existence of sandbanks, reefs, or sunken rocks, 
and the presence or absence of islands, all affect 
the commercial development of a region. 

Where mountains rise immediately from the 
sea good harbours are rare. In the moun- 
tainous island of Capri, near Naples, there are 
only two possible landing-places at any time, 
and in stormy weather only one. On some 
mountainous coasts the sea has penetrated far 
inland up the river valleys, foim ng rias, fiords, 
and other inlets. The coasts of such fiords are 
generally fringed with islands, which form a 
natural break vater, as in the Skerry Guard 
of Norw'ay. The fiords are natural routes to 
the interior, and as such valuable, but in 
these regions the interior, or hinderland, is 
apt to be rugged and barren, neutralising 
this advantage to a great extent. Examples 
of fiord coasts with poor hinderlands are Norway, 
the West Coast of Scotland and British Columbia 
and of ria coasts in North-west Spain and South- 
west Ireland. All a’ong the Pacific coast of 
America good harbours are tew. The Atlantic 
coast of North America, on the other hand, has 
many good harbours in drowned river valleys 
which give access to a rich hinderland. The 
contrast bet v eon the prosjierity of the eastern 
and western coasts of North America is very 
instructive. 

Low, sandy shores arc also unfavourable to 
commerce. Such shores an' frequently beaten 
by dangerous surf, as on the coast of West 
Africa, or Western India, where special surf 
boats are used for landing. 

Seas and Oceans. The distribution of 
seas and oceans and their influence on climate 
have already been described. Europe is 
fortunate in possessing two inland seas, which 
penetrate far inland — the Baltic- North Sea in 
the north and the Mediterranean in the south. 
Both, but particularly the latter, have played 
a great part in the history of the' world by 
rendering communication easy. The early growth 
of civilisation and commerce all round the 
Mediterranean is a case in point. North 
America has somewhat similar advantages m 
what we mav call the St. Lawrence Sea in the 
north and tiic American Mediterranean in the 
south. Eastern Asia is well cut up by inland 
seas, but the other continents are very compact. 


Trade Winds. Wmds have already been 
described. In his struggle for existence man must 
take winds, currents and tides into account. 

Winds exeioise a great influence on naviga- 
tion. A vessel leaving Southampton for Cape 
Town is first in the region of the w^est winds and 
may have rough w^eather for a day or two, 
especially in “ the Bay.” Towards 30° N. 
it comes into a region of calms, out of which 
it passes south into the north-east trades, which 
blow^ steadily till the belt of calms round the 
equator is reached. South of these equatorial 
calms it enters the region of the south-east 
trades, and after passing through the calms of 
Capricorn perhaps experiences rough weather 
on nearing Cape Town in the region of the 
southern westerlies. These, it wull be remem- 
bered, blow much more fiercely in the Southern 
Hemisphere, giving the “ roaring forties ” an 
evil reputation, and making the voyage round 
Capf' Horn in particular an experience to be 
dreaded. Ships naturally go with the mnd 
so far as possible. A ship sailing west across 
the Atlantic steers a southerly course to get 
into the north-east trades, which originally 
guided Columbus to the New World. Returning 
eastwards to Li\erpool it steers further north, 
to get into the track of the west winds. The 
summer ana winter courses also aifler somew^hot, 
as the track of these winds varies with the 
season. A sailing vessel to Australia, similarly, 
finds it easiest to go by the Cape of Good Hope 
and return by Cape Horn. 

Currents and Tides. The influence of 
currents on climate has already been considered. 
I'he w^arm surface water of the Gulf Stream 
Drift keeps the ports of Britain and Norway 
ice-free in winter ; but the cold I^abrador current 
closes the St. Lawrence ports in wunter. In a less 
degree than winds, currents influence courses at 
sea. A vessel going with the equatorial current 
proceeds much more quickly than one going 
against it. 

Currents play another part, which beautifully 
illustrates the interdeiiendence of Nature. 
They often carry seeds, some of which may 
survive their long exposure to sea-w^ater and 
germinate. In this way the coconut palm 
early appears on coral islands, to which its seed 
has been carried by ocean currents. 

Tides in particular are of great assistance to 
shipping by carrying vessels up and dow’n 
estuaries into harbour. The high tides of 
Lonaon, w'hcre tw’o tidal crests meet, have con- 
tributed to its greatness as a port. Some 
harbours can only be entered at high tide. 

Ice. The value of a sea is much lessened if 
it is ice-bound in winter. The ports of the 
Baltic and the northern Black Sea are of less 
importance than the ports of the North Sea 
and the Mediterranean, which arc ice-free. The 
summer course of Atlantic liners is affected by 
the presence of icebergs, w^hich are then drifting 
south from the Polar regions. 


Continued 
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By W. S. MURPHY 


Preparation. Cotton, wool, and silk in 
the order named are the fibres most frequently 
dealt with by the textile printer. Cotton and 
wool are printed not only in the piece but as 
yam to produce variegated effects in cloth, 
and woollen slubbing is also printed. The pre- 
paratory processes do not diifer greatly from 
those which precede dyeing, and may be studied 
in the Dyeing section of our course. Silk is 
well scoured, calico ordinarily is bleached, not 
only to avoid interference with the brilliance of 
the colours, but to give good vhites when these 
form part of the pattern. The textile printer is 
contented, however, with a less perfect bleach 
than the “ market bleach ” given to goods 
intended to be sold in the white state. Wool is 
chlorinated — that is, treated with a weak solu- 
tion of bleaching powder or of a hypochlorite. 
This greatly reduces the felting power of the 
wool, and makes the fibre more easily penet- 
rable by liquid. 

Block, or Hand Printing. It need 
hardly be said that block printing was the first 
method practised in this trade. The logical 
progress of textile printing, in fact, has been 
that of typography, from hand printing to 
machine printing on the flat, and from that to 
lotary printing. Block printing is still largely 
used for silk, and it is comparatively recently that 
machine printing has been adapted to the treat- 
ment of this fibre. 

Blocks. The blocks are usually made of pear- 
tree wood or some other hard timber, and are of 
eonsiderable thickness. On the face of the block 
the design is cut out in relief or formed by copper 
wire. When the design is a simple repetition 
of a pattern, it is usual to make the block large 
enough to contain the whole pattern. If the 
design be large and ooniplieated, it may be divided 
into sections, each block carrying a section, and 
the whole making a set. Designs of two or more 
colours require as many blocks as there are 
colours, unless, as often happens, the combina- 
tion of two colours produce a third. Many 
designs printed on heavy cloths, sueli as felt 
carpets, are vari-coloured in such a w ay that each 
colour stands out separate from its fellow'. The 
printer’s colour is a kind of paste. In old- 
fashionod works the paste is laid on to the block 
with a palette knife ; but other and better 
means are now generally used. A woollen cloth 
is stretched tightly over a hoop, and upon it the 
colour is spread. To give the surface of the 
sievCy as it is named, more elasticity, it is floated 
on paste or size in a tub. On this sieve the 
block is pressed, and receives its coat of colour. 
The appliance for vari-coloured blocks to which 
we have referred, consists of a wooden block. 


hollowed out in parts the same size arid position 
at the pattern of the printing block. Into 
these hoUows the different colours are laid, and 
the woollen cloth stretched over all. Between each 
colour compartment pieces of thick cord are glued, 
to prevent one colour from running into another 
on the cloth. When the printer presses his block 
on the cloth, the different colours come into place. 

The Table. A textile printer’s table must 
be very smooth and true. The bed of the table 
is generally made up of slate slabs. At each end 
of the table strong brackets are fixed, and upon 
the one is slung the cloth beam, while on the 
other the taking-on beam is hung. 

Printing. The printer draws a length ol 
the cloth on to the table, and carefully smooths 
it down to the bed, till not a vestige of WTinkle 
remains. Having charged his block w'ith colour, 
he lays it face downward on the cloth, and gives 
it a tap with his hand, or in the case of large 
patterns, with a mallet. After a moment, the 
block is lifted, and a clear impression of the 
pattern is left on the cloth. No matter what the 
character or length of the design may be, the 
printing action is the same. Block printing is 
merely a repetition of these simple actions in 
perfect register. 

Machine Printing. For the present, we 
defer examining the further treatment of hand- 
printed goods, because the finishing operations of 
all printed cloths are the same, whether printed 
by machine or hand blocks. Confining ourselves 
to the means and methods of putting on the 
impressions meanwhile, w'c note that textile 
printing machines are divided into two classes 
The one class is the block printing machines, and 
the other is the cylinder printing machines. 

The Flat Press. The first step towards 
the introduction of machinery was an English 
invention that imitated copper-plato printing, 
calico being substituted for paper. It was prac- 
tically confined to one-colour printing, and we 
believe that this method is no longer practised. 

The Perrotine. A block printing ma- 
chine, capable of w orking in three colours, was 
the next step. It is very largely used in Alsace 
and Belgium. This machine has never made 
much headway with British printers, though 
some of the highest-class houses use it alongside 
the cylinder machines. The perrotine is a very 
intricate piece of mechanism, and requires very 
careful and detailed study. 

The machine is contained within a strong 
framew'ork, semicircular in form, the fore end of 
the circle being continued in a curved line up, 
to hold the rollers which carry the blanket and 
cloth to bo printed. The simpl^t'perrotinc prints 
three colours, and therefore has three blocks, 
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throe printing tables, and three sets of colour 
rollers, with apparatus for colour supply. This, 
to begin with, suggests complexity. Our atten- 
tion should first be directed to the printing 
blocks and their accessories. The machine has 
three equal arms joining at the centre, and there- 
fore at right angles to each other. On all these 
arms we find a block holder into which the 
engraved block is fixed. Each holder is screwed 
on to a sliding piece keyed to a pair of 
beams moved alternately backward and 
forward by shafts supported on the main 
arm. The three blocks are thus given a 
to-and-fro motion, forward to print the 
cloth, and back to let it pass. Having 
found our blocks, we have next to find out 
how they are supplied with coats of colour. 

At the side of each arm, supported on 
levers, are three colour-boxes, furnished 
with rollers. One roller revolves in the 
colour-box and one runs in contact with 
but above its fellow, taking on a supply 
of colour from it. Screws regulate the 
relations of the rollers, bringing them into 
close contact when much colour is desired, 
and separating them if the colour supply 
should be li^ht. Neither roller, however, 
ever touches the printing block. The 
medium between block and colour roller is 
a sieve ingeniously controlled by rods ex- 
tending from a lever beam. The sie ve is on 
the end o'* the rod, and the timing of its act.oi 
shows fine adjustment. 

We have been working from the outside into 
the machine, and now we are at the very 
centre. Here is the tabic upon which the block 
impresses the cloth. There are, of course, three 
tables. For th^ sake of simplicity Ave have con- 
fined attention to one set of appliances ; but 
the tables cannot be appreciated unless the three 
are seen. Three iron bars of equal size are 
joined at right angles to each other, and on the 
heads of the bars sit the smooth tables. The 
whole three are cast as one piece, but we separate 
them to undtT^tand the real character of each. 
A table faces every block. At the four comers 
of the table frame sit four rollers. The tables, 
being flat, have no power to act on the 
cloth ; but these rollers carry the cloth to be 
printed over the tables, their surfaces being 
covered with little teeth to hold on to the 
fabric. Next, above the first of the rollers we 
find a large roller upon which the blanket, back 
cloth, and pieces to be printed join together. 
Up above and near to the front part of the 
machine are sets of tension rollers and carrying 
blocks. Outside of all sit the beams from Avhich 
come the three fabrics mentioned. 

WorKing the Perrotine. Wound on to a 
suitable roller, the cloth is hung on the brackets 
in front of the machine. Up above, the end- 
less blanket and the back cloth are similarly 
adjusted. Into the colour-boxes the printer lays 
his colours, adjusts the screws which regulate 
the supply, and puts the doctor knives over 
the colour rollers to clear off superfluous pigment 
before the sieves come into contact. The blocks 
are firmly screwed into the holders. On the end 
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of the piece a few yards of rough cloth are joined 
and this is drawn into the machine. When 
everything has been put into position, the perro- 
tine is started. Blanket, back cloth, and printing 
piece pass in on their separate ways, and join 
at the central roller above the table rollers. As 
the three fabrics come together the blanket is 
uppermost, but when going round this roller 
the positions become reversed, and the piece 



cloth is uppermost when they pass on to the 
first table roller. Thrust in by the lever - 
controlled rod, the sieve has taken its coating from 
the colour roller and transferred it on to the 
block coming forward. Table and block now 
press in contact, with the cloths between them. 
The first colour has been printed. The cloths 
next pass round the second corner rollers, and 
the machine again prints. A third time the 
operation is performed, and then the piece cloth 
returns to the outer world a printed cloth, to 
pass on to the drying rollers. 

Improvements. The original perrotine 
has been greatly modified and improved during 
the past twenty year-j. But the principles on 
which it works are unaltered, and we have 
purposely selected the first form of the machine 
Wcause it exhibits, even more clearly than the 
later developments, the essential characteristics 
of a block printing machine. Improvements 
have chiefly taken the direction of adding to the 
number of colours which can be perfected at 
once on the machine. Some of the newer 
perrotines print twelve colours at once with 
great speed, and twenty colours are pccasionally 
obtained in one printing. The English block 
printing machine, which is illustrated [203], 
gives a good idea of the size and character of 
that class of machines, 

Cylinder Machines. The idea of de- 
vising a roller to perform the same service as a 
flat surface has been at the root of many of our 
finest mechanical inventions. Application of 
that principle to textile printing has gone to great 
lengths. Cylinder printing machines for textiles 
were invented by Bell, a Scotchman, in 1785. 

Single Cylinder. This is a simple 
structure. In the middle of the machine is the 
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wide cylinder, called the - pressure cylinder or 
bowl. "Under it we see the pattern roller, with 
slanting knives at each side of it. Further below 
sits the colour roller in the colour trough. 
Note these parts a little more closely. The 
roller in the colour trough is clad with soft, 
thick woollen cloth, which enables it to take up 
the colour. The pattern roller runs in direct 
contact with the colour roller, and thus receives 
the necessary supply of colour. The knife at. 
the inner side of the pattern roller is called 
the colour doctoVy because it clears away all 
the superfluous colour ; the knife at the other 
side is named the lint doctor, its function being 
to take away any threads which may have been 
deposited by the cloth on the pattern roller in 
passing. Made of cast iron, the large pressure 
cylinder is heavily clad with smooth felt to give 
a finely smooth and clastic surface. The cloth 
apparatus is equally simple. Up on the front 
of the machine the cloth beam is hung ; adjoining 
hangs the blanket roller, and underneath sits 
the guide roller which joins them. Cloth and 
blanket go down round the pressure cylinder 
into contact with the pattern roller, and round 
up to the delivery rollers on the other side. 

The vast saving of labour and the greatly 
accelerated production effected by the adoption 
of the cylinder principle is here worthy of note. 
Thousands of yards of cloth can be printed on 
this machine in a day. 

Three-colour Machine. Progress from 
the single-colour machine to the three-colour 
printing was easy to our ingenious mechanics. 
Wc say ingenious because some difficult prob- 
lems are involved. The idea of placing patt-ern 
rollcis, with doctors and colour apparatus, 
on the sides of the pressure cylinder was obvious ; 



209. DOUBLE CYLINDER PRINTING MACHINE 
(Mather A Platt, Ltd., Manchester) 


but the problem of driving these appliances 
could hardly be described very simple. More- 
over, there remained the question of distributing 
the pressure on the added rollers. These 
difficulties have been met in various ways by 
different inventors. The simplest and most 
obvious method — namely, that of strengthening 
and enlarging the framing, and giving the second 
and third roller the same gearing as the first, 
has been adopted in many machines with success. 
In other machines the principles of the perrotine 
have been adopted. 

Printing Many Colours. Every colour 
must have its own separate pattern roller, knife 
doctors, and colour-boxes with rollers. To 
group these round the pressure cylinder in 
proper positions has been the work of the 
machinist. How this has been accomplished we 
see most clearly in a machine design^ to print 
four colours. The pressure cylinder is 6 ft. in 
circumference, and sits in the centre of the 
machine. The gudgeons of the cylinder rest 
on bushes, which can be moved up or down in 
slots in the side cheeks, strong screws from the 
top of the frame fixing them in position. 
Round the cylinder are grouped four mandrels, 
slotted, and fixed in strong bearings on slide 
pieces. On to these mandrils the engraved 
pattern rollers are forced by means of a screw’ 
press. By this arrangement the changes of 
pattern and colour can be effected by merely 
changing the pattern roller, ('olour-box, roller, 
and doctors arc contained wdthin the slide piece, 
scoured to the framing by means of a double 
screw. A pair of arms, jointed to the inner 
screw of the slide pieces and strengthened by 
bolts from the machine frame, bring forward the 
pattern rollers to the pressure cylinder. The 
mechanism of all four rollers — each with 
its equipment of colour-box, colour roller, 
doctors, and controlling lexers — is practi- 
cally similar. From the head of the 
franu* two long arras curve out, and 
between these rests the cloth beam ; while 
from bt‘am^ more directly over the pressure 
cylmder come the blanket and back cloth. 
The cloths meet on a roller just above the 
cylinder, and come down into the ma- 
chine. A double cylinder machine [209] 
prints txxice the number of colours on tlic 
sanie pi iiiciple. 

Mordants and Dyestuffs. Tliese 
will be (’onsidered in detail in the Dye- 
ing section of this course. It is rathei 
th(‘ methods of application that vary in 
dyeing and printing than the mordants 
and dyestuffs employed, although some 
dyes aie more suitalile for dyeing than 
printing, and vice versa. Both soluble dyes 
and insoluble colours (pigments) can lx* 
used in printing. The pigments arc usually 
coloured minerals in line pow^der — ultra- 
marine, for instance — and are mechani- 
cally fixed on the cloth with albumen. 
The natural colouring matters, especially 
logwood and indigo, are largely used, and 
any class of artificial dyestuff may fie 
employed. As, however, in printing, the 
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fibre is riot dyed so thoroughly, and as the 
first necessity of prints is fastness to light, the 
mordant colours — ^the alizarines, for instance — are 
more largely employed than the colours which 
require no mordant. 

Styles of WorR. The printer can ring 
an enormous number of changes in his methods 
of doing things, and he can combine dyeing very 
effectively with printing. For instance, everyone 
is familiar with the old pattern of indigo blue 
scarf with round white spots. This was produced 
by printing a resist or reserve paste on the cloth 
and then dyeing it in the indigo vat. The places 
covered by the resist were protected from the 
action of the vat and consequently remained 
white. Or the printer may reverse this process ; 
he may dye the cloth first and print on a dis- 
charge This has the same effect of leaving a 
white pattern on a coloured ground, and, by 
adding to the discharge colouring matters not 
acted upon by the chemical agent that de8tro3rs 
the body colour of the cloth, he can produce a 
colour discharge — that is to say, for instance, 
red upon a blue ground. Again, as in one of the 
oldest styles, known as the dyed or madder style, 
he may print a mordant on to the cloth, dyeing 
the cloth subsequently with a colouring matter 
which will not go on to the fibre except in the 
parts impregnate with the mordant. The result 
is a pattern on a white ground. The term “ mad- 
der style ” is used because this method was em- 
ployed for madder long before the introduction 
of the artificial colouring matters. Now madder 
has gone entirely out of use — in calico printing, 
at any rate — and alizarine reigns in its stead ; 
but this style is still employed for alizarines and 
other colouring matters. Again, the printer may 
print the colour paste on to the mordanted cloth, 
or the mordant may form a part of the printing 
colour. As it is evidf^nt that the printer may 
combine these and other styles, it will be seen 
that he has an. armoury of resources. 

Padding. The large firms of indigo dyers 
were all printers to the extent of producing 
patterns on their goods by means of printed 
reserves in the manner we have instanced. The 
printer, however, is frequently content with a 
speedier form of dyeing known as 'padding. The 
fibre is not so thoroughly impregnated as in 
vat or beck dying, but the method is practically 
confined to calico, and for this material it is 
advantageous. It will be readily understood 
that the smaller amount of colour, or lesser 
impregnation of the fibre, allows better discharge 
effects to be obtained. In other words, it is 
easier to get good sharply outlined patterns by 
printing a discharge, whether white or coloureci, 
on padded than on dyed material, and this 
applies even more particularly to slop padding, 
which will be touched on later. 

The Padding Machine. This is a very 
simple apparatus. It consists essentially of a 
rather small vessel in which a concentrated 
folution of the mordant or dyestuff is contained, 
guide rollers within the vessel, by means of which 
the cloth is run through the liquor, and squeezing 
rollers directly over dye bath, by which the 


surplus liquor is squeezed out into the djre bath. 
Attached to the frame of the' machine are 
rollers to receive and deliver the cloth. The 
necessary concentration of the bath for this 
rapid form of dyeing must be noted. It empha- 
sises the fact that in apparatus dyeing generally, 
where short baths have to be used, me dyestuff 
must be very soluble. 

Slop Padding. When the colour is 
applied uniformly to one side of the cloth only, 
the process is termed slop padding. This is used 
principally for light, easily discharged shades. 
A single-colour printing machine is ordinarily 
employed. The printing roller is plain — that is, 
no pattern is engraved upon it, but the surfaee 
is grooved with fine lines in order to take up 
the colour. A felt-covered wooden roller, 
revolving in the concentrated dye bath, in touch 
with the printing roller, transfers the colour or 
mordant to this latter. Over the printing roller, 
and in touch with it, is a large iron roller, which 
brings the cloth into contact with the printing 
roller. The printing roller is provided with the 
usual colour-doctor, and in order to give an 
clastic print'ng surface, a thick band of felt, 
loiown as the blanket, revolves in an endless band 
between the iron roller and the cloth. As a rule, 
there is a hmk cloth between the cloth and the 
blanket to prevent the felt from being soiled. 

Machine Printing. It must be noted 
here that although the mechanical arrangement 
of a machine to print a large number of colours 
makes it appear complicated, an eighteen -colour 
machine is merely a multiplication of the essential 
parts of the one-colour machine described above.. 
Whether it be for cotton, woollen, or silk, the 
actual apparatus is a copper roller engraved in 
lines or dots, with a pattern, one printing roller 
being provided for each colour. The main 
difficulty is to make the colours register properly 
— that is, to fall into their proper position in the 
pattern, and thip, of course, increases in propor- 
tion to the number of colours in the pattern. 
Each roller must be in its correct position on the 
mandrels, and all the rollers must be correct in 
relation one with the other. The edge of the 
doctor must be perfectly level, and press evenly 
against the whole length of the roller. Many 
other difficulties crop up, but each suggests its 
appropriate remedy. 

Printing Woollen - slubbing and 
Cotton Yarn. Unspun wool in the form 
of slubbing is printed with stripes in order to 
produce fancy yarns, and cotton yams, usually 
in the form of warps, are printed in order 
to produce variegated cloths. The printing 
machine already described is used with a number 
of rollers corresponding to the required number 
of colours. As a rule, the printing roller is simply 
grooved, in order to print the yam in stripes. 
The doctor is arranged so that it clears off all the 
colour, except that in the grooves, before the 
printing roller comes into contact with the stuff. 
Especially for slubbing, the blanket must be 
softer than usual, in order to allow the stuff to 
be pressed into the groove, and so to take up 
the colour. 
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ITALIAN By Francesco de Feo 


INTRANSITIVE VERBS 

When the action or fact expressed by the 
verb is completed without an object (I walk, to 
cammino ; I sleep, to dormo) the verb is intransi- 
tive. Intransitive verbs, as a rule, are conjugated 
with the auxiliary hsere (Example : £ accaduto, it. 
has happened) ; but some are conjugated with 
avere (Example : ho viaggiojto, I have travelled), 
or admit both auxiliaries (Example : sonn 
vissulo or ho vissuto, I have lived). 

The only rule that can be given as to which 
auxiliary should be used is that the verbs ex- 
pressing an action are conjugated with avhe^ 
and those expressing a fact with hsere. Ex- 
ceptions to this rule arc to be learnt by practice. 

Exercise XXXV. 

1. Quando sono entrato essi erano giA partiti. 

2. Sono contento che siate riuscito in quest© 
affare. • 3. Lo spettacolo e durato pih di due ore. 
4. Son caduto e mi son fatto male. 5, Non ho 
sonno ; ho dormito tutto il giorno. 6. Aspetto 
mio fratello ; doveva venire col treno delle 
sette, e mi maraviglio che non sia ancora 
arrivato. 7. Se foste venuto dieci minuti prima 
vi sareste ineontrato col signor N. 8. Una nave 
da gucrra d affondata ncl Baltic©. 9. Una 
torpediniera giapponcse ha affondato due navi 
russe. 10. Ho girato tutto il giorno hcnza 
conchiuder nicnto. 

DEMONSTRATIVE PRONOUNS 

The demonstrative pronouns arc : 
questi (koo-ehstee), this one 
quegli (koo-eh-Hee), that one 
rostui (costod-ee), this one (here) 
costei (costeh-ee)^ this one (here) 
colui (colod-ee), that one (there) 
colei (coUh-ee), that one (there) 
i.in tale {oon-tdhleh), such a one 
cid (rhee-d), that 

ne (neh)y of it, of him, of them, etc. 
ci (chee)^ in it, on it, with it, etc. 

1. Questi and quegli are singular, and are only 
used in speaking of persons ; but modern usage 
prefers the demonstrative adjectives questo and 
quello used substantively. 

2. Costui, costei (plural costoro^ for both 
genders), and colui, colei (plural coloro, for both 
genders) are used only in speaking of persons, 
and in familiar language nearly always imply a 
shade of contempt. Examples : lo non tni fido 
di colui, I do not trust that man (the fellow). 
Non prestale danaro a costoro. Do not lend money 
to these men. 

3. Colui che, colei che, coloro che, quelli che, 
colui il quale, etc., are rendered in English by he 
who, she who, they who. 


4. Cid is singular and means this thing.” Ne 
and ci may be considered as demonstrative pro- 
nouns, as in many expressions they take the 
place of cid. Examples : Non ne (di cid) capisco 
niente, I understand nothing of that. Che ne 
pensi ? (che pensi di cid ?), What do you think 
of that ? Non ci riesco (non riesco in cid), I 
do not succeed in doing that. 

Note. The student acquainted with French 
should compare the use of en and y. 

Exercise XXXVI. 

1. Metteteli da parte ; ce ne serviremo quando 
ne avremo bisogno. 2. Cio non sta bene. 3. 
Co.stui e tanto pieno di se, che pare che tutto 
il mondo gli appartenga. 4. Questi ^ uno scrit* 
tore di gran merito, quegli un poeta genialissimo. 
o. Non oso parlare apertamente, perch^ temo di 
essere malinteso da questi e combattuto da quelli. 
(). Voi non sapete quello che dite. 7. Non so 
come andranno a finirc le cose, per me non ci 
vedo chiaro in questa faccenda. 8. Ecco due 
bottiglic abbastanza grandi, in questa ci met- 
teremo il vino, in quella Tacqua. 9. Non mi 
parlate di coloro, essi non meritano pih di 
essere aiiitati. 10. Ludovico mirava piuttosto 
a scansare i colpi e a disarmare il nemico, che ad 
ucciderlo, ma questo voleva la morto di lui ad 
ogui costo (m ). 11. Colei parla solo per invidia, 6 

meglio non ascoltarla. 12. Quelli che gridano di 
piu Iianno sempre r^igiono a (]uosto mondo. 
1.3. Il premio ‘<ara date a quello che Tavrk 
nu‘i itato. 

IRREGULAR VERBS 
Second Conjugation 

Verbs in ere (long) — continued 

Dolere, to ache 

Jiid. Pres. — Dnhjo^ duojt, duole, dogliamo, 
d oleic, ddlgono. 

Past Dej. — Dohi, dolesfi, dohsc, dolemmo, 
doleste, ddlsero. 

Future. — f)orrd, dorrai, dorrd. dorremo, etc. 

Impernt. — I)uoli, dolga, dogHaitio., dolete, ddl- 
gano. 

Suhj. Pre.s. — Dolga, t‘tc. ; dojUamo, dogliale 
ddlqauo. 

('audit. — Doirei, dnnesti, dorrehhe, etc. 

Pa st Pa rt . — Dol ufo. 

Parere, to seem 

hid. Pres. — Paio, pari, pare, paiamo, parete, 
pa ion o. 

Past Def. — Parvi, parcsti, parve, paremmo, par- 
este, pdrvero. 

Future. — Parrd, parrai, parrd, etc. 

Imperat. — Pari, paia, jxiiamo, parete, pdiano, 

iSuhj, Pres. — Paia, etc . ; paiamo, paiate, pdiano. 
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Condit. — Parrei^ 'parreati, etc. 

PaM Part. — Par so. 

This verb is mostly used impersonaUy : 
m» pare, mi parve, mi i parao, etc. 

Solere, to be accustomed 

Ind. Pres. — Sdglio, auoli, suole, sogliatm, solete, 
adglioru). 

Imperf. — Solevo, solevi, etc. 

Past Def. — Solei, solesti, etc. 

Subj. Pres. — Soglia, etc ; sogliamo. sogllate, 
sdglvano. 

Svhj. Imperf. — Solessi, etc. 

Past Part. — Sdlito. 

This verb is very little used, except in the 
past participle {sdlito), which is very common. 
The expression esser sdlito is used instead. 

Avere, to have 

See pages 2193, 2484. 

Cal ere, to care for, to matter 

This verb has only the 3rd persons. 

Ind. Pres. — Cole. 

Past Def. — Calse. 

Svbj. Pres. — Cdglia. 

Cap ere, to hold 

This verb is obsolete ; the verb capire is 
used instead. But the forms cape and capa 
take the place of capisce and capisca. 

Note. Besides the verbs given above, there 
are only two other verbs in ere (long) — viz., 
ternere, to fear, and godere, to enjoy, both of 
which are regular. 

Exercise XXXVII. 

1. Godo di vedere che sta bene. 2. Non mi 
rioordo di lei, ma mi p^re di avcrla veduta in 
qualcho posto. 3. Ebbi il piacere di conoscerla 
a Homa due anni fa. 4. In campagna siamo 
soliti di fare una lunga passeggiata prima di 
colazione. 5. Non temete di niente, pensero 
io al vostro avvenire. 6. Mi duole di dovervi 
parlare in questo modo. 7. Mi duole la testa ; 
sara meglio ch'io rimanga in casa. 8. Mi era 
parso che avessero suonato il campanello. 9. 
Finora si e fatto sempre come avete voluto voi, 
ora mi pare che ancho voi possiate fare come 
\ogliamo noi. 

INDEFINITE PRONOUNS 

The indefinite pronouns are : 
altri (dhltree), somebody else, any other man, 
altrui {altrod-ee), of others, to others, 
niente, nulla (nee^ehnleh, nodllah), nothing, and 
the compounds of the adjective uno used 
as a substantive : 
ognuno (onee-odno), every one. 
quale lino, qualcheduno {koo-dhlkodno, koo-dhl- 
keh^dodno), some one. 
certuno (chehr-todno), a certain person. 

1. Altri is singular and is used of persons 
alone : Ldscia che altri parli di questo, Let some- 
one else speak of this. 

2. AUrui is never used as subject, and means 
only (1) di altri (other people’s), as we have 
already seen when speaking of the possessive 
adjectives, and (2) ad altri (to other people). 
Example: Non tenire per te quello che i dhvuto 
altrui, Do not keep for thyself what is due to 
others. 
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3. Niente and nulla are real substantives : 
niente per nierUe, nothing for nothing ; il nuUa, 
nothing. 

4. We may consider such expressions as the fol- 
lowing to be indefinite pronouns : Dio aa che, God 
knows what. Chi aa M, Who knows who, etc. 

Note. When niente, nulla, and the negative 
adjectives nesauno, niuno, etc., come after the 
verb, the verb must be preceded by the negative 
non ; but when they are placed before the verb 
the non is not employed. Example ; Non e'era 
nesauno or nesauno era Id, No one was there. 

Exercise XXXVIII. 

1. Quel pover’ uomo ha dovuto m^ttere 
insieme una bella sommetta, perch^ omuno 
gli ha dato qualche cosa. 2. Io parlo in 
generale e non vorrei che altT/ considerasse le 
mie parole come dirette a lui. 3. L’iniquitii si 
fonda spesso sulla credulita e bont^ altrui. 
4. Agile sempre oorrettamente e non vi curate 
di quello che altri possa pensare di voi. 5. 
Bussate anc6ra ; qualcuno dev’ ^sere in casa, 
perche c’ e lume nelle stanze disopra. 6. Cer- 
tuni pare che godano delle s venture altrui. 7. 
Sc non mi raccontate tutto per filo e per segno 
(exactly), non ne faremo nulla. 8. Dite sempre 
la verit^i. se volete che altri vi stimi. 9. Coloro 
che non poss^ggono nulla sono sempre i pih 
generosi. 10. Niente ^ inutile, ogni cosa ha 
la sua ragion d’^ssere. 

Possessive Pronouns. The possessive 
pronouns are possessive adjectives used sub 
stantively. [See pages 2770-1.] 

Esercizio di Lettura 

Lo svegliarsi la prima notte in c^rcere^ e cosa 
orrenda ! Possibile ! possibile ! Io qui ? E 
non ^ ora un sogno*^ il mio ? leri dunque mi 
arrestkrono ? leri mi f^ero quel lungo in- 
terrogatorio*^, che domani, e chi sa fin qua.ndo 
dovr^ continuare ? ler sera, prima di addor- 
mentarmi, io piansi tanto, pensando ai miei 
genitori ! Il riposo, il perfetto sil^nzio, il 
breve sonno che aveva ristorato le mie forze 
mentali, sembravano avere centuplicato in 
me la potenza del dolore. In quell’ assenza 
totale di distrazioni, I’affp/nno di tutti i miei 
cari, ed in particolare^ del padre e della madre, 
mi si pingeva nella fantasia con una forza 
incredibile. In quest’ istante^’, mi dicevo, 
dormono ancora tranquilli, o v^gliano pensando 
forse con dolcezza a me, non punto presaghi 
del luogo dove io sono ! Oh, felici, se Dio li 
togliesse*^ dal mondo prima che giunga loro la 
notizia della mia sventura ! Chi dar^i loro la 
forza di sosten^re questo colpo ? Una voce 
interna pareva rispondermi : Colui che tutti gli 
afflitti invocano ad amano e s^ntono in s6 stessi 
Colui che dava la forza a una madre di seguire il 
figlio al Golgota e di stare sotto la sua croce.^ 
L’Amico degli infelici, I’Amico dei mortali ! 

Quello fu il primo momento che la religione 
trionfo nel mio cuore ; ed all’ amor filiale** devo 
questo benefizio. (Silvio P^llico, “ Le Mie Pri- 
gioni.”) 

Notes. 1. Prison. 2. Dream. 3. Examina- 
tion. 4. Especially, 5. At this moment. 6. 
To remove. 7. Cross. 8. Filial love. 
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Conversazione 

venuto nessuno durante la mia assenza ? 

Sono venuti due signori, ma non hanno lasci'/o 
i loro nomi. 

Chi ha i biglietti ? 

Ecco il mio e quello di mio fratello. 

Quale ba.g^iglio volete ? 

Quello del mio socio, perch^ ^ pi^ grande. 

Son venuto per dirle addio, perche parto 
stasera, e chi sa quando ci rivedremo. 

L’aocompagnero alia stazione. 

Spero che il mare sia calmo, perch6 soffro 
molto quando il mare ^ agitato. 

Vuol mp.ngiare qualche cosa ? 

SI, se c’ ^ tempo. 

Le chiedo scusa, signore, non I’avevo vista. 

Va p.nche lei a Milano ? 

Tanto m^glio, faremo il vikggio insieme. 

IMPERSONAL VERBS 

The verbs that do not admit a personal sub- 
ject are called impersonal 

1 . Some relate to atmospheric phenomena, and 
are only used in the third person singular, in 
the infinitive, gerund, and past participle, as : 

alheggia (ahlh^h-dgee-ah), it dawns 
annatta (ahnnotlah)^ it becomes night 
piove (pee-dveh)^ it rains 
lampeggia (lahmpeh-dgee’dh), it lightens 
tuona (too-dnah), it thunders 
nevica (nkhveecah)^ it snows 
grdndina (grdhndeenah)^ it hails 
gela (dgehlah), it freezes 

2. Many impersonal expressions are formed 
with the verbs fare, essere, andare, valere, as : 

fa caldo, it is hot ^ giusto, it is correct 
fa freddo, it is cold va bene, things go well 
nehhia, it is foggy va male, things go badly 
e meglio, it is better mle la pena, it is worth 
while 

3. Other imper&ond verbs have as subject 
an infinitive, w'ltli or without preposition, or a 
whole clause beginning with che (that), and 
with the verb in the subjunctive. These are 
verbs expressing : 

a. Necessity, convenience, chance, as ; 
accade (ahccdhdeh), it happens 
bisogna (bee s one e -ah), it is necessc-ry 
conviene (convee^ehneh), it is suitable 
impotta (eemportah), it is of consequence 
pteme (prllmeh), it is urgent 

basta (bdhstah), it is enough 

tocca a me, a te, etc., it is my, your turn 

b. Appearan^'e, s'ltisfaction, and other senti- 
ments, as : 

]Xire (pah eh), it seems 
sembra (sehmbrah), it appears 
risuUa (re^sodl-tah), it results 
piace (peedh-cheh), it pleases 
rincresce (? eencrehsheh), one is sorry 
etc. etc. 

4 Some of these verbs are also used person- 
ally, as : Egli sembra ammalato. He looks ill ; 
Sembra ch'egli sia ammalato, It seems that he 
is ill. 

5. Other verbs have a different meaning in 
the two construct ions, as : 


Egli importa vino. He imports wine. 

Importa di studiare. It is of consequence to 
study. 

Egli conviene con me. He agrees with me. 

Conviene parlare. It is suitable to speak. 

6. Other impersonal expressions are active or 
intransitive verbs used in the reflexive form, as : 

si vede, one sees ; si k., one is ; 

si vive, one lives; etc., etc. 

7. Impersonal verbs p.re conjugp.ted with the 
auxiliary hsere. A few, however, take avbre. 
Those relating to p.tmospheric conditions may 
be conjugated with both Issere and avert : 
piomdo and Im piovuto. 

Exercise XXXIX. 

1. In quel paese nevica molto ra;ramente, ma 
piove sempre. 2. Piove a dirotto ; bisogna 
pr^ndere una carrozza. 3. Bisognerk par tire di 
buon’ora, se vogliamo arrivare in tempo. 4. Ha 
grandinato e piovuto tutta la notte. *5. Non 
tuona pifi, ma lampeggia anc6ra. 6. il meglio 
non uscire oggi ; c’ e molta n^bbia. 7. Andia,mo ; 
non vale la pena di star qui a parlare di cose 
inutili. 8. Il tuo amico sembra molto contento ; 
avra fatto buoni aifari in borsa 9. Sembra 
ch'egli sia contento, me. veramente non ^ cosi. 
10. La Russia ha importato una gran quantita di 
grano quest’ anno. 11. Importa decidersi shbito, 
perche non v’e tempo da pdrdcre. 12. Lei ha 
gia parlato abbastanza, ora tocca a me. 13. 
Rincresce il vedere dei giovani cosl indolenti. 
14. 8i deve anche god^re un poco in questa vita ; 
si vive una volt a sol tanto. 

Key to Exercise XXXIII. 

1. Dress yourself quickly, because* we must go 
away (from here). 2. Did you enjoy yourself at 
the theatre last night ? 3. Do not p.pproach too 

near the cp.ge. 4. I begin to bo tired ; let us 
stf>p a little. 5. If you wish to wash your hands, 
I will give you some hot water. 6. 1’ho gentle- 
men of the second floor have complained about 
(he service. 7. Wp;ke me at half-p”.st seven 
to-morrow. 8. At what time do you usually get 
up ? 9. Get up ; it is very late. 10. Do you 
remember that lady who was with us in the 
country last summer ? 11. I remember her 

(piite well. 12. One must never lose one’s 
courage in misfortune. 13. Sit down, mr.dam, 
and tell me everything ; you know that you can 
rely on me. 14. Listen to me, sir, and may 
Heaven forbid that a day should come in which 
you will repent of not having listened to me. 

Key to Exercise XXXIV. 

1. This picture is w'orth nothing. 2. Be 
silent, your words arc not w^orth listening to. 
3. 1 will be silent at once, but it is certain that 
you will never persuade me to do what 1 do not 
like to do. 4. I wCiS so sorry that you did not 
remain with us the other evening. 5. He fell, 
but he did not hurt himself. 6. Do not go so 
soon; stay a little longer. 7. I cannot give 
more ; here is all I have. 8. We know how 
much your promises are worth. 9. I persuaded 
him to accept the employment which wrjs offered 
to him. 10. If you do not like this room, I 
will give you another. 


Continued 
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FRENCH 

IRREGULAR VERBS—continued 
Fourth Conjugation, 1. Battre, to beat, 
hattantf haUu, je bats, tu bats, il bat, je baJttis, The 
seflexive verb se battre means “to fight.” The 
verbs conjugated like battre are abattre, to knock 
down, fell ; se battre, to fight ; combattre, to com- 
bat ; debaUre, to debate ; se debattre, to struggle ; 
rabattre, to pull down, to lower (the price). 

2. CoNCLURE, to conclude, concluant, conclu, 
je conchis, tu coudus, il conclvt, je conclus. 

3. CONDUIRE, to lead, conduisarU, conduit, 
je condvis, tu conduis, il conduit, je condnisis. 

A number of verbs in uire are conjugated 
in the same way. The most common of them 
are construire, to construct ; cuire, to cook, 
bake ; instruire, to instruct ; redvire, to reduce ; 
and traduire, to translate. 

4. CoNNAiTRE, to know, to be acquainted 
with, connaissant, connu, je connais, tu connais, 
il connait, je connus. 

The “ i ” of the stem retains the circumflex 
accent wherever it is followed by “ Other 
verbs conjugate ’ in the same way OtVeparaUre, to 
appear, seem ; apparaitre, to appear, comparaitre, 
to appear (before a tribunal, etc.), disparaUre, to 
disappear ; reparaitre, to reappear ; recon- 
naitre, to recognise. 

5. CoNFiRE, to pickle, preserve, confisant, 
confU, je confis, tu confis, il confit, je confis. 

6. CJoiJDRE, to sew, cousant, coinu, je couds, 
tu couds, il coud, je cousis. 

7. Croire, to believe, cioyant, cm, je cfois, 
Ui crois, il croit, je crus. 

8. 'C’roitre, to grow, ctoi^nant, cru, je crois, 
tu crois, il croit, je crus. In this verb there is a 
circumflex accent not only over “ i ” when it is 
followed by “ but over “ i ” and “ u ” in all 
the forms that would otherwise be identical with 
those of croire. 

9. Ecrire, to write, mivant, ecrit, /ecris, 
tu ecris, il ecrit, ]krivis. 

All derivatives are conjugated in the same 
manner. Those m most frequent use are decrire, 
to describe ; inserhe, to inscribe ; proscrire, to 
proscribe ; sonscrire, to subscribe ; and transcrire 
to transcribe. 

10. JoiNDRE, to join, joignant, joint, je joins, 
tu joins, il joint, je joignis. 

All verbs of which the infinitive ends in aindre, 
eindre, or oindre, are conjugated like this. 
The following are some of them : contraindre, 
to constrain ; ,c eindre, to gird ; f eindre, to feign ; 
atteindre, to reach ; teindre, to dye ; enfreindre, 
to infringe ; peindre, to paint ; rejoindre, to 
overtake ; oindre, to anoint ; and the reflexive 
verb se plaindre, to complain. 

11. Lire, to read, iisant, lu, je Us, tu Us, il 
lit, je Ins. 

12. Mettre, to put, put on, mettant, mis, jt 
mets, tu mets, il met, je mis. 

The numerous derivatives of this verb follow 
the same conjugation. Amongst them : 
admettre, to admit ; commettre, to commit ; com- 
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promettre, to compromise ; omettre, to omit ; 
permettre, to allow ; promettre, to pioiuise ; 
soumettre, to submit. 

13. Moudre, to grind, mouhnt, moidu, je 
mouds, tu mouds, il moud, je mojilus. 

14. NaItre, to be born, naissant, ne, je nais, 
tu nais, il nait, je naqnis. 

This verb is conjugated w'ith etre in its com- 
pound tenses : je sids ne, I was born. 

15. Nuire, to injure, nnisanf, nui, je nais, 
tu nuis, il nuit (je nuisis). 

According to the Academy, nuire, and luire, to 
shine, conjugated like it, have no past definite. 

Ifl. Plaire, to please, plaisant, pin, je plais, 
tu plais, il plait (with circumflex accent), je plus. 

The derivatives complaire, to gratify ; deplaire, 
to displease ; the reflexive verb se plaire d, 
to delight in ; the verb taire, to conceal, hush up ; 
and the reflexive se taire, to bo silent, are all 
conjugated like plaire. 

17. Prendre, to take, prenant, pris, je prends, 
tn prends, il prend, nous prenons, Us prennent, 
je pris. 

This verb doubles the “w ” before the endings 
e, es, ent. It has numerous derivatives which 
are conjugated like it, and amongst which are 
apprendre, to learn ; comprendre, to understand ; 
entreprendre, to undertake; snrprendre, to sur- 
prise. 

18. Repaitre, to feed, to feast, is derived 
from paitre, to graze ; repaissant, repu, je repais, 
tu repais, il repait, je re pus. 

This verb is also used reflexively; se repaitre, 
and chiefly figuratively. 

19. R^soudre, to resolve, solve, rholvant, 
resolii, je resous, tu resous, il ihout, je rholus. 

This verb also means to dissolve from one 
substance into another, and then has rhous, 
rkonte, for its past participle. Ahsoudre, to 
absolve, anddissoudre, to dissolve, are conjugated 
in the same way ; but their respectiv^e past 
participles are ahsous, m., ahsoute, f., and dissuns, 
m., dissoute, f., Absolu and dissolu are adjectives 
meaning absolute and dissolute. 

20. Rire, to laugh, riant, ri, je ris, tu ris, 
il rit, je ris. 

Smirire, to smile, follows the s-.me conjug?.- 

21. %Suffire, to suffice, siiffisant, suffl, je 
sufjis^ tu suffis, il suffit, je suffis. 

22. SuiVRE, to follow, suivant, suivi, je snis, 
tu suis, il suit, je suivis. 

23. Vaincre, to overcome, vainquant, vainen, 
je vaincs, tu vaincs, il vainc, je vaim/uis. 

Convaincre, to convince, is conjugated in the 
same way. 

24. ViVRE, to live, vivant, vecn,je vk, tu vis, 
il vit, je vecus. 

This verb has two derivatives, conjugated 
like it, revivre, to revive, and survivre, to survive. 

Exercise XXXTL 

1. When the ancients besieged (assieger) a 
town they battered (beat) the walls with (d coups 
de) rara(s) (le belier). 



One is never beaten without being struck 
ifrapper) ; but one may (peut) be struck without 
^ing b^ten. 

3. The muleteer (mvletier) who served us as 
‘de) guide, beat his mules in a frightful (epouvan- 
table) way (la fa^n). 

4. We have concluded nothing, but that is 
not my fault. 

5. He is an author whose works (ouvrage, m.) 
have been translated into all languages (la 
langxie). 

6. According to a distinguished writer 
(ecrivain)y if you always translate, you wdll 
never be translated ; and yet (ce pendant) 
another writer, just (tout) es distinguished, has 
said that if you wish (voulez) to be translated 
(that one translp>te, snbj.) some (un) day, you 
must yourself begin by translating. 

7. I have seen him only once, but I should 
know him amongst (a) thousand. 

8. That young girl sews, sings, reads ; that 
is all she needs to be happy. 

9. Who is it that used to say that, wherever 
(partout ou) the lion’s skin did not suffice, the 
fox’s (renard) skin was to be sewn to it — that is 
to say, cunning (la ruse) to be joined to strength 
(la force) ? 

10. There are people who account the rest 
(le reste) of men as (pour) nothing, and think 
(believe) they are (to be) bom only for them- 
selves. 

11. An honourable (honnete) man who says 
yes and no deserves (mhiter) to be believed ; 
his character (le carartlre) swears for him. 

12. Any (tout) author whom one is obliged 
to read twice to understand (entendre) him, 
writes badly. 

13. What is written is written means (veut 
dire) that one crm change nothing in (d) what is 
written. 

14. The Good Shepherd (pasteur) has said : 
“ I know my sheep and my sheep know Me.” 

15. It is admitted by all civilised (ciuiliser) 
peoples that the person of an ambassador is 
inviolable and spjcred. 

16. You depict (paint) the charms (le charrne) 
of country (charnpetre) life so well to us that 
you make us feel inclined to (donner I'envie di) 
go (and) live (habiter) in a (au) villR,ge. 

17. The Gauls (Oaulois) used to trr.nsmit 
(the) news (les nouvelles) to each other by (en) 
lighting fires on the heights (la Jiaideur). 

18. The days lengthen (grow) from the 
21st of December to the 2l8t of June ; they 
dre,w in (decroUre) from the 21st of June to the 
21st of December. 

19. Men are like the flowers which appear 
and disappear with an incredible (incroyable) 
rapidity (la rapidite), 

20. On the 11th of November, 1572, a new 
star appeared suddenly (tout d coup) in the sky, 
where it shone (briller) with (de) the most 
vivid (vif) brilliancy (ecleU, m.) ; it disp.ppeared 
in the month of May, 1574, after having lasted 
16 months. 

21. We read in Genesis (la Oenhe) that the 
ancient patrie,rchs (le patriarche) lived a very 
long time, and that Abraham lived 175 years. 
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22. We write from left to right ; the Jews 
write from right to left (gauche) ; the Ara^ 
(Arahe) write similarly (egalement) from right 
to left. 

23. The French overcame the Austrians 
(Autrichiens) at Jemmapes and at Marengo ; 
they were overcome by the English at Waterloo. 

24. The ancients used to grind com with 
little millstones (la meule) worked (mues) by 
hand (d bras d'hommes). 

25. Unjust actions alwa.ys injure (to) their 
authors. 

26. Cleopatra (Cleopdtre) took a large pearl 
(la perle) which she threw into a cup (to tasae), 
and, when she had seen it dissolved, she swal- 
lowed (avaler) it. 

27. You laugh, and with reason, at (of) the 
folly (les soUises) of men, at which I should do 
(feraia) well to laugh also, and at which I would 
laugh if my digestion were better (if I digested, 
digerer) and if I slept better. 

28. What (a) passion i^ (que) envy ! It 
follows the man of merit even to (juaqu'd) the 
brink (le bord) of his grave (to tombe). 

In all verbs the endings of the Imperfect 
Indicative, of the Past Definite, of the Future, 
of the Present Conditional, and of the Imperfect 
Subjunctive, are regular, whatever peculiarities 
there may be in the stem. Consequently, only 
the first person singular of those tenses will be 
indicated. Except in special cases, the Impera- 
tive will not be given, as its first and second 
persons are identical with the corresponding 
persons of the Present Indicative, and its third 
persons borrowed from the Present Subjunctive. 

First Conjugation 

1. Alter, to go, allant, alle. 

Ind Pres, — je mis, tu vas, il m, nous allons, 
VO us allez. Us void. 

Imperj. — fallais, F uture. — firai. 

Past Def. — fallai. (\)nd. Pres. — firais. 

Imperat, — m, quHl adle, allons, allez, quits 
aillent. 

Subj. Pres. — que faille, que tu ailles, quil aille, 
que nous allions, que vous alliez, qu'ils aillent. 

Imperf. — que fallasse. 

The imperpJive m takes s when followed by 
y : vas-y, go there. 

The compound tenses of alter are conjugated 
with the pmxiliary etre. 

Idiomatic Uses of Alter, (a) Alter is 
used, in connection with p.nother verb in the 
Infinitive, to express a proximate future, and 
then means “ to be going to,” “ to be p.bout to,” 
“ to be on the point of ” : Je vats vous le donner, 
I am going to give it to you ; J'allais vous 
ecrire, I was going to write to you. 

(b) Alter also means “ to suit,” “ to fit.” It 
is frequently used instead of ae porter, with re- 
ference to the state of health : Son habit ne lui 
m pas, His coat does not fit him ; Comment allez^ 
vous? Comment vous portez-vous? How do you 
do ? 

(c) Alter is used in the following expressions : 
alter se promener, to go for a walk ; oiler d pied; 
to walk (go on foot) ; oiler en voiture, to drive , 
oiler d cheval, to ride ; alter en bateau, to go for a 
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«ail ; y alter de (impersonal), to be at stake ; 
il y va de la vie, life is at stake. 

[d) The Imperative of alter is used to form 
intellections : Va / Allez ! Believe me ; I can 
cell you ; Surely. Allans! Come! Come now ! 
Allans done / Get away ! Nonsense ! 

2. S*en alter, to go a\\ay, s'en allant, s'en 
HaiU alle. 

Ind. Pres. — je m' en vais, tu Cen vas, il s'en 
va, nuns vans en allons, vous t'f)U8 en allez, il 
s^en vont. 

Past Indef. — je men suis alle, tu Ven es alle, 
il s'en est alle, elle s'en est allee, nous nous 
en sommes allcs, vous vous en Hes alles, ils s'en 
sont alle^, elles s'en sont allees. 

All the other tenses are conjugated in this 
way, by putting m'en, fen, s'en, nous en, vous en, 
e'en between the subject and the verb. 

Imperat. (positive). — va-fen, qu'il s^en aille, 
aUons-nous-en, allez-vaus-en, qu'ils s'en aillent. 

Imperat. (negative). — ne fen va pas, qu'il ne 
s'en aille pas, ne nAm en allons pas, ne vous en 
allez pas, qu'ils ne s'en aillent pas. 

The following examples will show the order of 
the words in interrogative and negative forms : 

Ten vas-tii ? Are you going away ? &'en 
eU4l alle? Hrs he gone away? Je ne m'en 
vais pas, I am not going away ; Ils ne sen 
seraient jhis alles. They would not have gone 
«\%ay ; Ne vous en hez-vous pas? Will you not 
gjo auay ? Ne s'en est -elk pas allee? Has she 
not gone away ? 

3. Envoyer, to send, envoyant, envoye, 
j'envoie, j' envoy ai. 

The only irregular tense's of this verb are the 
Future and the Conditional 

Fut urc. — j'en vet t a i. Fond itional. — j'enverrais. 

Klv to Exercise XXX. 

1. La t(‘rrt‘ est echauffee par le soleil. 

2. L'egoiste n'est aime de personne. 

3. Les chiffres ont ete inventes par les Arabes. 

4. La femme fut trompee par Ic serpent. 

5. Les orages sont prevus et annonees par les 
hirondelles 

6. L’Amerique fut decouverte par Christophe 
Colomb en mil quatre cent quatre-vingt-doir/i*. 

7. L’imprimerie fut inventee par (lutenberg 
dans le quinzieme sieele. 

8. Le cap de Bonne-Esperance fut double pour 
U premiere lois par les Portugais. 

9. Qu'ind etes-vous revenu de Paris? 

10. Quel jour vos amis sont-iLs partis pour 
Londres ? 

11. Depuis que la coinetc est apparue une 
foule de gens passent la nuit a la regvi.rder. 

12. Quand nous sommes arrives a la garc le 
train etait deja parti. 

13. Il semble que le soleil tourne autour de la 
terre, quand, au contraire, il est certain que 
e’est cello-ci qui tourne autour du soleil. 

14. S’il gMe le matin, il fait sou vent beau 
toute la joumee. 

15. Il faut qu'une porte soit ouverte ou 
fermee, dit im proverbe fian 9 ais. 

16. Je vous ai tout dit. Que vous faut-il do plus ? 

17. C’est justement ce qu'il me faut ; merci. 


18. Ses amis sont des gens tres comme il 
faut. 

19. Il s'en est fallu de bien p?u qu’il ne fufc 

20. Pour bien parler, il faut dire ce qu'il laut, 

tout ce qu’il faut, rien que ce qu’il faut, et le 
dire comme il faut. • 

Key to Exercise XXXI. 

I. Notre brigade assaillira I’ennemi dans ses 
retranchements domain matin. 

2. Quelques coups de feu partent ; k ce bruit 
Napoleon tressaille ; la campagne de Russie 
est ouverte. 

3. Tout le monde sait que c’est Christophe 
Colomb qui a d6couvert I’Amerique. 

4. Il n’ouvre jamais la bouche sans dire quel que 
sottise. 

5. Le bruit qui sc faisait dans rassemblee 
couvrait la voix de I’orateur. 

6. Il est certain que la mcr a autrefois convert 
une grande partie de la terre habitee. 

7. L’eau bouillirait plus vite si vous allumiez 
un bon feu. 

8. rran 9 oi 8 premier dormit sur un aftut 
la nuit de la bataille de Marignan. 

9. Nous nous endormons tons les soirs pen- 
dant qu’il nous lit le journal. 

10. Lorsque nous ^tions jcuncs nous dor- 
mions douze heures sans nous reveiller. 

II. Isaac ayant demande a son pere ou etait 
la victime qui devait etre immolee, Abraham 
repondit : “ Dieu y pourvoira.” 

12. Charles le Tcmcrairc perit devant Nancy, 
trahi par un mercenaire napolitain, et tue 
en fuyant apres la bataille, par un gentilhomme 
lorrain. 

13 Fuyons ensemble au fond des forets ; 
il vaut mieux se her aux tigres qu’aux hommes. 

14. Il y a des gens qui mentent simplement 
pour mentir. 

15. La satire ment sur les gens de lettres 
pendant leur vie, et I’elogc ment apr^s leur mort. 

10. On lui a offert une place a Paris, mais 
il ne desire pas quitter Londres. 

17. Il est utile aux superbes do tomber, 
parce que leur chute leur ouvre les yeux. 

18. On est ordinairement moins fache quand 
on part que qiicmd on voit partir. 

19. Nous aurions du partir pour la campagne 
hier, mais nous ne partirons quo demain. 

20. Quand tu mens, la conscience ne te re- 
j»roche-t-elle pas quelque chose, et ne te repens- 
tu pas aussitot ? 

21. Lc juge qui est fiddle it son devoir ne sent 
ni regrets ni courronx. 

22. Il y a des gens qui semblcnt croire que 
le bonheur de les servir est une assez haute 
recompense pour ceux qui les servent. 

23. 8ortez quand vous voudrez, mais je vous 
avertis quo je ne sortirai qu’aprds que vous 
serez sortis. 

24. Est-ee la peine de vivre quand on souffre ? 
Oui, car on espdre toujours qu’on ne souffrira 
pas demain. 

25. Le malheur de ces gens qui savent tout, 
c’est qu’ils ne prevoient jamais rien. 


Continued 
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SPANISH By Amalia de Alberti 6 H* S. Duncan 


IRREGULAR VERBS — continued 
Third Class 

This class embraces verbs of the third con- 
jugation with a radical e, which is never expanded 
to iBy but changes into i : 

1. Throughout the present indicative, except- 
ing the first and second persons plural. 

2. Throughout the present subjunctive. 

3. Throughout the imperative, ex<^eptmg 
the second person plural. 

4. Throughout the rest of the conjugation, 
whenever the verbal termination contains the 
diphthong ie or io. 

Servir, to serve. Gerund, sirviendo, Ind. 
Pres. — sirvo, sirves, sirve., servimos, serviSf sirven. 

Past Def. — sem, serviste, sirvio^ servimos, 
servisteis, sirvieron. 

Imperat. — sirve, sirva, sirvamosy sirvia, sirvan. 
Subj. Pres. — sirvay sirvas, sirva^ sirvamos^ 
sirvaisy sirvan. 

Subj. Imp. — sirviera, sirvierasy siivieray sirvier- 
amoSy sirvieraisy si) vieraUy or sirviesey sirviesesy etc. 

Svbj. Put. — sirvierSy sirvieresy sirvierPy sir- 
vieremoSy sirviereisy sirvieren. 

The imperfect and future of the indicative and 
the conditional are regular. 

Euphonic Changes. Verbs of this class 
ending in eir change e into i as usual, but drop 
the i of the diphthong ie in the verbal ter- 
minations in order to avoid the double i. 

Reir, to laugh. Gerund, riendo. Svbj. Imp . — 
rierUy rieras^ rieray rieramosy rieraisy rieran. 

These verbs also follow the sc-me euphonic 
changes as the regular verbs — viz. : Those c’^ding 
in gir change y into j before a and o. 

Regir, to rule. Ind. Pres. — rijoy rigesy rige, 
regimoSy regisy rigen. 

Svhj.Pres.—rija, rijas, rijuy rijamosy rijaisy rija i. 
Those in guir drop the u before a and o. 
Seguir, to follow. Ind. Pres. — sigoy siguesy 
sigtoe, seguimos, seguisy .siguen. 

Subj. Pres. — siga, sigasy siga, siganwsy sigais, 
sigan. 

Verbs ending in nir drop the i of the diphthongs 
ie and io in the verbal termination. 

Cehir, to gird. Gerund, cinendo. 

This change is optional with verbs whose 
ending is ch; thus the gerund of henchiry to fill, 
may be either hinchiendo or hinrhendo. 

List of verbs of the third class, changing the 
radical e into i : 

cenir. to gird investiVy to invest 

coleglr, to deduce incertir, to invert 

cjmpetir, to compete medir, to measure 

< oncebir, to conceive pedir, to ask 

conseguir, to obtain pereeguir, to persecute 

consfrenir. to constrain proseguir, to pr<)Becute 

controvertir, to controvert recenir, to re-gird 
derretir, to melt reelegiry to re-elect 

desceMry to ungirdle rendiry to render, surrenaer 

di8 pedir y to take leave rctltr, to quarrel 

deHieiliry to discolour repedir, to re-demand 

elegify to elect repethy to repeat 

embestify to attack retetUr, to re-dye 

cxpediTy to despatch revestify to dress 

freity to fry seguir y to follow 

gemify to lament servir y to serve 

henchiry to fill tefiiry to dye 

heiiiry to knead vestir, to clothe 

impedir, to prevent 


Fourth Class 

Irregular verbs of the fourth class end in uir 
and guir. The peculiarity of these verbs is the 
insertion of a y before the verbal termination ; 

1. Throughout the present indicative, except- 
ing the first and second persons plural. 

2. Throughout the present subjunctive. 

3. Throughout the imperative, excepting 
the second person plural. 

4. Throughout the rest of the conjugation, 
whenever the verbal termination should contain 
the diphthongs ie or id a y is substituted for the i. 

Verbs ending in guir drop the dieere.sis before y. 

Huir, to flee. Gerund, huyendo. 

Ind. Pres. — huyoy huyeSy huye, huimoSy kuisy 
Tiuyen. 

Past. Def. — huty huiste, huyOy hiiimosy huisteisy 
huyeron. 

Imperat. — huysy huyay huydmosy hiiidy Jivyan. 
Subj. Pres. — huyay hnyas, huyay huydmoSy 
huyaiSy huyan. 

Subj. Imp. — huyeray huyerasy huyeray huyera- 
moSy huyeraisy huyerauy or huyescy etc. 

Subj. Put. — buyer Sy huyeres, buyer ey buyer ermSy 
buyer eisy buyer en. 

Argiiir, to argue. Gerund, arguyendo. 

Ind. Pres. — arguyOy argvyesy aiguye, aryiiimosy 
arguisy argiiyen. 

The imperfect, future, and conditional of the 
indicative arc regular. 

All the following verbs arc conjugated accord- 
ing to the above rule. 
atribuiry U) attribute /fu(>, to flow 

coneluir, to conclude imbuir, to imbue 

copstUuiry to constitute incluiry to include 
cons'ruiTy to construit insWmry to institute 

contrihmry to contribute obstruir, to obstruct 
destituiry to make destitute prostituir, tt) prostitutt 
desiruir, to destroy rtclutr, to seclude 

diluiry to dilute nonstruiry to reconstruct 

disminviry to diminish redarguiry to retort 

distribmr, to distribute refiuir, to ebb 

cs'atviry to enact rrstituiry to restore 

excluir, to exclude sustUuir, t o substitute 

V c cabulapy— V ocabulario 
A witch Una bnija I An oak Uii ruble 

Witchcraft Hrujeria (f.) A lemon-tree Un limoiiero 

A sorcerer Uii brujo An orange- Un naraiijo 

A compass Una bnijula tree 

The mist La bruma A palm-tree Una palmera 

A brute Un bruto A fig-tree I'lia higuera 

To nod Uftbezear An ash-tree Un frcsiio 

The corpse El ctiduver A strawberry- Un fresal 

The locksmith El cerrnjero plant — a 

The bolt El cerrojo strav berrj - 

The brewer El cerveceru bed 

The beer La cerveza A raspberry- Un frambueso 
The basket El canasto bush 

A gift Unadddiva A poinegrun- Un granado 

A dagger Unadaga ate-tree 

Delight |)eleite(m.) The reeds, Los j uncos 

To date Fechar rushes 

Weak Dobil A laurel-tree Un laurel 

The tre« El arbnl A mulberry- Unmoral 

An apricot- Un alberi- tree 

tree eoque A walnut-tree Ihi nogal 

An acacia Un acilcia An olive-tree Un olivo 

An almond- Un almen- An elm Un olmo 

tree dro A poplar Un alamo 

A birch-tree Un abedul bianco 

The heather El brezo A pine-tree Uiipino 

Box (shrub) Boj A pear-tree Un peral 

A cedar Un eedro An apple-tree Un manzano 

A cherry-tree Un cerezo A plum-tree Un eiruelo 

A chestnut- Un castafio A willow Un sauce 

tree A weeping Un sauce 

An evergreen Una encina willow lloron 

oak A lime-tree Untiio 
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Exercise XVI. (1) 

Translate the following into Spanish : 

1. Honours are gained in serving ont's country. 

2. To follow bad example is evil ; let us always 
follow good [example]. 

3. In girding on his sword he cried “ Long live the 
King I ” 

4. We do not compete with tliat firm ; its prices 
art' ridiculously low. 

5. Do not buy this cloth : the colour comes out 
and stains the hands. 

H. We cheerfully take leave of a disagreeable and 
tedious guest. 

7. It is difficult to choose a tniv'olliiig companion, 
hut once chosen, one must be [on good terms) 
{(ivcnirsc) with him until the end of the journey. 

8. One must reflect before investing one’s patri- 
mony, as when invested one runs tlio risk of being 
unable to withdraw it. 

0. Let us measure the clotli before cutting out the 
cloak, and cut it according to the nu'osure. 

10. They pureued tlic enemy until they could 
proceed no further. 

11. To quarrel with one’s friends is the action of 
fools. 

12. Let us contribute good works for the good of 
our neighbours, but let tlie conti ibutiun be judicious. 

Exercise XV’^I. (2) 

I’ranslate the following into English : 

I. Es tan vieja y fea que jiarecc ima bruja. 

2. \ Lostimo k t^e niilo, es un bruto ! 

,‘l. Ese hombre es un ccrvccero, ha ganado su 
fortuna vendiendo cerveza. 

4. Me enseno una daga niuy antigua, es do un 
trabajo hermoso. 

.*). El fresal de mi jardin tiene do ('xtension media 
h'gua. 

0. En el huerto hay arboles imtales muy hormosos. 

7. Los higos, las jicras, y las nianzanas son rnuy 
(k'Hciosos. 

8. El brezo crece en los montes. 

9. Los limoncs y naranjas (jue cri’cen en nuostros 
limoneros y naranjos tienen faina por lo bueno que 
4 <mi. Tambicn nuestros frcsales erian fresas do gran 
tamano. 

10. La flor del grauado cs tan bonita como su 
truta. 

11. Es la moda de hacer mueblcs do junco, son 
bon i los pero jioco duraderos, 

12. El boj de la .Alcazar de Sevilla cs eolebrado j»or 
au antigiK'dad y hermosura. 

13. Eon ahnendras y avellana se haceii en Espana 
un dulce (pic Hainan turron que cs muy bueno. 

14. Los ohvares son tristes y melanc(>licos, el verdo 
dc ^u follajc cs CHsj negro. 

Kly to Exercise XV. (1) 

1. Heinos cerrado todus las puc;rtaa, y ahora 
ciern'n Vds las ventanas. 

2. No vale la pen a rogar que lo pcrdoiu'n ; ruegon 
Vds si quieren. 

3. El olor de esas flores es un verdadero j)erfuine. 

4. Es dified adquirir fariia, y auii mas dificil 
conscrv'urla despues do ndquinda. 

5. Es bueno ulentar k la juventud ; yo la aliento 
siernpre. 

tt. Es dificil aprobar cuando un amigo nos critica 
con verdad ; la aprobacion do los (jue nos rodoan es 
necesaria para nuostra felicidad. 

7. i Hay quo atondcr d nuestros ncgocios ! 

8. Tcjngamos cuidado al atravesar la plaza ; yo la 
atravicso siernpre mirando k la dorecha, y a la 
izquierda. 

9. Dice el refran que no hay poor ciego que aqudl 
que no quiere ver. El ser ciego accrca do nuostros 
defectos es natural. 

10. Nuostra amistad fu4 eimontada hace aflos- 
cuando *Hufrimos juntos. Las tribulaciones son buenas. 
para cimentar buenas relaciones. 

11. Este cuarto necesita que se calientc, y hay que 
calentar tambien cl alinuerzo. 
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Key to Exercise XV. (2) 

1. The political exile to which ho was condemned 
made his fortune when his party returned to power. 

2. To awaken the anger of a passionate person is 
dangerous ; once awakened it is diflicult to appease. 

3. It is more difficult to man to govern his passions 
than to govern a nation. 

4. I absolutely deny havdng said such a thing, and 
when thej'- confront me with him, ho will not be able 
to deny it. 

6. It is said that it is better to patch one’s cloak 
in time than to let the patch be bigger than the 
cloak. 

6. He wlio sows thorns cannot expect flowers to 
spring up ; it is better to sow good seed than to sow 
thistles. 

7. The fool dreams what he will, and the wise man 
what he can. Dreaming cannot be commanded. 

Prose Extract XIII. 

From a short story by .Tuan Ochoa, entitled ; 

“Liberty.” “ Libertad.” 

Shade, shade of green Sombra, soinbra dtJ 
leaves, was what both hojas vordos, era lo quo 
sought for in their hours buscaban ambos en las 
of love. boras de amor. 

How they sang to- ; Cuanto cantaron jun- 
gether that sfiring ! tos aquella primavera. 
What tender things they ; (hiantos temezas so 
said to eacli other on a dijeron los dos on la co}>a 
tree-top sw’aycd by tlie do un arbol agitado por 
breeze I la brisd ! 

If looking up at the sky Si ella mirando al ciclo 
she burst into ecstaticsong se arrobaba en su cancion 
he would listen at ten- oiala 61 atento, ladeando 
lively with his tiny quiver- un poco la cabecita 
ing head on one side, and temblorosa ; y cuando 
when the last notes died morian las ultimas 
away upon the beak of notas on el pico de su 
his mate Jio would shake companora, sacudiase las 
his ft'athiTS, draw liiin- plumas, se erguia con 
self up yirettily, and in gentileza para entonar 
111 ' turn intone the lay of tambion la trova del 
ardent lov'’c. TJie most amor ardiente ; Gilguero 
magnificent and long- de m^s inspiracion k im'is 
wunded of linnets ! He fachonda ! Era grande y 
was large* and beaut j- tenia cl plumaje limpio 
fully bleok of plumage, y hermoso. Habia 

He iiad sulfercd grave posado on la vida sus 
and jierilous adv'enturos avonturas soritis y graves, 
in Ins life. One morning Una manaiia cayo pn'so 
ho f('ll into a snare ; lie en liga ; vi() correr hacia 
saw four children wild 61 cuatro chiquillos locos 
w ith glee running towards dc gozo ; hizo ontonces 
him ; then hc5 made a un esfuerzo supremo y 
sujiromc effort and t^'s- eseapo, dej(> alii plumas, 
eaped : leaving feathers eonipio con sangres la 
boliind, ho bought the libertad de sus alas, 
liberty of Ins wings with pero logro huir A la 
blood, but ho suecoeded espesura, a los rincones 
in flying to the thicket, sombrios del follajc, al 
to the dark nooks of foli- hogar de liojas do sus 
age, to the leafy liome of suonos. 
his dreams. H(^ flew far Aquel dia volt) mucho 
that day, ('ugciiy drink- bebio con ansia la dicha 
ing m the joy of liberty, de ser libre, y a una 
and with a blow of his arafla que sorprendio ace- 
beak slew a spider whom chando k una niosca, 
he Hurj)risod, lying in am- matola de un picotazo. 
bush for a IJy. 

What labour lovo laid jA cuantos afanes les 
upon him and his mate ! llevo el amor, d 61 y a su 
Luckily she turned out- companera 1 Gracias que 
the most industrious and 68ta 8ali6 la pdjara mas 
wisest bird ever seen. She hacendosa y Rabihonda 
was uyi to everything, que se habia visto. Es- 
Thread, shreds, fluff, taba en todo. Hilos, 
horsehair — she carried brignos, tamo, cerdas, 
everything home in her todo se lo colgabadel pico, 
beak to make the nest, y lo trdia d casa para el 
and while her lover nido ; y mientras su 
twisted and wove these amante emaraflaba y 



materials, she watched 
him lovingly, twittering 
softly, aw suggesting 
her own plans also. 

Thus they raised a 
temple to their love, and 
therein were happily 
united, hidden in mys- 
terious foliage, having the 
blue of heaven, the rays 
of the sun, the caresses 
of the breeze, and the 
music of leaves for their 
wedding present. 

They had a family, four 
rapacious imps who were 
transformed into mouths 
os soon as they smelt food ; 
they had to be fed — ex- 
peditions must be made 
in search of food ; they 
spent the whole day at 
it. The warmth of their 
feathers, the bread out of 
tlieir mouths — nothing 
sufficed the gluttons. 
What drudgery 1 

One day when feathers 
had begun to grow on the 
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t^ejia aquelios materiales, 
ella le contemplaba en- 
amorada, charloteando en 
voz baja y dando tambien 
sus planes. 

Asi elevAron a su amor 
un templo, y en el so 
unieron f el ices, escon- 
didos ©n la fronda mis- 
teriosa teniendo como re- 
galo de bod as aquel 
cielo, rayos do sol, oari- 
cias de la brisa, musicn 
de hojas. 

Tuvieron hijos ; cuatro 
diablejos tragones, quo 
todos so volvian boca tm 
cuanto olian comido ; 
habia que cebarlos — ^liabia 
que salir y buscar alimen- 
tos. En esto so posaban 
el dia. El calor de sus 
lumas, el pan de sus 
ocas — todo era poco 
para aquelios golosos. 
i Quo fatjgas ! 

Ouando los pequofiue- 
loR CO m on z Aron a echar 


little ones, and the tree 
was enlivened by their 
twitter, their parents 
wentout in search of food. 
They returned at night- 
fall — they found no nest 
nor birds in the tree, 
there were none to feed. 
Then came mournful love, 
the wailing song, the 
moasureless lament, 
which lost itself in the 
solitude of the grove. 
When night drew in they 
kept the vigil of tlioir 
sorrow together above 
the ruins of tho nest ; 
they never closed their 
eyes, and they had no 
song to greet the light of 
dawn that day. 

Juan Ochoa (1864- 
1 899), a young author and 
journalist whose early 
death was a great loss to 
Spanish literature. Hf? 
is renoumed for tho deli- 
cate beauty of his short 
stories. 


pluma y alegrAban el 
Arbol con su char! a, sa* 
Heron un dia los padres en 
busca de alimento. Vol- 
vieron al obscurecer. No 
hallaron en el Arbol nido 
ni pajaros, no tuvieron 
A quien cebar. Entonces 
comenzo el amor triste, el 
cantar llorando, la queja 
inmensa que se perdio en 
la soledad de la arboleda. 
Cuando cerr6 la noche, 
velaron juntos su dolor, 
sobre las ruinas del nido ; 
no pegaron los ojos, y A la 
luz del alba de aquel dia 
no la saludAron cantando. 


Juan Ochoa (1864- 
1899), un joven autor y 
period ista cuya tern prana 
inuerte fuA una gran 
perdida para la literatura 
espaftola. Es afamado 
[)or la delicada hermo- 
sura de sus ciientos. 
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ESPERANTO By Harald Clegg, F.B.E.A. 


Esp'^ranto is an artificial language 
perfected in 1887 by Dr. Louis 
iSamenhof, an oculist and linguist 
of Warsaw, and is so called from 
his pen name, “Dr. Esperanto ** 
(tho hoping one). It is intended 
to serve the purpose of an auxiliary 
language for intcmutiomil use, and 
possesses the ad\'an( ages of extreme 
simplicity, logical construction, 
flexibility, and adaptability to 
present and future requi omeats, as 
wo 1 as case of oral comp ehe.ision. 

Tile language is now taught 
at many continental universiti s, 
lycA )H and inilitary colleges, and is 
r«pidlv gaining favour at grammar 
schools and colleges in this country. 
The London County Council hrs 
made it a subject for instruction 
in its schools. 

The loss ms appearing in this 
C'^u.ae have been carefully gradu- 
ated, it being assumed, however, 
that tho student knows already tho 
meanings of ordin iry grammatical 
terms He should aim first at 
reading, then at writing, arid final ly 
at spe iking the language with eas r, 

THE ALPHABET 

The Esperanto alphabet has 28 
letters — viz. : 

A (a) B(6o) C(co) 0 (co) 

p{rf/)) E(e) F(/») G(g«) 

(i i^o) H {ho) A {ho) I (i) 

J {jo) 3 {jo) K {Jeo) L (to) 
M(fno) N (no) 0 (o) ^ (po) 

R (ro) S («o) § (to) T (to) 

U'(«) C (ko) V (w) Z {zo) 

The consonants are pronounced 
exactly as in English, with the 
following exceptions : 


c as ts in its 
c „ ch „ church 
gffff gun or mug 
g „ gr „ gent or in edge 
h „ A „ hot (always aspirated) 
fi „ ch „ loch (or German ch) 

This is tho sound of the ordinary 
h gutturally pronounced, and with 
considerable aspiration. It is repre- 
sented phonetically by k/i. 
j as y in you, yet 
] „ zh, or like in pleasure 
s „ 5 in sit or bus 
A „ sh in show, shift 
u. This letter, which is a con- 
sonant and equivalent to the 
English w, can never stand alone. 
It is always preceded either by 
e or a, and pronounced approxi- 
mately thus : 

au as ow in cow ; eu as erty-oo in 
gray-ooze, 

the sounds being uttered dose 
together, with one emission of 
the voice, so as to produce a 
single syllable. It must be under- 
stood that this example (gray- 
ooze) is not perfect — the true 
sound of eif not being found in 
any English word. 

The five vowels are pronounced 
aa follows, all being jmro sounds 
and of medium length : 

a as ah. 

e as eh. 

i as ee in teem. 

o as oh (very round and entirely 
avoiding any approach towards 
ow.) 

u as 00 in boot. 


Every v’-ow'cl, no matter whore 
j)laced in a word, is always cleaily 
jjronounced. 

Besides the two combinationi 
above there are four others, o/, 
f/, o/, and uj. Remember that the 
j here atill retains the sound of the 
English y as before stated, so that 
these combined letters become : 
ahi/ (o/t-//), p/iy, o/jy, and ooy, the 
sounds being fuuml in : pte, play, 
hoy, and qudl. Each of these four 
combinations represents, of course, 
but one syllable. 

Every word is pronounced aa 
written. There are no silent Utters. 
The tonic accent in every word which 
IS not H monosyllable falls on the 
penultimate (last syllable but one), 
(five every letter its full sound and 
pronounce nacio nah-tsee'-oh^ alia 
ah-lce'-ah; not nah^s-yoh and ahUyah. 
Slightly roll the letter r so that no 
ambiguity will arise when such 
wmrds os karto and kato are pro- 
nounced. 

Imitated Pronunciation. Read 
aloud the following words, carefully 
observing the pronunciation printed 
by each ; 

(The stressed svllublcs are indi 
cated by accents.) 

buAo {hoo'-shoh), multaj (mooV- 
iahy), tridek {tree'-dehk), Novem- 
bro (Noh-vehm'-broh), naskita 
(nahs'kee^-tah), infanojn (een-fah' 
nohjn), amuze (ah-moo'-zeh), ho- 
diau (hoh-dee^’ow), klerulo (kleh- 
roo'4oh),neuz\ {neh-oo'-zee), Euro- 
pe {Ehoo-roh'-poh), monafio {moh- 
nah'-kho), *8cienca {stsec-ehn'~ 
tsah) pezilo (peh-zee'-loh), Aenigi 
(cheh-nee-gee), laciga (luh-tset’ 
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Inay min his crops and involve the loss of 
liis livestock. Lower forms of plant life 
may eanse blight, mildew, and other plant 
diseases. The animal foes range from micro- 
scopic organisms to highly organised animals. 
The former are the unseen causes of disease, 
malaria, yellow fever, etc. The ravages of the 
phylloxera insect have caused immense loss to 
nearly all vine-growing countries. The mosquito 
renders large districts uninhabitable by carrying 
the germ of malaria. The African tse-tse fly 
exterminates cattle over the areas it haunts. 
The locust, the scourge of South Africa and other 
dry lands, annihilates every trace of vegetation 
in the line of advance. The rabbit has become 
an equally serious plague in Australia, vhere it 
does great damage Imth to crops and pasture. 
]\ranv other examples will doubtless suggest 
themselves. 

Man’s Utilisation of Raw Materials, 

A society which breeds animals or practises agri- 
culture has a constant supply of raw materials. 
The shepherd peoples have immense quantities 
of wool and hair, out of which they make fHt 
tents, wool carpets, leather bottles, saddlery, and 
so forth. agricultural peoples have bursting 
barns and laden fruit trees in autumn. Fruit 
must either be used immediately or wasted. 
Thus begin such industries as the making of 
wine. It is m^dloss to follow out the process in 
detail, or to mention the manifold ways in which 
the raw materials of the entire world are utilised 
in a complex society like our own. 

Originally, all power was hand power, as it 
still is in many parts of the world. Labour 
may l)e so cheap that hand power is the most 
economical, as in (Lina; or a region may 
1)0 so remote that labour-saving devices have 
not penetrated to it, as in the hand grinding of 
cereals in many African villages, or, in exceptional 
cases, such as lacemaking, the hand may give 
a finer result. Animal power probably developed 
next. A common example of it is the use of 
animals in ploughing. Horae power remains 
our unit of measure, though we now employ 
mechanical power wherever possible. 

Power — Water, Steam, and Elec- 
tricity, Water power w'as the first mechanical 
power employed, and the command of it was 
of prime importance until the introduction 
of steam power in the eiglitecnth century. 
Steam power enormously increased output, 
and the impetus thus given to manufactures 
led the conveniently - situated coalfields of 
Europe and North America to specialise in 
manufactures to the almost complete exclusion 
of agriculture. Steam power is now^ being 
rapidly displaced by electric power, wLich is 
restoring the command of water power to its 
old importance. The fact that it can be cheap’y 
generated by water power, transmitted for long 
distances, and put to the most varied uses, gives 
it a superiority to every other form of power 
with which we are yet acquainted. Its increasing 
us(* is one of the great secrets of civilisation, 
and its in' reusing application in all parts of the 
world will almost inevitably load in the long run 
to redistribution of population. 
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The geographical and human factors together 
produce great diversity of raw and manufac- 
tured products. Some system of exchange 
early begins, and increases in complexity at 
societies develop. 

Exchange and Transport. For ex- 
change two things are necessary — a surplus 
of some commodity and the means of putting 
it on the market. Without the latter the 
former is useless. Transport will therefore Ik* 
d)riefly considered Ix'fore oommf)dities. 

Transport is carried on either by land or water. 
Transport by land is carried on first by road, and 
much later by rail. In transport byroad goods 
are carried by human porters or by beasts of 
di aught or burden and recently by mechanical 
powTi*. In tiansport by rail a locomotive is 
driven by mechanical pow^r, or carriages are pro- 
pelled by electricity. Hy w ater, oars, sails, steam 
or otli*r mechanical pow'crs are employed, and 
on iiila ’d waterways haulage — usually by horses. 

Women arc the oldest boasts of burden in the 
world, and sli/' do most of the canying among 
savage tribes. Slave labour is notoriously 
associated with the ivory trade, eii'Tier and 
burden being sold together at the end of the 
journey. Slave labour is being eliminated by 
th''* progress of civilisation, but human carriage 
is by no moans at an end. On a limited scale, 
it .survives among ourselves. It may be the 
only form of transport possible under certain 
conditions, as, for example, in those parts of 
x\frica ravaged by the Ise-tse fly, whoso bite is 
fatal to animals. In the tropi(‘al forests to make 
and keep roads open is almost imp o.ssible, and 
human cariiagc must frequently lie resorted to. 

Human Carriers. Human transpoit is 
slow and dear. A slave must lie bought as well 
as fed, and as he may die on the march, a 8p(*c il- 
lative risk is incurred. A free port/Oi requires 
wages in addition to food, whicli an animal doe> 
not. Limitation is also sot by human strength. 
A man can carry only a given load. If part of 
this consists of his own food, the exj'iense becomes 
still more prohibitive. Alw’ays dear, human 
transport is oiily^ practicable in fertile regions, and 
then only on a very limited scale. Hence, such 
a region as our C'olony of Nigeria develops very 
slowly. There is abundance of valuable produce 
in the interior, but it cannot be got clown to th<‘ 
coast. The time would bo prohibitive, and the 
cost at the present rate would work out at about 
£10 per ton per 100 miles. 

Transport by human carriers therefore greatly 
hampers the rapid growth of trade, and can 
only le applied to goods w hich arc not perishable, 
anci where bulk is small ir proportion to the 
value. Such a tra/de is that in brick lea 
across the high mountains separating China 
from Tibet. In no country, howTver, is 
human labour so cheap as in the rice lands 
of China and India, and nowhere is human 
carriage so common. An economy is effected 
when man is made into a draught animal, for 
he can pull larger loads than he can lift. In 
China wheelbarrows are largely us(*d. Sails are 
somMimes attached to them, but rather to 
inci’eas'* the load than to lessen the labour. 
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Animal Carriers. Animal transport is 
also a very ancient mode of transport, though stiU 
in daily use among ourselves. It is both quicker 
and cheaper than the preceding, especially if 
draught are substituted for pack animals. The 
reindeer in the tundra of the Old World, the horse 
in temperate Europe, the mule in southern Europe, 
the ox in South Africa, the camel in the hotter, 
drier regions, are among the draught and pack 
animals of the world. The yak crosses the high 
passes of Tibet, and the llama those of the Andes. 
There are, however, the same limitations as in 
the case of human labour. Expense is enor- 
mously increased if part of the animal’s load 
consists of its own food. Hence the value of the 
camel where it can be used. Tins animal has 
fat -storing cells in its humps and water-storing 
cells in the coats of its stomach. Cases are 
recorded of camels remaining without water for 
two months. The average load is from 0 cwt. 
to 8 c'svt. The cost of camel transport in Man- 
churia has recently been given at from 1 Jd. to 2d. 
per ton per mile, while tiansport by mule or 
pony cart comes out rather cheaper. 

Before the introduction of rail\vay^, nearly all 
the transport of the woild was done by animals. 
Great trade routes crossed the Old Woild. many 
of which are now followed by railways. At 
the present time animal transport is chiefly 
used to get goods to the nearest railway or 
waterway. Tt may cost the American farmer 
as much to haul his grain to the railway as will 
bo paid for the rest of its transport to Europe. 
Hence, farming does not pay bejond a certain 
distance from a railway. 

Transport by Rail. Transport by rail 
is quick, reliable, and particularly suitable for 
perishable commodities. Though dearer as a 
rule than water carriage, it is far <‘}ieaper 
than either of f^he preceding. 

Three principal elements enter into the question 
of cost — (1) The initial cost of constructing the 
track ; (2) the cost of the locomotive and other 
rolling stock ; and (3) the working expenses. 
The examination of these in detail cloes not fall 
under the scope of geography. It may be 
pointed out, however, that the question of 
gradient and distance are of prime imjiortance 
in determining working expenses. It requires 
more power to lift a w’eight up an inclhie than 
to draw it on the level. Hence, other thingvS 
being equal, the route wdth the easiest gradient 
will bo chosen. An example of this is seen in 
the case of the recently-finished Simplon 
Tunnel. 

It was decided to pierce a long tunnel at a 
lower elevation rather than a much shorter 
tunnel at a higher elevation. The extra cost 
involved in hauling every ton to the higher 
level would in the end have more than counter- 
balanced the initial economy in the cost of the 
tunnel. Where a steep gradient is unavoidable, 
the rate charged is often prohibitively high. 
The cost of ascending Vesuvius by rail is £1 
for a journey of a few^ miles. Here, no doubt, 
the element of monopoly comes in, but the 
working expenses on such a line are necessarily 
exceptionally high. 


The shortening of the distance to l)e traversed 
fs almost as important as the easing of gradient. 
A longer route means an increased consumption 
of fuel on every journey, as ■well as loss 
of time. Hence, to reduce distance is to 
reduce cost. Economy of time is rapidly 
becoming the only real economy, and from this 
point of view such costly engineering works as 
tunnels through the Alps and the Andes pay 
in the end. Tunnels are even carried below 
estuaries and narrow arms of the sea to avoid 
the time and expense of unloading and reloading. 

Another element in reducing cost is the dis- 
tance hauled, long hauls costing relatively less 
than short ones. The cost of leading and un- 
loading is the same in both cases, so that this is 
another example of economy evcryw^hcro effected 
under modern conditions by economy of tini(‘. 

Transport by Land and Water. Tho 
total mileage of the world’s raihvays is over 
500,000 miles, by far tlie greater part being 
in Europ(‘ and North America. A through line, 
though not on a uniform gauge, crosses Europe 
and Asia from the Atlantic to the Pacific. 
Several lines cross North America, and in South 
America a transcontinental lino is in process of 
completion. A Capo to Cairo railway is projected. 

Tramsport, like manufacture, is passing into 
tho electric stage. Both trams and raihvays 
are now driven by elcctri(‘ity. 

Transport is carried on by liver, canal, lak(‘, and 
sea. The boat or ship replai'es tho animal or tlie 
locomotiie. It is the cheapest form ot carriagi' — 
(1) Because, except in the case of canals, no roads 
have to ho made and kept in repair ; (2) because 
a smaller power will move a given tonnage 
through the w^ater flian would suflice on the 
most perfectly -graded railw'ay ; and (3) because 
it is less easy to create a monopoly, and com- 
petition tends to reduce rates. Very heavy and 
bulky goods can often be (‘arried more cheaply 
by w^ater than by land wdien both methods are 
available. In the case of ocean commerce, there 
is, of course, no alternative to water carriage, 
though there may be a choice between tho use of 
wind power and steam or electric powiT. 

The Commercial Value of Rivers. 
Rivers are natural roads between the sea and 
the interior of a country. Their upper courses 
are often too swift and steej) for navigation, 
but in the lowlands they arc generally navigable. 
Their commercial importance increases as a 
country develops. It would be impossible to 
overestimate the value of tho Rhine to (hTmany, 
the Banube to Austria, the St. Lawrence to 
Canada, or the Yangtsc to China. 

Various causes lessen the value of a river as a 
means of transport. Its current may bo too 
swift, as in the Hwang-ho. It may be liable to 
floods, as the Loire. It may be too shallow, as 
the Elbe, which is not navigable in its upper 
course in dry summers. Its bed may be broken 
by falls or rapids, as at the Iron Gates of the 
Danube, now made navigable by blasting aw ay 
some obstructions, and making a canal to avoid 
others. All the African rivers suffer in this 
respect. Africa is a high plateau, falling by 
steep terraces to the sea. Over these the rivers 
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fall (o the coastal plains, forming falls. They are 
navigable above and beloM the‘=^e, but they are 
not natural routes from the sea to the interior. 

Another drawback is the tendency of rivers 
to form bars at their mouths. 'J’his is well seen 
in the ease of the Rhone. Tt has a large delta, 
and bars are formed at the mouth of all its 
distributaries. Aignes ^lortes, once a flourishing 
port, is now inland, and the port of the Rhone 
valley, ^larseilles, is east ot the delta. 

Thirdly, a river is of little us'^ for transport 
if the approaches to it are not good. This is 
illustrated by the Danube. The Rumanian 
bank is low and maishy, while the Bulgarian 
bank is high and above flood level. Hence, 
Rumania makes mu<*li less use of the Danube 
for transport than does Bulgaria. 

Again, it is a disadvantage if a river be ice- 
bound in winter, as transport must cease. 
When the St. Lawrence is frozen much trade is 
dnerted from Canadian to American ports. 
]\rost of the rivers of Eastern Europe, including 
the Danube, are icebound in winter. Siberia 
is handicapped in the same way, and the Amur, 
the other grt‘at river of Asintic Ru.ssia, is closed 
to navigat-on from November to April. 

Transporting Timber. A very primitive 
mode of river transport may still be seen on 
the Rhine, and on most of the rivers of Europe 
which flow’ from forested regions. The timber 
is made up into great rafts, which are towed 
or floated down stream. This mode of trans- 
porting timber is practised all over the world — 
in Canada, w^herc the Ottawa is the busiest 
timber river; in Brazil, where mahogany is 
floated dowTi stream ; on the rivers of Burma, 
w’hich carry teak ; on the Amur, where timber 
is floated down from the forest.s of .Manchuria ; 
and on the Yanglse, from the dense forests 
betw'cen China and Burma, On the last named 
river logs are floated do^vn in January, and take 
about six months to travel flOO miles. 

Few goods, however, W’ould stand such rough 
handling, and the usual method of transport is 
hy boats, which assume innumerable forms in 
different parts of the A^orld. In the chief 
commercial countries river transport is carried 
on by steamers of suitable draught. The 
estuaries of many rivers admit ocean-going 
steamers far into the interior. The Seine is 
navigable for ocean liners to Rouen, and to 
coasting steamers even to Paris, the Rhine to 
Coin, and to eoa,sting steamers to Mannheim. 
Compare this with the Rhone, w hieh is inaccessible 
to ocean-going vessels. 

Lakes. Lakes are of all sizes, the largest 
assuming the dimensions of inland seas. When 
of any size they are generally utilised for trans- 
port, which may be chiefly passenger traffic, as 
on Loch Lomond, or may include freight. 
Whether freight can be piofltably carried depends 
on various considerations, one of which is 
tran hipment. Where lakes do not communi- 
cate with the sea the traffic is necessarily local. 
In a country where roads are few the naviga- 
tion on lakes may he of great importance. 
Consequently we find steamers plying on Lakes 
Nyasa and Tanganyika in the heart of Africa 
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Where lakes are connected with the sea by a 
navigable river, the advantage for transport 
is obviously greater. No better example 
can be found than the Great Lakes of the 
St. Lawrence. 

The Commercial Use of Canals. 

Canals are artificial waterways. They include 
inland canals for river traffic and ship canals 
for ocean traffic. 

Inland canals are made to improve existing 
rivers, to connect navigable rivers with each 
other, or to avoid obstructions. The rivers of 
England and the Continent have been exten- 
sively cnnalised, and connected with each 
other hy canals. Sometimes the canalisation 
and deepening of a river bed calls a new port into 
existence. The deepening of the Clyde and the 
rise of Glasgow is a case in point. At the end 
of the eighteenth century there were only 
15 inches of water at Glasgow at high tide. To- 
day it is a port for the largest liners afloat. 
Similarly Montreal has been artificially made 
into an ocean port. 

Canals arc frequently made to avoid obstruc- 
tions to navigation. The navigation of the 
St. Lawi’cnce above Montreal is obstructed hy 
the Laehine Rapids, three miles long, now 
avoided hy the Laehine Canal, from Montreal 
to Laehine. This is nine miles long, and rises 
45 ft. hy means of five locks. There are alto- 
gether 42 miles of C'anals between Montreal and 
Lake Ontario. Other canals avoid the ob- 
struction between lake and lake. The Welland 
Canal, betw^een Lakes Eric and Ontario, avoids 
the Niagara Falls. 

Canals versus Railways. At the pre- 
sent time the canal question is exciting mu(‘h 
interest. In this country the canals have 
suffered from railway competition. Very primi- 
tive methods of canal transport are used, 
chiefly barges towed by horse power, and so 
small that goods cannot be handled in hulk, a 
factor in reducing expenses. The rate is very 
slow’, and can he profitably applied as a rule only 
to bulky goods not of a perishable kind, such as 
coal, or building stone. In view of the often 
repeated axiom tliat time saved is money saved, 
ean»l transport must be accelerated if it is to pay. 
A possible change of method is illustrated hy 
a short canal just opened in Prussia. 

The Tellow Canal, which is about 24 miles long, 
passes through the forests and lakes to the south 
and south-w’est of Berlin, and eonnerts the 
upper 8prec with the Havel near Potsdam. 
It shortens the distance for barges passing 
from east to west by the canals connecting 
the Elbe and Oder, and relieves the congestion 
of the river traffic through Berlin. The special 
feature of this canal, which is all hut unique 
n Europe, is the mode of traction. Electric 
locomotives, supplied with power from ov(T- 
head wires, run along the banks, and tow the 
boats in either direction. Each can tow 1,500 
tons at the rate of three miles an hour. [Sec 4 , 
page 2275.] The rates at present charged for 
towing are high, one penny per ton per kilo- 
metre {^th mile). The result of this new ex- 
jieriment in canal transport remains to bo seen. 
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Canals have declined owing to tlie competition 
of railways. For this geographical causes are 
to some extent responsible. A region suited 
for the construction of a canal is also well 
adapted for the construction of a line of easy 
gradient » which is inexpensive both in con- 
struction and working: Before the develop- 
ment of railways many hundreds of miles of 
canals were made along the valleys of eastern 
Pennsylvania to carry coal down to the markets. 
None of them are now important, for the whole 
route being on the down grade, the railways can 
carry it very cheaply, as veil as more quickly, 
and in greater bulk. 

Ship canals are made either to shorten routes, 
as in the Suez Canal, or to bring inland towns 
into direct communication with the sea. The 
Manchester Ship Canal was constructed at a 
cost of £15,000,000 to make Manchester a port 
and to avoid transhipment at Liverpool. 

Transport by Sea. Transport by sea is 
of unknown antiquity. At the davn of history 
we find the Phcenicians on the Syrian coast 
possessed of a great navy, and trading with 
all parts of the knovn world. Their ships w^re 
propelled by rowers, and sails were used only 
as an auxiliary means of power. Up to the 
beginning of the nineteenth century the w^irld’s 
ocean commerce was carried on entirely by sail- 
ing vessels. The first steamer crossed the At lantic 
in 1819, and ever since there has been a steady 
increase in the ratio of steam to sailing vessels. 

Steam transport is initially costly. In 
addition to the cost of the vessel, w hich is much 
more than a sailing vessel, there is the fact that 
machinery wTars out rapidly or becomes out of 
date, so that the life of a steamer is shorter 
than that of a sailing vessel. Further, there is 
the permanent charge for fuel. Tb(‘ fastest 
liners consume nearly 400 tons of coal a day. 
This expense has not to b(‘ met by sailing 
vessels. To counterbalance the heavier w’ork- 
ing expenses it must be remembered that a 
steamer can carry far more per annum, which 
makes for economy. As in the case of locomo- 
tives improvements in the construction of 
engines have resulted in a great economy of 
fuel, thus lowering rates. In some cases these 
are only half what they were 25 years ago. 

Where Steamers Beat Sailing Vessels. 
In addition to their greater can-ying pow’er, 
steamships possess another great advantage 
over sailing vessels. The latter are dependent 
on winds, and must often shape a longer course 
to get a favourable wind. The steamer is 
practically independent of wind, and can 
choose the shortest route. Nowhere is this 
better illustrated than in the case of ships 
on their way from the Indian Ocean to the 
Atlantic. The rates for towing in the Suez 
Canal are so high that most sailing vessels take 
the route round the Cape, though it is 3,000 
miles longer. A steamer, of course, does not 
require towage. The acceleration in delivery 
makes steam carriage the most economical for 
all perishable commodities. 

The introduction of steam transport has 
caused a certain oscillation in the situation of 


ports. Originallj", when all vessels w'cre sailing 
craft of limited size, the ports tendc'd to be at 
the head of tidal navigation. As steam came 
into use and vessels increased in size they were 
no longer always able to reach the inland port, 
and ports nearer the mouth of the river rose in 
importance. The ad^^antage of penetrating as 
far as possible into h interior was, however, 
ot such great commercial importance that the 
more important rivers of Europe were deci>ened 
and dredged to make them accessible to ocean- 
going steamers for the longest possible distance. 
Thus commerce flowed back again to the port 
nearest to the interior, which rose at the expense 
of its former rival at the mouth of the river. 

The Beginning of Towns. Ihe earliest 
settlements of man w'ore determined by ease of 
access to certain commodities, without which life 
is impossible. The t\AO most fundamental arc 
water and food. Next to tliese comes the pre- 
sence of some material fur making weapons. 
In our owm country primitive man made his 
weapons of flint, and tra^‘es ot early settlement 
are found all over the chalk counties of Britain. 
A second important consideration was ease 
of defenc(‘. This led to the forming of settlements 
on hills (Edinburgh), or on islands in a river 
(Paris), or on firm ground surrounded by marshes 
(Ely). So long as each settlem^ml w’as small 
and relatively self-sufficient, these tv\o con- 
siderations w'ore probably all important. Some 
simple form of exchange early developed, and 
along wdth it there wo^ an irresLtibK* tendency 
for settlements to grow up at certain points of 
vantage. Broadly s])eaking, these w'ere eon- 
cerned with the control of routes. A good 
example is the grow ih of a ^ iJlago at a point where 
a ri\er could be forded (Oxford), or bridged 
(Cambridge). The nucleus of what has become 
the greatest city in tiu' wa)rlcl was the lord of 
the Thames at Westminster, and the bridge 
across the river a mile or so below it. Another 
obviously good site is the confluenci^ of tw^o 
rivcis. Duisborg, Cf)blcnz, and Mainz are all 
confluence towns on the Hhine. At Nizhni 
Novgorod, at the junction of the Volga and the 
Oka, an annual fair is ludd, at w^hich the business 
of two continents is transacted. Where a river 
changes its direction an important town frcquiuitly 
grows up, owing to the convTrgence and diver- 
gence of routes in diifercnt din^ctions. Such a 
town is Basel, where the Rhine turns north across 
the Upj)cr Rhine* Plain. 

The command of land rout(*s is equally im- 
portant. I^ondon had not merely its ford and 
bridge, but it was at the end of the only prac- 
ticable routes across the otherwise impassable 
marshes. Towns naturally arise at the mouths 
of valleys (Heidelberg), especially w hen these lead 
to important passes (Turin, Milan, Verona). 
Towns also grow up at the mouth of gaps or 
depressions across mountain ranges (Salisbury, 
Winchester). Basel is at the end of the impor- 
tant route by the Burgundian Gate, so that 
two distinct causes have promoted its growth. 

The Beginning of Ports. Another series 
of towns is associated with the change from one 
form of transport to another. The most obvious 
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illustration is the ordinary seaport, where land linos of railway are built to it, new lines of 

and water routes meet. A large and important steamers make it a port of call, steadily increasing 

town almost inevitably growls up at the head the prosperity which originally attracted them, 
of navigation for large vessels, w here freight must One more aspect of the interesting question 
be transhipped from or to smaller steamers, of position may be noted. The greatest towns 

or to the rail. This explains the rapid growth may have their vicissitudes, and unforeseen 

of Mannheim. There wdll also, for a similar causes may for a time neutralise their indis- 

rcason, be a considerable port at the head of tidal putable advantages of position. A famous case 

navigation, the limit for any smaller vessels. If is that of Genoa and Venice, which, in the early 

the river be interrupted by rapids, transhipment Middle Ages, were on the great highway between 

may be necessary, and consequently a town Asia and Northern Europe. The Turkish con- 

wmII grow up (St." Paul in Minnesota, Detroit, quests in the fifteenth century interrupted this 

Montreal) Even under more primitive condi- trade, and struck a deadly blow at their pros- 

tions the same law holds good. Ta-chien-lu. the jierity. The discovery of the Cape route trans- 
centre of the tea trade between China and Tibet, ferred the advantage of position to the Atlantic 

ow'es much of its importance to the fact that ports, and Lisbon. Antw^erp, Rotterdam, and the 

here the tea is transferred to yaks, the beasts British ports successively secured the greater 

of burden on the high passes of Central A^ia. jiart of the world's trade. The cutting of 

The Position of Manufacturing the Suez Canal again made the Mediterranean 

Towns. The position of manufac'turing the highw^ay, and led to the rapid growth of 

towns is due to a different set of conditions. Marseilles, (^enoa, and in a lesser degree of Venice. 

Anciently they tended to grow up where raw^ There are those who maintain that its opening 

material and control of water jiowcr w^ere has been prejudicial to the interests of British 

both available, as in the woollen towns of ports, but this cannot be taken yet as proved, 

the Tweed valley, Yorkshire, the Cotswold. The Drawing of Maps. The illustra- 
the Ardennes and Saxony. The existence of tion on page 4514 show's three different maps of 

some other favourable circumstances might be the world, on which the British Empire is indi- 

the determining cause. Thus many of the eated by shading. 

Flemish rivers have sjiecial bleaching properties, 1. The Mercator projection is that most fami- 
and towns engaged in the linen manufacture liar. It has this advantage, that a straight line 

grew up along the Lys and other rivers. The drawn l)etween any two places on it represents 

most striking case is the rise of manufacturing the correct direction betw'ecn them. It has 

towns on the coalfields of Britain, Europe, and many disadvantages. The size of countries is 

the United States aft^er the discovery of steam greatly distorted. Compare Australia, nearly 

powder. The cotton towns of Lancashire possess 3,000,000 square miles, w'ith Greenland, some 

three adv'antagcs of position. Two ot them are 700,000 square miles. 

obvious — proximity to coal and to the cotton- 2. To get rid of this distortion the oval- 
shipping ports of tile United States. The third shaped map above it has been drawn. Australia 
is climatic. The humid atmosphere enables and Greenland are shown in proper proportions, 

a fine thread to be spun, an<i gives a better On it we may compare the size of different parts 

result than the artificial dampening of the air in of the British Empire. Notice that the distance 

drier districts. between the meridians at the equator is equal. 

Where several of these advantages are present The meridians of W. and 90' E. of Greenwich 
the prosperity of a town is more likely to be form the circumference of a circle. One dia- 

permanenl than where there is only a single one. meter of this represents the equator ; the 

Space forbids an analysis of the advantages of diameter at right angles, the meridian of Green- 
position possessed by the chief cities of the world, wich. The parallels are now drawn so that 

but in almost every case it would show that the area between two parallels is proportional 

these are very numerous. in the scale of the map to the area lietween 

The Advantages of Seaports. Unless these two parallels on the earth. The equator and 

the hinderland be poor, the balance of advantage each parallel is divided into eighteen equal parts, 

lies with seaports. A large population finds eni- nine west and nine cast of the meridian of 

ployment in handling the merchandise brought in Greenwich, each rejircsenling 10° and numbered 

and out. Every gi’ade of labour is represented, 0° to 90° W., and 0 to 90° E. Then the equator 

from the merely manual tasks of loading and and each parallel i*- prolonged east and west 

unloadmg, through the various agencies of dis- until the distance beyond the circle is equal to 

tribution, to the highest forms of administra- that from the meridian of 0° to the circumference, 

tive ability, which shape the destiny of whole Each part beyond the circle is divided into 
( ommunities by regulating the amount of capital nine equal parts, niimlx‘red from 90° to 180° W., 

engaged and the nuxle of its employment. As and from fo° to 180° E. The curves are now 

raw material and coal can l>e cheaply obtained drawn through all points with the same numbers, 

by sea, manufactures tend to develop, causing and the network is complete. This equal-area, 

a further increase ot wealth and population. or equivalent projection, is called Mollweide’s, 

I’his again reacts on tlie agencies engaged in and was invented in 1805. 

collecting raw" material and distributing the 3. The western and eastern hemispheres are 
finished product. Thus the seaport city tends not equal area projections, but the distortions ar^ 

to ac(|uire an ever increasing momentum. New not nearly so gi’eat as in the Mercator projection. 

Continued 
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square [1] or oblong b6dy would have six planes 
[2] for its envelope ; top, bottom, and four sides. 
This may be made by cutting from a single sheet, 
as in 2, then turning up the four sides, and turn- 
ing over the top ; or each piece may be cut 
separately. A hexagonal body [3] would have 
eight planes [ 4 ] ; top and bottom, octagonal in 
plan, and six sides, each of rectangular outline. 
This can be developed either as in 4 , or as 
in 5, the relations of each of which to the body 
are obvious. The can with tapering sides, a 
prismoidal figure [S') is enveloped as in 7. The 
comj)lete envelope [8] of an octagonal p 5 rramid 
is a simple form. The envelopes of the sides have 
their lengths. A, equal to the slant height of the 
pjTamid, and the widths, B, at the base are equal 
to the length of a side of the base. In obtaining 
the shapes of the envelopes in 1 to 8, the im- 
portant point to be sure of is the dimensions 
of length and width, and correct angles — right 
and octagonal, jind so forth. It is just a case of 
plain measurement with rule or compass. 

The development of a truncated pyramid is 
shown in 9. The pyramid is first completed as 
indicated by +he dotted lines, and then a length is 
marked off (M]ual in length to the slant height 
rc‘ciuired. The top and bottom octagonal sheets 
are exactly the same as those of a truncated 
pyramid in plan view. The construction in 9 
would complet<*ly envelop the body. 

In working out these, every face is a plane 
face, and the outlines are those of the faces 
looked at in a direction 'perpendicular thereto. 

Slant Height, This manner of looking at 
a figure is of cardinal importance, as w'c shall 
see subsequently. It will occur continually in 
speaking of the slant height of an object — that is, 
the dimension taken along the plane of its face, 
instead of along the axis of the body. The two 
only coincide in figures having their sides parallel, 
as in rectangular and cylindrical bodies, and not 
at all in pyramidal and conical figures and those 
derived therefrom. 

Tn vorking out many developments it is 
essential to bear in mind this difference in 
dimensions in the perpendicular and in the slant, 
or sloping j)ortions of figures of which 6, 7, 8, 
9, 10, and 11 an* typical. Taking a pyramid for 
example, it hardly needs demonstration to show 
that the perpendicular height is different from 
the slant height. The perpendicular height is 
shorter, the slant height of the edge is longer, 
and the slant height of the faces is different from 
that of the edges. In obtaining the development 
of tlie envelopes of such figures, the perpendicular 
height has no permanent place. It is only used 
as an element in the work of development, but 
both of the slant heights are required for the 
cutting of the actual sheet of metal. The rela- 
tions of these will differ considerably with the 
proportions of figures. 

Non«plane Figures. Looking now at 
the envelopes of figures that are not plane, we 
see that bending has to be done. For a cone [10], 
the envelopes are a sector of a circle, and a 
circular base. For a conic frustum [11] they 
are a segment of a circle, and two circles foi* 
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base and top respectively. For a cylinder [12] 
the envelope is one rectangular sheet bent to 
form the cylindrical body, and two plane ends, 
which are circles. 

The envelope of a globe is a complete sphere 
also. But such bodies are formed by taking two 
circular discs and beating or pressing them to 
hemispherical shapes, or by preparing small 
pieces called gores, and bending and uniting them. 

Methods of Bending and Hollowing. 
The question of bending and hollowing affects 
different trades in different ways. While a 
coppersmith easily hammers a sheet into a 
spherical form, the engineer has to bring power- 
ful hydraulic machinery to do such work on steel 
plates. In the absence of such aids he increases 
the number of joints, and so lessens the amount 
of dishing required on a single sheet. 

It might seem as though it would be easy to 
hollow a sheet of metal to any extent if the work 
be done at a high temperature. But such is 
not the case. In all work where metal or alloy 
is subjected to severe treatment, with much 
extension of its fibres, frequent annealings are 
necessary. To this rule there is no exception, 
either in thin sheets or in thick plates. Extreme 
examples are cartridge cases used for ammunition. 
These are drawn from solid sheets, but the work 
is spread over several stages with alternate 
annealings. It is in such work, of which this is 
an extreme though common illustration, that 
the shape and dimensions of the sheet cannot be 
obtained correctly by simple draughtsmanship, 
but previous experience of similar work is 
essential. 

Projections. The drawing of the w’orker 
in sheets and plates is essentially that of pro- 
jection, super added to plane geometry. It is so, 
too, in engineers’ drawing in general, but with 
this difference — the projections of the engineer 
are largely those of plans, elevations, and sections 
in directions perpendicular to each other. But 
those of the worker in sheets as often take place 
in planes perpendicular to sections taken at 
various angles with main axes. And what 

ttppt^ttis tu tut* u^giimur tu iiifti/tcrs 

is that many of the patterns of the tinman and 
coppersmith, zinc worker, and engineers’ plater, 
are not symmetrical, or right figures, but are 
unsymmetrical, oblique, or slant figures, and 
these again have their projections of sections 
taken at various angles. And then, further, many 
objects of manufacture combine right with oblique 
figures, and portions of the envelopes of different 
groups of solids. If the separate sheets be not 
marked correctly they will neither joint correctly 
as separate pieces nor connect up to each other. 

Once more, many cases arise in which, though 
it is known that an edge must be an arc of a circle, 
and though one could see how to strike it with 
compass or trammel, yet the radius is far too 
large to permit of this method. Then other 
devices are available, those of intersecting lines 
or of triangulation, by which accurate curves 
can be obtained step by step by constructive 
methods. And once the leading principles of 
development and projection are grasped, new 
problems are readily solved by a little thought. 
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Examples of Projection. Some ele- 
mentary illustrations of the principles of pro- 
jection, as they apply to the envelopes of bodies, 
will be of value before beginning practical pro- 
blems. They are simpler in sorne respects than 
those which deal with projection as a whole, in 
which (hicknessefi are constantly occurring, 
because sheet -metal may be considered from this 
point of view to have no thickness, and therefore 
one surface — an exterior one — only has to be 
considered 

The s{)liere is the only object w hich appears the 
same from all jx>ints of view and in all sections. 
Tii'^ same remark applies to the cube looked at 
]>erpendicularly to either face. In all other 
figures the projections are different. 

A cylinder [13] has two external develop- 
ments, that of the body [12] and that of the 
ends, circles. But if cut obliquely [13] its 
development is an ellipse. A square figiu*e [14] 
show^^ plane faces if viewed perpendicularly to 
its sid<‘S. but angular faces if projected from 
the angles. An oblique conic frustum [15] has 
two projections, that of its circular base, and that 
of a smaller '‘irclc corresponding with the piano 
of truncation, besides the foreshortened plan 
view. An oblique cone [16] projected has the 
appearance showm ; here, as in 15, we see at a 
glance that the projected plans, being fore- 
shortened, do not give actual lengths of tho 
envelopes, which must be obtained on slant 
heights. A conic frustum [17] projected gives 
tw'O concentric circles corresj)onding with base 
and top, and the slant in plan view. A hexagonal 
prism [18] has its true form projected parallel 
with the axis, but the equal-sided proportions 
do not appear if a projection be made per)en- 
dicular to a diagonal section. A rone has the 
conical form in elevation, the circle in plan, and 
the ellipse if cut diagonally across [19], besides the 
parabola and hyperlK)la if cut in other directions. 
The truncated octagonal p)Tamid [20] gives 
octagonal figures in plan, q,s shown, and tapering 
sides. The development of this was shown in 9. 
An octagonal pyramid cut in oblique section [21] 
develops an irregular octagon. 

The point to be noted in these figures is the 
alteration in form w'hich the projections at 
different planes indicate. With every increase 
in angle there results an elongation of form, and 
when joints have to be made to fit at certain 
angles the importance of exact methods of 
development on the projected planes is obvious. 

Simple Examples. We will now begin 
work on some of the simpler examples that 
ari.se. However varied are the shapes in which 
sheet- metal and plated work occur, they are 
reducible to a few elementary forms and com- 
binations of the same. These are paraUelopipeds, 
jrrisms, pipamids, cylinders^ cones^ yjolygons, and 
f<phcrefi. The prisms, pyramids, cylinders and 
cones may be right or oblique figures. 

Pyramids — Right Figures. We may 
dispose summarily of parallelopipeds and prisms 
because the dimensions as well as the forms of 
their envelopes are obvious [1 to 5]. Right 
pyramidal forms are also simple, but some 
explanations are necessary here. A pyramid 
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may be defined as a solid bounded by three or 
more triangles which meet at a point, and by 
the base, which is of polygonal form, having any 
number of sides. The height of the triangles 
must be taken on the slant lines, and a com- 
parison of the two figures [22 and 23] shows 
how essential is the amount of slant in deter- 
mining the forms of the triangular envelopes. 
If the pyramids be cut across the planes oa, 
we have truncated figures, and then the dimen- 
sions are required in the plane of truncation, 
and these are given by the projections in plan. 
In these figures each triangle, or wedge-shaped 
piece around the pyramids is like the rest, 
because tho apex is situated perpendicularly 
over the centre of the base. But if located 
elsewhere, the pyramid is an oblique one [24], 
and the triangles are of unequal lengths, ex- 
cepting those that correspond on opposite 
sides of the figure taken in the piano of tho 
paper. Tho methods of marking out, therefore, 
differ in the case of right, and oblique p 5 n’amid 8 , 
and, of course, of complete, and truncated 
pyramids, 8 and 9 respectively. 

Truncated Pyramids. Complete pyra- 
midal figures are seldom wanted, but truncated 
pyramids, or p 5 n‘amidal frusta, and portions of 
the same, occur constantly, alone or in combina- 
tion with other figures. Thun, taking one example 
by way of illustration, the pattern for a common 
octagonal tray with tapering sides is related to tho 
truncated pyramid. Fig. 25 illustrates such a 
tray in plan and elevation, to be made in ono 
piece, and though of polygonal outline, having 
small angular corners only. The centre lines, 
ab and c5, divide it at right angles ; e is the 
vertical height of the tray. Lay out one half 
the base [26] to tho same dimensions as in 25, 
and draw through its centre, c, centre lines 
ah and cd. Draw centre lines, 7/j, hi, 
through the corners, corresponding with hi, 
hi in 25. Now take the slant length fg 
[25] and transfer it to 26, to ag, hg, and 

dg. Draw the lines, aj, hj, djy dj^ per- 

pendicular to the main centre lines. Next 
take the lengths aj, hj, dj in 25, and 

transfer them to aj, hj, dj, dj in 26, which gives 
the lengths of the top edges of the tray sides. 

To obtain the lengths of the corner pieces, 
project the vertical height, c [25], to the small 
diagram on the right ; measure off the horizontal, 
or plan length, ih, in the upper figure and 
transfer to ih. Then the length of the slant 
line, fh, transferred to hi, hi in 26 will 

give the actual lengths of the corner pieces. 
Through hi the lines jj, jj, drawn at right angles 
with the centre lines hi, hi, will give the top 
edges of the comers. To get their length, 
measure off in 25, hj, hj, and transfer it to hj 
in 26, and draw tho lines shown to the corre- 
sponding lines that give the bottom of the tray. 

Pyramids — Oblique Figures. Taking 
now a few oblique examples, we must extend 
some of the fundamental facts already noticed 
as to the difference in perpendicular and slant 
heights of faces and edges. 

Fig. 27 shows a square oblique pyramid, the 
development of whioh is shown in 28. The 
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rt al lengths are not ah, ac, but the dotted 
lengths ab\ ac\ obtained by taking off the 
slant lengths in plan, a'h and a'c respeetively, 
and transferring them to the upper figure from a". 

The development shown in 28 is obtained as 
follows : As the eomers, A and B [27], have 
different lengths, measured from the apex, a, 
two radii are taken for these — the projected 
ones, ah', ac', and struck from a in 28. Take 
the length of one side, he, or ce [^7], and set 
it off four times |28], cutting the radii just 
struck, starting from ed, thence from dh, 
h^, and re. Joining these intersections with 
lines, and also ae, and e at the extreme right 
and left, will complete the outline of the figure, 
while the lines dotted joining ad, he corre- 
spond with the three angular comers of the 
figure, w here the sheet-metal is iient from the solid. 
The seams will be added down the sides ae, ae. 

Oblique Truncated Pyramids. The 
envelope of an oblique truncated pyramid 
1 30] with square base is illustrated in The 
essential construction, so far as the base and 
the slanting comers arc concerned, is exactly 
like that in 27 and 28, and the same reference 
letters arc retained, so that recapitulation is 
unnecessary. The top of the figure is determined 
by the cutting of the p3rramid by the plane CC 
at a definite height, that of truncation. 

Clearly, now, nothing more is necessary, 
having the complete pyramid already produe(‘d, 
than to take off a .set of measurements on the 
plane C(\ in addition to those on the base 
line. The set corresponding with the bas(‘ of 
♦he pyramid is obtained first as in 28, to which 
tlie same reference letters apply. 'J’he develop- 
ment of the top edge can be got either by taking 
lengths from ah", ae" |30], or by measuring up 
from h'h" and r'c" [30]. With these remarks 
the construction in 29 is clear. The seams are 
ridded from c"e [29J. 

Oblique Pyramids. The obliqu<‘ pyia- 
mid with octagonal base [31] resembles 27 in the 
manner of its development. It is necessary to 
have the base outlined correctly in plan, as in the 
low'cr portion of the figure. The real lengths of 
the slant angles of the corners of the figure are not 
the full lines in the elevation (upper figure), but 
the longer dotted ones adjacent, obtained by 
measurement from the plan view (lower figure), 
thus : a'e, transferred to Ac', a/d to Ad', and 
a'c to Ac', and the same lines, of course, answer 
for the length from a'g, h, and i res|X‘etively. 
The lengths Ah' and A/' are the same as a'h and 
a'l below, because obviously these do not slant 
awaff from the observer, but only in one direction, 
that in the perpendicular plane. 

To obtain the development in 32, take the 
successive radii [31] — namely, ah', ac', ad', 
ae', and af', and strike these radii in the 
manner shown in 32 ; the seam in this case has 
to be added on the inner angle ah' of the 
pyramid, though not shown. Then take the 
length of any side of the octagon, as he 131], 
and step that round six times between successive 
arcs, as shown in 32, b'c', c'd', etc. Unite 
the points of intersection with straight lines, 
which, with the lines ah', complete the boun- 
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claries of the enveloping sheet. The dotted 
lines from a to the ]mints of intersection are the 
seamless angles where bending is done. 

The truncated oblique pyramid with octagonal 
base [33] requires little explanation, following 
the previous examples, w^hlch include the 
essential features m its development. The base 
of 33 is developed in 34, as that of 32 is from 31, 
the same reference letters being retained. The 
truncated portion is treated like that in 29 and 
30 modified only by the difference in the reet- 
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angular and octagonal forms. A comparison of 
the reference letters in 29 and 30 with the in- 
structions already given will render the eon- 
etruction of the developed outline in 84 clear, 
■without repetition of details. 

Pyramidal Figures, with Apex 
Inaccessible — Right Figures. Many 
eases arise in which the taper is so slight that 
the apex is, for practical purposes, inaccessible. 
We now, therefore, give attention to other 
methods adopted, by obtaining certain points in 
triangular figures, which can be best explained 
bv a concrete example. 

The method of triangulation is based upon 
the fact that the perpendicular height of A, 
and the slant height B [35], and the diagonal C, 
are mutually related, so that one can be obtained 
from the other. In this case, as in 25, the slant 
height can be obtained by direct measurement. 
But if there were no elevation it can be got from 
the plan, thus : 

The slant edge, aft, seen in plan, the real 
length of which corresponds with B in elevation, 
is taken as a base line. On this the perpendicu- 
lar he is laised, and upon this the vertical 
height ftc, equal to the vertical height of aft. 
To obtain the length of the diagonal, C, draw 
the diagonal de on the plan \dew. On it 
raise the perpendicular df, and measure on 
that df, equal to the vertical height A of the 
pyramid, and draw the diagonal c/, wliich will 
give the true, or slant length of de; orC in the 
elevation. These lengths, ac and e/, are 
now employed to develop the envelope of the 
truncated cone thus ; In 36, a is a starting point 
in which the compass is set to mark the length 
of the slant height or, taken from ac in 
35, and the length also of a side of the base 
ae, ae, equal to the length ge in 35. The 
length fe of the diagonal face 1 35] is taken, and 
set off from ce and e in 36. The lines ac, ac, 
will 1 k' drawn to intersect the distances ae with 
ce. From e and c, set off arcs // equal in radius 
to ac, equal to B, the slant height of the figure 
35. Take the length bd of a side of the upper 
face [35], and set that off from cf, /. Draw 
lines, cf, cf, through the points of intersection. 
The remainder of the envelope is obtained by 
repeating these operations. 

An Alternative Method. Another 
method, in which the essential development by 
triangulation is similar, is illustrated in 37 and 38. 
In 37 a line, oft, is drawn equal in length to the 
base length of a side of the pyramid, and pro- 
longed to right and left. From a as centre, and 
radius oft, describe a semicircle and divide it 
into half as many equal parts, by c, d, as there are 
faces to the pyramid — three for a hexagon, four 
for an octagon, etc. Draw the line ac through 
one of these points of division ; aft, ac 
now represent the lengths of two base lines and 
cab is the angle which they make. The length of 
the bounding lines on the upper or smaller end 
of the frustum of the pyramid is obtained 
by setting off the length of a side from ae, 
and drawing a line e/ parallel with ad. From 


/the line fg is drann parallel with ae, and fg is 
the length of a side on the smaller end ; gh 
Ix'ing drawn parallel with ah, and equal in length 
to gfi gives the length of the side adjacent. The 
figure bcu^fgh is a plan view of two sizes of the 
figure required, but it does not as yet give the 
slant height of the sides and edges. These are 
obtained by the triangulations of the previous 
figures. 

To obtain the slant height of the faces, let 
fall a perpendicular from gj, set off jk equal 
in length to the perpendicular height of the 
frustum of the pyramid. Then the length kg 
will give the slant height of the face, indicated 
in plan by gj. To obtain the slant height of the 
edges, draw gl perpendicular to ag, and equal in 
length to the perpendicular height jk. Then a/ 
joined will be the slant height of the edge ag. 

The developed pattern [38] is obtained thus : 
Draw the line ol equal in length to the line al 
in 37. Then from a as centre, and radius aj, set 
off the arcs j, j in 38. With I as centre, and 
radius equal to kg [37], draw arcs intersect- 
ing jj, at jj, and draw lines from a through 
these points, prolonging them to ft and c. Measure 
the length aft, oc, equal to the lengths aft, ac, 
and If, 111, equal in length to gli, gf, in 37, com- 
pleting the development of two sides of the 
required frustum. 

Pyramids — Oblique Figures. If, for 

any reason, a truncated oblique pyramid cannot 
conveniently be developed to the apex, as in 
39 and 40, triangulation is available which we 
have just applied to right figures. Fig. 39 
illustrates, we will suppose, such a p 5 rramid in 
plan, and of which we know the height of the 
figure. A lino ij is dra'wn on the front 
and on it another, jk, is raised, equal in height 
to the height of the figure. The diagonal, 
ik. then equals the slant height of the frustum 
on the outer face A. For the slant height of 
the faees B, draw the diagonal bg, on it 
raise the perpendicular gl, also equal in 
height to jk. The diagonal hi then equals the 
slant height of the faces B and B. To obtain 
the slant height of the face C — that is, the face 
bounded by the corners, a, ft, e, f — draw the 
diagonal af, on it raise the perpendicular fm 
equal in height to jk, and the diagonal am will 
equal in length that of the slant face C. 

The development is showm in 40. Draw a 
line ik equal in length to ik in 39, and draw 
two lines at its terminations at right angles 
with it. On these lines set off the lengths 
cd and gh, corresponding with those in 39. 
Take the diagonal bl in 39, and strike radii 
■with it from gh [40] to oft. Measure the length 
of the sides, ad and cb, and strike radii ■with these, 
cutting those just struck at aft. Join (td and 
eft. Draw eh parallel with ad, and gf parallel 
with eft and equal in length to gf and he in 39. 
Take the diagonal am in 89, and strike an arc 
from fm [40]. Draw hm of length cd to inter- 
sect, and draw fe parallel with hm. The lines 
me, ae, will complete the boundary of the pat- 
tern outlines, and the dotted lines ft/, eg, and 
dh are the angles for bending. 
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By Dr. A. T. 

'THE normal man, liko ‘‘ tlu* average men," 
ift a being often heard of but seldom seen, 
because he rarely exists. Like pure air or pure 
water, he is supposed to be a commonpla^'e, 
whereas in reality he is a great rarity. 

There seem to be sound psycho-physiologi<^‘al 
and even anatomical gi’ounds foi the tripartite 
division of man into spirit, fcoul, and lody. 
The brain itself has naturally a threefold 
division anatomically, as pointed out by Dr. 
Hughlings Jackson. There is the cortex or surfa-'c 
of the brain in hemispheres, the mid-brain, 
composed mainly of two great masses respec- 
tively concerned in motion and sensation, and 
then there is the third and lowest — the medulla 
and upper part of the spinal cord. That these 
three regions are broadly connected with thre(' 
parts of man is shown by experiments on frogs 
and pigeons. It is found that a pigeon from which 
the eortex, or seat of the intelligence, or spirit, 
has been removed can still perform all the func- 
tions of animal life and physical existence, 
but it has lost the directing, guiding intelligence. 
It hies, but cannot direct its flight, and acts mere 
or less like an automaton. If the mid-brain be 
removed, the animal life goes, and bare existence 
remains. The bird can no longer fly or seek 
food, but if fed, can exist. 

The Three Parts of Man. We may 
thus anatomically and physiologically and 
psychologically so.y that with the cortex we Iwe 
(spirit life), with the mid-brain we moi'e (animal 
life), and with the medulla wt exist (lody life), 
or. in the w’ords of the great Christian apologist 
on Alars Hill, " In Him wt lire and move and 
have our being. A man, therefoi’c, must be 
regarded as a tripartite being. While mainly 
concerned with physical health, we seek to give 
due weight to intellectual and moral health, 
and, taking a broad view% deem no man in 
health w'hose spirit or soul is sick, though the 
lody may be sound. 

‘Tn good health," says one well-knowm 
hygienist, broad enough to survey man as man, 

“ there must be the capacity and desire for every 
kind of prolonged physical exertion with skill, 
ease, and pleasure. 13ut this is not enough. 
There must be the capacity and desire for every 
kind of prolonged intellectual exertion with skill, 
case, and pleasure. But this is not enough. 
There must be the capa-^ity and desire for every 
kind of prolonged spiritual activity with skill, 
ease, and pleasure, and there must be evidence 
that all three divisions arc in health." 

Not that the three divisions are equal. Mr 
Eustace Miles has graphically showm their true 
relations somewhat after this manner : 

In health, spirit contrcls the soul, v'hieh con- 
trols the body. 
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In ill-health, body controls the ^oul, which 
controls the spirit. 

In other words, a strong body obeys the mind, 
a w'eak one rules it. 

The Healthy Man. In full hc'alth a man 
lives as simply and cheaply as he can. Then' 
is self-control and purity, patience, candour, 
altruism, contentment, and happiness. He is 
healthy in all circumstances, and, even if the 
balance be upset by bad environment, the* 
healthy man soon unconsciously compensates, 
and the balance is restored with ease. 

Health, it has been well said, is a constant 
equibration rather than a constant equilibrium — 
that is to say, there are daily variations, and 
constant osciflations, and not a flxed condition. 
Health is like a block of wood with many sides ; 
so that whichever way it is pushed over, it 
stands equally well. The healthy man controls 
his circumstances, and is not controlled by them. 
Ideal health is largely independent of condi- 
tions. The athlete is not a healthy man, nor 
the student, nor the saint. Each one has a 
tendency to develop one part of himself at the 
expense of the other two. The I’ecent develop- 
ment of colour photography is a good illustration 
of this. There are three colours in nature, 
as there are three parts in man, and any scene 
that has to be photographed in colours has to 
have three exposures, each one made by cut- 
ting off tw o-thirds of the light, which, of course, is 
itself made up of all three colours. These ex- 
} osures are then printed in red, yellow % and blue, 
and when one is shown on a screen wt get the 
landscape in shades of red, when the yc'Uow is 
superimposed w^e get the orange and yellow 
tints added, but all is glaringly unlike Nature. 
But the moment the third part, the blue, is 
added, all falls into perfect harmony, and we 
get the browns and greys, and all the subdued 
half tints of Nature herself. So with man; 
it is not until we get the three parts— spirit, soul, 
and body — superimposed, and all in healthy 
development, that we can see and know what 
is a true man. 

The Physical Man. What, then, is a 
human being physically ? If a man, he is, in 
the perfection of civilised life in this twentieth 
century, an individual six feet high, weighing 
thirteen stone. In certain manufacturing districts 
he is only five feet one and a half inches, and 
averages seven and a half stone in wi'ight. All 
averages, however, are being now* constantly 
exceeded, and must soon be raised. At birth, 
if a man, he will now' expect to live only for 
45 years, if a w oman, for 47 years, although it 
is believed that his full span of life should be 
105, or five times the period of his growth. He 
is essentially a unity, and yet a unity in divers'ty. 
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A Unity in Diversity. It will, of 
course, occur to all that he is a trinity in 
unity, a compound of body, soul, spirit, and 
yet but one man, one personality. A collection 
of divers machines of complex structure, and 
constructed of lieterogeneous materials, all 
crumbling away at different rates, he yet moves, 
and acts as an ind(*pendent unit, governed as 
regards the life of his body by the one unify- 
ing fa tor, the unconscious mind ; as regards its 
a tions by his conscious mind, the two forming 
but one mind, one character, one ego, and the 
vhole, with the body, forming one person — nuui. 

This man, if he survives the first t^^o or three 
years of his life, w ill probably live to 75 instead of 
to 45 ; and his life would then be divided into 
three stages of about 25 years each, the first lieing 
growth, the second maturiti/, and the third decay. 

The height and minimum w'cight of those men 
who do not reach the high standard of six feet 
and 13 stone, if in perfect health, are as follows : 

5 ft 6 in. — 10} stone. 5 ft. 0 m. = llj stone. 

5 ft. 7 m, = 10| „ 5 ft, 10 in. - 12 „ 

5 ft. 8 in. = 11 „ 5 ft. 11 in. = 12} „ 

The jiointB to look for in man are height 
in relation to weight, perfection of movement, 
and sensation. 

The Slaughter of Life. As to physique, 
it must be remembered that the measurements 
we have given are far in excess of those of 
ancient times, for the riice is supposed to in- 
crease, as we have already said, in stature in 
civilised countries at the rate of 1} in, in every 
1,000 years. Not only so, but, low as the 
average of 45 years out of a possible 105 may 
appear, it is really a very great advance over 
that of 36 in the early part of the nineteenth, 
or 20 in the eighteenth century, and is mainly 
due to the increase of private and public hygiene 
everywhf^re. It is probably an understatement 
to say that hygiene saves now some 120,000 
lives every year. And yet to-day the needless 
mortality amongst infants (some 50,000) is 
terrible and shameful, for the low average of 
45 years is mainly due to the enormous infant 
mortality that jiersists. When all babies under six 
months old drink nothing but clean milk infant 
mortality will at once be reduced by one-half. 

Occupation Inis a liearing upon the health and 
longevity of the man, as this table shows: 



only people who live the right time according 
to the present average ; that is, that they die at 
the rate of 100 per cent., and at 45 years of age. 
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Why People Die. The clergy head the list 
and live nearly twice as long as the average. 
They come of a good stock, are temperate 
in habits, and have a small but assured income. 
Free Church ministers die a little faster. Farmers 
live long, but would show up better if they 
spent less money in drink. The agricultural 
labourer’s favourable lot in life (only three- 
fourths of the average death-rate) is all the 
more striking when contrasted with that of the 
town labourer (the lowest but one), who dies just 
twice as fast as he should. Grocers owe their 
higher death-rate to the spirits they consume. 
Law^yers are well off, but it is found that after 
45 they die off more quickly than they used to 
do, probably from increased strain of life. 

Drapers die mainly from consumption, owing 
to the amount of dust in their trade, which 
makes it less healthy than that of a grocer. The 
health of coal miners, which is surprising, is prob- 
ably due to the fact that only strong men enter 
the colliery, and to the harmlcssness of coal dust. 
Artists owe their higher mortality to the fact 
that w'ith them are included engravers and 
Hculptorh, among whom the death-rate is high. 
Bakers die usually from drink and suicide. 
Clerks occupy the average, as we have seen, and 
their death-rate is much lower than it used to 
be, owing probably to better ventilation of 
offices and increased exercise. 

The table ranges from the clergyman, with a 
mortality of 55 per 100, to the pot-boy, with 
220 — a difference that needs no words to show 
the value of hygienic influence. Nevertheless, 
as a whole, this table, composed in 1885, shows 
an improvement over previous ones that is 
equivalent to an addition of 2,000,000 years 
of life annually to the nation. Since then the 
improvement has continued steadily. 

The Perfect Man. A man “in order” is, 
then, as a whole, one free from disease, func- 
tional or organic, whose weight bears a certain 
relation to his height and general physique ; 
w4io leads a healthy hfe, and pursues, if needed, 
some healthy calling ; who is temperate in all 
things, avoiding intoxication, physical, mental, 
or moral ; who gives duo balance of work to 
both physical and psychic natures ; to whom 
every morning is a resurrection, and whose 
life is one of perfect personal ease and action 
both in mind and body. All his three natures 
are in perfect harmony, so that internal discord 
is unknown ; and lastly, but above all the rest, 
he is “ in tune with the Infinite.” 

The personal appearance of this man will be 
the mean between fat and thin ; his shoulders 
will be broad ; his hips lean ; his chest well 
developed; his hair probably brown in this 
country — for, comparing the proportion of the 
different shades of hair, there aw about eight 
brown to every six either light or dark brown, 
or four fail , or twn either black or flaxen, or one 
red. He will have a clear, bright eye ; a frank, 
noble, pure expression ; a clear, soft, unwrinkled 
skin; elastic arteries, with good heart, lungs, 
and liver, good digestion, and perfect sight and 
hearing. 
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Manhood in its perfection may be said to 
extend from 25 to 55 years of age, the whole of 
which time should be a period of perfect health, 
equally free from the dangers and diseases 
attending youth and growth on the one hand, 
and those attending old age and degeneration 
on the other. Absolute perfection may bo said 
to be attained about 40. 

Marriage and Health. The best time 
for marriage is — for woman, 
from 21 to 28, the limits being All (’lasses 

20 to 35 ; for a man, 28 to 


on the cofToe and roll a French wf»/kman does 
only some 250 to 300 foot -tons of work as 
compared with the Englishman’s 500 on a better 
breakfast. 

But it is not only the habit of eating too 
much that has to be resisted at this age : there 
is the question of drinking. Strict moderation 
is increasingly imperative in the wear and tear 
of modem life, and a very careful watch should 

(illlLS. 

Upper ( 'lasses (nily. All (’lasses. 


35, the limits being 24 to 40. 
For a happy marriage there 
should be some contrast 
between the pair, but not too 
great a difference in tastes, 
position, temperament, age, 
size, and race. Neither 
should be seriously diseased, 
and if healthy up to the age 
of marriage, the fact of being 
the offspring of diseased 
parent or parents is not a 
sufficient bar to union. The 
marriage of healthy cousins 
is sometimes detrimental in 
one generation, but, if per- 
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sisted in for several, results in 


a dwarfed and deteriorated race. A tov/n dweller 
of three generations should certainly marry into 
a country stock. The health of the parents is of 
the utmost value to the offspring. Hence nerves 
should be kept in order in married life, not only 
for selfish, but for altruistic reasons. All ex- 


be kept against the gro^Uh of any habit-^ at 
this period ; for it needs but on(‘ or two evil oin*s 
to wreck fatally the most promising life. 

As to dress, a fiannel belt is of value, and is a 
protection in many vays. It must l>c* remem- 
bered that fat does not lessen the risk of taking 


excesses of body, soul, or spirit should bt' carefully 
avoided, and modf'ration and temperance in 
all things should l)e practised. When tlie food 
is scanty and poor, boys are likely to prepon- 
derate ; where plentiful and generous, girls are 
most numerous. 

Marriages are not so fruitful if the man is 
younger than the woman, or more than Ifi 
years older. The boy and girl unions amongst 
the less educated are the great cause of the 
infant mortality. A woman reaches her per- 
fection at thirty-five years of age, a man at 
forty. At this period of life many of the 
rules of hygiene have to be radically changed. 
As long as the body was growing one could 
hardly eat too much food, but now abstinence 
is the rule, and the weight once fixed should 
be by no means exceeded. 

The table on this page gives the approximate 
weight of men, women and children at different 
ages (clothes average 7 lb., or 6 lb., without 
shoes). 

With regard to food, the majority of us eat 
too much. A man should be most strict not to 
exceed his settled weight as shown by the scales. 

What we Should Eat. It is well to 


cold but rather increase's it. 

Bathing in ic‘ 0 -cold water is not advi>able 
after 35 or 40, but the coldest water is aluays 
safe when standing in hot. The hair should not 
be constantly wetted, as this tends to baldness ; 
but the vhole lK)dy should be bathed every day, 
and washed with soap once a week. 

The bodily powers, as measured by the force 
of respiration and circulation, vary very much in 
the twenty-four hours, and there can be no doubt 
that two o'clock in the morning is the weakest 
time of the t>\enty-four. Tt is the hour of 
most birtlis and most il(*aths. 

These diagrams show tlu' varying force of 
respiration and circulation through the day: 



eat a good breakfast, a good luncheon, and a 
plain and somewhat scanty dinner. Both the 
digestion and assimilation get weaker as the day 
goes on. The French breakfast at twelve or one 
o'clock is too lato for English habits, and the early 
roll and coffee is not enough by itself to do a 
morning’s work on. It has been found that 


DAY CYCLE IN HEALTH D\V CYCLE IN PHTHISIS 

In these diagrams the dot represents death 
or the stoppage of life ; the inner line is that 
of respiratory force, the outer the circulator 3 \ 
Tlie life should lx* conducted so that thcie 
is neither gain nor loss, but an even weight for 
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30 years at least. A long journey every day by 
train is certainlj^ bad, and a great strain on the 
nervous system. For sedentary occupations 
it is of great value to be able to walk to and 
from business. If there is difficulty about 
going to sleep at night a good plan is to rise 
half an hour earlier each day until you go to 
sleep as soon as you go to bed. 

The Three Dangerous Ages. 
Avoid all irregularities and excesses, .strains 
on the heart, worry, loss of sleep and obesity. 
There arc said to be three periods when one 
is prone to sickness — at 36, vhen the lean tend 
to get fat, and the fat lean ; from 45 to 50 the 
climacteric ; and at 01 another crisis occurs, 
when the powers of life may suddenly fail. 

In spito of the rush of people from country 
to town, in spito of the enormous size of London 
and the growth of all our cities, e\ery generation 
at the present day lives in the aggregate millions 
more years than in the “ good old times. ’ 

The difference between the pre.sent time and 
fifty years ago may be well sho^^^l. Out of a 
million men bom 62,000 are alive at 20 years 
of age who would then have been dead ; at 
50 the fc ime number ; while even at 70 we have 
over 15,000 to the good. Surely this shows th(‘ 
solid value of health laws in adult life ! 

It may be said that in this country, at the 
age of 20, over 2,500,000 people are living now 
who, 50 years ago, out of a similar number of 
the same age, w^ould have Ix^en dead ; and 
when w'e know that each person on an average i^ 
said to be worth £156, this represents an addition 
of nearly £400,000,000 to the assets of the nation 
So that hygiene pays its way. 

We are constantly lieing wwned of the ill 
effects of the present rush of life. Diseases <4 
the nervous system are incTcaMng, and diseases 
of heart and lungs and liver are rife ; but zymotic 
diseases are much few'cr, so that we die now rnoie 
from wearing out some part of the body than 
by a premature poisoning by germs. 

Town Life and Health. On the whole, 
life was never so safe from fatalities as at present 
At any single year up to 79 there are more sui* 
vivors out of any given number than formerly ; 
but, curiously enough, over this there are few'(*r, 
and this is said to be mainly due to the modern 
preference for towm life. The increase of mortal- 
ity due to this cause is amazing. If a labomer 
comes to towm he takes, on an average, 20 years 
off his life. At 65 years of age, out of J(K),000 
persons born, nearly ^0,000 more are alive in the 
country generally than in a large town. 

As hygiene lengthens our days, we cut them 
short by our town lives ; and it w’ould be greatly 
to be regretted if mcTe length of life represented the 
greatest desideratum. But this is far from being 
the case, and, doubtless, a large number of those 
who spend their years in town can show how 
much they and others have benefited in other 
ways even if they have lost somewhat in length 
of days. There is, however, a far better prospect 
for healthy manhood than there ever was before ; 
for not only arc the years longer, but they are 
much more healthy and more enjoyable. There 


can be no doubt that the modern appliances for 
saving time and wear and tear liave greatly 
lessened the evils produced by the greater rush 
of life. 

Care of Old Age. Now, as to the care 
of old age, the chief points are moderate 
and digestible food, sufficient warmth, and an 
even and quiet life. The chief of the three is 
the food, or fuel for the lamp of life. While all 
fixed dieting is bad where it can possibly be 
avoided, a few hints can be given that may prove 
of value. The older a person is after 50, the 
l(‘ss food he requires. Luigi Cornaro, who live i 
t-o 100, though of a feeble constitution, took 
12 ounces of solid food and 14 ounces of fluid 
daily during the latter part of his life ; and his 
most severe illness was caused by his increasing 
his allowance, through the continual entreaties 
of his friends. Very little proteid or animal 
food is required, and though in many respects 
false teeth are a great boon to the aged, they 
may lead to too great a consumption of animal 
food. It is not the amount of coals we put in 
a grate that warms the roim, hut the ammut 
that mn he hvrnt ; and the great point is to 
avoid choking the digestive and excretory 
organs with excess of food. The food of the 
nursery is the best in old age. Bread -and- milk 
and honey is a capital diet. Milk agrees with 
nearly all. Hot milk with a little Mellin’s 
Food forms an admirable drink at night, and can 
be kept warm in a hot-water jug covered with 
a cosy. Fruit is wholesome if ripe or well 
cooked. Fat, as cream or fresh butter, is 
good. Warm food is very suitable. Soup 
enriched with cream or marrow is light and 
nourishing. All meals should be regular, and 
oil excesses avoided If weight is Vicing gained 
the diet should be decreased. In addition to the 
after-dinner nap, as years creep on, a doze after 
breakfast and before dinner is often helpful. 

Clothing and Warmth, Clothing should 
be both warm and light. The underclothing 
should be of vool. Fur is an adnurable 
material. A sealskin waistcoat is ubcfiil, and 
the feet and hands should bo well and warmly 
clothed. An eider-down quilt on the bed, 
which should be warmed in winter, is a good 
covering. No aged person should be suffered to 
get cold in bed. The warmth of the bed is of 
great importance in old age. A warm bath should 
be taken every day, and a warmer bath, with 
jilenty of a pure mild soap to keep the skin 
.supple and soft, should be used twice a week. 
It is better for old people who have the oppor- 
tunity to winter in the South of Europe, if 
possible. If not, the aged should shut them- 
selves up in a well warmed house at this 
season. 

The rooms should be at a temperature of 65"^ 
to 70° The habits of old people should not bo 
lightly altered. Whatever excites exhaustion 
should be forbidden ; early rising is, therefore, 
bad. Hard drinking-water is not good, as it 
tends to hasten the calcareous changes in the 
body. A fixed diet should not be rigidly adhered 
to: variety is often essential. 
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GLASS AND GLASS-MAKING glass 

Nature and Properties of Glass. Manufacture of Glass Pots. The Furnaces. 1 

A Series of Recipes. Annealing and Hardening. Crown and Sheet Glass 


IT is not within the scope of this article to trac'c 
* the history of the manufacture of glass. It 
will suffice to note that the first window glass was 
made in England at Crutched Friars, London, 
in 1557, and fine articles of flint glass soon 
afterwards at Savoy House. The first sheets of 
blown glass for looking-glass and coach windows 
were made in 1673, at Lambeth, by Venetian 
workmen. The abolition of the Excise duties on 
glass, in 1845, may bo considered the starting- 
point of the modem glass industry in England, 
wliich at once expanded into an enormous 
trade. 

What is Glass ? Glass may be defined as 
a non -crystalline, transparent, solid substance 
produced by melting at a high temjK'raturc 
silica^ or a similar body, with an alkali. In 
place of silica borates and phosphates have l)een 
used, and the term alkali must be taken in its 
most elastic sense to include alkaline earths 
such as lime and baryta. 

It is usual to regard glass as insoluble in 
water, although it is not so, strictly speaking, 
infinitesimal amounts being soluble. Alkaline 
solutions have a slightly greater solvent j) 0 WTr on 
glass than water, but acids act but little on 
glctss with the exception of 
hydrofluoric acid. 

Age and Weather Affect 
Glass. The weathering of 
ancient glass incathedi’al win- 
dows is due to the decomposing 
action of atmospheric moisture, 
and a s}H*cial “ disease ” of old 
glass has been traced to a fun- 
goid growth. Th(‘ iridescence 
of old glass is due to exposure 
to moist air or damp earth for long periods. Sir 
William Crooks has traced a curious lavender 
coloration of glass to the action of ozone in the 
air. The brittleness of glass will occur to the 
reader as one of its most characteristic features ; 
but curiously enough, glass drawn out into lint* 
threads is quite flexible, and a mixture of glass 
and silk has been used to make a fabric of 
exquisite sheen. When hot glass is rapidly 
cooled it often breaks, because it is a bad con- 
ductor of heat. The exterior surface of the glass 
cools more rapidly than the inner portions, un- 
equal contraction and usually fracture resulting. 
The thinner a glass vessel is the less liable it is 
to break. It is quite usual for chemists to put 
boiling water into thin blown vessels without 
any untoward results ; but as soon as thick- 
walled vessels are submitted to similar treat ment 
trouble begins. When newly-made glass is allowed 
to cool quickly great tension is put upon the 
various strata of glass so that if such a vessel 
be scratched it flies to pieces. This effet't of 
tension is overcome by cooling glass slowly, tlie 



1. OPEN POT 
FOR PL^TE AM) 
SHEET (,LASS 


whole process IHng knowm as avvealing. Gla^s 
is impervious to gases and is a bad conductoi 
of electricity. 

Glass Pots. The crucibles in w hich the glass 
materials for making pots are melted are made of 
fireclay and require the greatest care in the manu- 
facture, as imi)erfections lead to fracture of the 
pot and consequent waste of glass. In Great 
Britain the most famous fiieclays arc thos(‘ 
from Stourbridge and Glenboig, near Glasgow. 
Other famous fireclays are obtained from 
Forges -les-Eaux in France, Namur in Belgium, 
Sargtmaii in Switzerland, and Schw^arzenfel in 
Bavaria. In the Ihiitcd States the Missouri 
plastic clay.s are chiefly used. The composition 
of firerlay is mainly silica and alumina com- 
bined with a small percentage of water’, which 
last-named, Ix’ing exi^elled in the drying and 
annealing proi’css causes a considerable amount 
of shrinking in the pot 

Preparing Fireclay, The virgin fireclay 
is carefully picked over to remove impurities, 
dried, ground, and sifted. To eounternct the 
shrinking of the pots a proportion of old glass 
pot or ground burnt clay is always mixed wfith 
the raw fireclay. A mixture such as the follow- 
ing is used : (Ground pot scrap, 3 parts : ground 
burnt clay, 4 jrarts ; ground raw clay, 6 parts. 
Tlie.se ingredients are carefully mixed and sifted 
and measured into a lead or zinc-lined trough 
The mass is then damped with water, allowed 
to stand fur two days and kneaded. This 
kneading is accomplished by workmen tramp- 
ling in the (‘lay from side to side of the tank, the 
w'arrnth and elasticity of the naked feet Ireing 
considered liettcr for developing the plasticity 
of the clay than the pug mill sometimes em- 
ployed. The treading is repeated at intervals, 
some months being allow^ed for the material to 
inatur(‘. There results finally a dense plastic 
clay from which the pots are 
fashioned. The w orkman makes 
the clay into rolls, taking care 
that no air cavities arc lett, and 
liegins modelling the pot on a 
board or stone covered with 
_ granulated pot scrap or burnt 

2. (i.osET) I'OT clay. The roll of clay is laid in 
FOR FLINT (.Lvss a Spiral manner, the ('dges being 
scored to promote adhesion 
of the separate layers, the bottom and sides 
of the pot l)cing in this way gradually built 
up. The tw'o kinds of pots are illustrated in 1 
and 2, the former 1 icing the open pot used 
for plate and sheet glass, the covered pot 
being the kind used for flint glass-making. 
The drying of the pots is very carefully regulated, 
the process occupying from four to 21 months. 
The final process consists in annealing the 
pots by heating them for a few' days gradually 
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to red heat and glazing. The interior of the pot 
is glazed by thro^^^ng in a quantity of broken 
glass just before use. The coating thus given 
protects the clay from the action of the alkali 
used in meltings. 

Melting Glass. Glass is melted in a modi- 
fied form of reverberatory furnace, gaseous fuel 
being employed. The furnaces are constructed 
upon the general principles of obtaining the 
most intense heat possible, regularity in main- 
taining this heat, and 
economy of fuel. Silica 
bricks, which are quite in- 
fusible if kept free from 
alkali, are used for the 
most exposed parts of the 
furnace, but fireclay bricks 
of the most refractory kind 
are the general material of 
wliich the furnace is built. 

The fireclay is mixed with 
ground flint before being 
m.ide into bricks, and the bricks are used 
w'thout previous drying. The bricks are bound 
together with iron. After building, the furnace 
is left to dry for some months, and then the 
drying is completed by firing. A furnace lasts 
from two to five years. 

The Furnace. The older dome- shaped 
type of furnace [ 4 ] consists of tw'o parts— tht* 
combustion chamber and the cave or draught 
chamber beneath. Betw^eenthe tw^o, in the centre, 
is the grate, wiiich is sunk a few feet below the 
or bench uj)on wiiieh the glass melting- 
pots are placed [3J. From 4 to 18 pots are 
accommodated on the siege, and they are 
reached for w’orking or 
charging by a small arched 
opening situated directly 
over eac'h pot. In the 
t ase of the covered pots 
used for flint glass the 
mouth of the pot is 
exposed on the outside of 
the furnace walls. The 
combustion chaml)er is 
surmounted by a low 
flattened arch for the 
purpose of reverberating 
the flame. The products 
of combustion are led by 
means of short flues 
situated beside efich of 
the pots into the large 
chimney surmounting the 
furnace*. A double-arched 
roof is arranged in some 
kinds of furnace. The 
diaughl needed to pro- 
mote combustion of the 
small coal is obtained by moans of the cave, which 
is frequently arranged in two passages at right 
angles, so that advantage can Ijc taken of the 
direction of the wind. As a good deal depends 
^n the regularity with which the fuel is supplied, 
mechanical feeders are employed. The Boetius 
furnace is an improved type of this furnace, in 
which heated air is introduced wdth tin* gas 
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obtained by heating coal. These furnaces are 
also constructed in connection with a Siemens 
regenerator, the air and gas entering through 
the bench of the furnace within the circle of pots. 

The Siemens Furnace. In 1801,1'. W. 
Siemens and F. Siemens obtained a jiatenl 
for a glass furnace in which regenerators arc* 
applied to receive the waste heat of the products 
of combustion and conduct it to the air needed 
for supporting combustion. The solid fuel is de- 
composed or gasified in a 
separate* apparatus, and 
heated to a high tempera- 
ture before it enters the 
glass furnace. Since then, 
notably in 1870 and 1872, 
further improvements have 
been patented. 

The Siemens type of fur- 
nace is now very general, but 
has been alterecl in many 
ways since its first intro- 
duction. The gas producer, for instance, is now 
made as part of the furnace, and the expense is 
lessened, because the regenerator is omitted. 

In the newer furnaces the ordinary glass 
melting-pots are replaced by tanks, and as the 
melting is generally continuous, great economy 
of fuel is effected over the older kind. There is 
also an intermittent tyjie of tank furnace 
which is necessary for some kinds of work. In 
the conlinuous tank furnace a capacity of 12 
to 20 tons each 24 hours is usual, sueli a furnace 
being worked with two shifts of men. A furnace* 
of this description, having a capacity of 12 
tons, UH(*s about 8 tons of bituminous gas coal 
each 24 hours, the 12 ton 
production being the net 
product over and above all 
v»/iste and breakage. Tin* 
furnaces are more durable* 
than the old furnaces, be- 
cause in kc*eping up the 
heat the firebricks arc not 
so strained by lieing sub- 
jected to grt'at change's of 
te*mpcrature. 

Electric Furnaces. 
Many attempts have been 
made to use the heat of an 
e*lectrie* arc for melting 
glass materials, two of the 
me)st promising electric* 
furnaces being figured in 
6 and 6. In the Veielker 
furnace [5] thehoppt*r feeds 
the material, w4iich passes 
in Huecession between car- 
bon arcs. Direct current 
generated by a 360-ampere 
dynamo w'ith a voltage of 120 is passed through 
the carbons. ^Piie intense heat of Ihe first are 
rfielts the raw material and causes it to trickle 
downwards, bringing it undei- the influence of 
the .sec'ond arc, and then of the third arc. The 
melted glass collects in the cup beneath and 
thence into the large reservoir free from gases 
and impuriti(‘s. It is claimed that with this 



3. SECTION OF CJLASS-MAKINO FURNACE 
SHOWING MELTlNCJ-rOTS 






furnace bottles can be blown within half an 
hour of charging the hopper. Referring to the 
illustration of the Becker furnace [6 1, the three 
small circles represent the carbons, the passage 
of the raw material being indicated by the dotted 
lines. From the left-hand tank the melted 
glass passes over a bridge into the right-hand 
side and is free from bubbles of gas and ready for 
use. 


36 parts ; red lead, 10 purls : eullet, 200 parts ; 
cobalt oxide, ^ part ; copper oxide, 7 parts. 

Green Glass. Silica, 100 parts ; chalk, 20 parts ; 
sodium carbonate, 33 parts ; iron oxide, 3 parts : 
copper oxide, 6 parts; potissium bichromate, Ir 
parts ; potassium nitrate, 5 parts. 

Yellow Glass. Silica, 125 parts; potassium 
carbonate, 37 x>ttrtH ; red k'ud, 52 x>»rts ; x’^tussium 
nitrate, 7 jiarts ; uranium oxide, 2 parts. 

Preparing and Melting the Batch. 



Glassmakers’ Recipes. 

The following standard recipes ; 
for making various kinds of glass 
are int/cnded to give a general 
idea of the proportions of 
materials employed. In practice 
the number of recipes is very 
great, different makers preferring 
certain mixtures of ingredients. 

Crown Glass. 1. Silica (sand). 

600 i^arts ; chalk, 65 parts ; sndimo 
carbonate, 400 }iurth ; culk't (broken 
Ldass), 500 x)artH. 2. Silica, 400 x>urtM ; 

(juieklime, 64 parts ; sodium sul])liat(‘, 

200 parts ; charcoal. 16 parts. 

Window Glass. 1. Silica, 12(» 5. VOELKEI 

Xiarts ; potassium carbonate, 60 F(tr 

l»arts ; arsenic, 1 part : borax, 2 jiarts. 

2. Silica, 100 i>artH ; chalk 25 x>arts : sodium sulphate, 
35 ])arts ; eullel, 100 parts ; arsenic, 1 pat I ; cliareoal, 

1 1 yiarts ; manganese oxide, ^ part. 

Plate Glass. 1. Silica, 400 x>f^Gs ; sodium 
carbonate, 250 parts, chalk, 30 parts. 2. Silieu. 
100 parts ; (juickliiiie, 12})urts ; ])otassium earhonate, 

6 x>art>^ ; sodium carbonate, 33 parts : cullet, 100 
parts; inainianest' oxide, i jiart*; potassium nitrate 
(nitre), 2 jiarts. 

Lead, Flint, or Ckvstal (tiAss. i. Silica, 
336 Jiarts; jiotassium carbonate, 112 parts: rial 
lead, 224 jinrts ; manganese oxide, \ jiart ; ])otassiiim 
nitrate, 20 parts. 2. Silica, 300 jiarts ; chalk, 6(t jiarts ; 
potassium carbonate. 105 jiarts ; red 
lead, 160 jiarts; cullet, 100 parts; 
manganese oxide, 11 parts. 

Baryta Glass. Silica, 350 jiarts ; 
sodium carbonate, 100 parts ; 
barium carbonate, 300 jiarts ; lead 
»/xide, 230 jiarts. 

Lime Flint Oj. vss. Silica, 400 
iii.rts ; chalk, 35 parts ; sodium 
carbonate, 155 jiarts; jiotahsium 
nitrate, 20 parts ; arsenic, 2 parts ; 
manganese oxide, 2 jiarts. 

Bottle Glass. Silica, 100 jiarts ; 
chalk, 5 parts ; jiotus.>iiim carbonate, 

20 parts ; sodium suljiliate (GlaulK'r’s 
Salts), 15 parts. 

Amijer Bottle Glass. Silica, 100 
Jiarts ; chalk, 38 jiarts ; sodium 
sulphate, 40 parts ; cannel coal 
14 parts ; charcoal, 8 jiarts. 

Opal Glass. Silica, 100 jiarts; 
potassium carbonate, 30 jiarts ; red , 
load, 120 Jiarts ; arsenic, 4 iiart.-* ; 
borax, 4 parts ; calcium jiho.spbate, 

14 parts. 6. BEC’KER\s 

White Enamel Glass. Silica, FPr 

240 parts ; sodium nitrate, 64 jiart.s ; 
rnangniiese oxide, 1 jiart ; red lend, 256 jmrts ; 
arsenic, 23 parts ; antimony oxide, 1 part. 

Alabaster Glass. Silica, 100 jiarts ; jiotaHsium 
carbonate, 40 jiarts ; borax, 5 jiarts ; French chalk, 

6 parts. 

Red Glass. Silica, 1 28 jiarts ; potushium nitrate, 

64 parts ; mnngane.se oxide, i jiart : red lead 144 
parts ; antimony oxide, i part ; dissolved goUl, 
i part. 

Blue Glass. Silica, 100 parts; chalk, 25 jiarts: 
potassium nitrate, 6 jiarts ; sodium carbonate. 


5. voelker’s electric 
fitrnace 


The various ingredients for the batch of glass fire 
ground and sifted, each of the materials having 
been carefully weighed to ensure an uniform 
composition. The mixing is done cither 
with a shovel or more often now in a special 
mixing machine. Formerly a calcining 
process called fritting was em- 
ployed before filling the “ melt " 
« into the glass pots, but the superhir 
g purity of the ingredients now em- 
ployed has rendered this opera- 
tion unnecessary. The material 
i.s charged into the pots, which 
are already strongly heated in 
ELECTRIC furnace, and as the ingredients 

sink with fusion more matcTial is 
introduced until the pot is full, 
each of the additions being allow^edto melt com- 
jiletely before the fresh introduction of material. 
This first partof the process — the melting — takes 
from 10 to 12 hours, dases are given off from 
the mass as it melts, these answering the purpos(‘ 
of stirring the semi-fluid mass and also helping 
the fusion. A potato, apple, or stick of green 
wood is sometimes introduced to generate 
additional gas during this stage. WJicn melting 
is complete a scum rises to the surface, w’hich is 
knowm as mndioer or glass gall. Tliis scum is 
removed by means of a ladle. T1 k‘ 
temperaUirt' meanwhile has been 
increased to make the glass more 
fluid and facilitate the refining or 
plaining. The exmd stage of 
refining is ascertained by taking 
sample.s of the glass and noting 
w^hether the glass i.s homogeneous 
and free from colour. When tlic 
ghiss is found to be quite phiin, 
the temperature is reduced so as 
to make the glass more visc’ous 
and ready for use by the glas.s- 
blower. This is known as cold 
stoking or standing off, and is 
brought about by the introduction 
of a cold-air blast, .so that tlu' 
temperature of the furnace is con- 
tinued for the bimefit of other 
pots. Tlic temperature is reduced 
KER s ELECTRIC gradually so that the impurities 
FURNACE ^ ^j^^ surface. 

In the ease of tank furnaces only the space 
inside the floating fireclay rings is cleared of 
scum. The various temperatures are judged by 
the workmen, but accurate work in this direction 
is done by means of porcelain cones, which soften 
at knov\Ti temperatures. The Wmperature of 
the glass furnace is variously estimated at fi’om 
1200° F. to 3600° F. The refining process takes 
from four to six liours. 
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Annealing. The process of annealing is rod, called a jiontil or punty rod, is applied to the 

necessary to impart strength and durability to bullion point, and the blowing tube detached by 

glass. The method simply consists of heating touching it with cold water at its juncture with 

the glass and cooling it gradually, so as to make the glass. A hole is left at tlie point where the 

the glass nearly or quite homogeneous. The blowing tube was attached, and this, by rotation 

furnaces in which the annealing is done are and heating, is enlarged until finally, by centri- 

called leers or lehrs, and vary in construction fugal force, the edges flap outwards and form 

according to the purpose for which they are used. a perfectly flat plate of uniform thickness except 

For sheet glass the ordinary leer consists of an in the centre where the iron rod was attached, 

arched tunnel kept heated from one end by suit- the lump of glass being known as the bullion or 

able furnaces, and through which the sheets of bulVs-eye. When cooled sufficiently the plate 

glass to be annealed are caused to travel with an of glass is cut free from the punty rod by shears 

intermittent motion. For annealing small glass and then lifted by means of an iron fork into the 

articles, such as tumblers and jugs, a train of annealing furnace. There the temperature is 

trucks is caused to travel slowly along a leer, gradually lowered for from 24 to 48 hours, and 

whic’h is about ,S0 ft. long. The heat becomes the plates taken out and cut up for sale. Owing 

less and less as the leer is traversed, the rate of to the bull’s-eye in the centre, squares of glass 

travel being arranged so that the annealing is of the size of 38 by 24 in. or 35 by 25 in. only 

finished by the time the articles reach the far end. can be cut, and it is this limitation that has 

Hardening tended to displace 

Glass. Many U n crown glass by 

attempts have | ^ other processes by 

been made to ( |) ^ £) ^ ^ J] which larger sheets 

render glass less vJ/ \y TI 'I are obtained, 

fragile, apd so to 7. st\(;es in the maxi'F\ctttre of crown glass Sheet Glass. 

inerea.se its use- Sheet glass is 

fulness. In 1874, a French engineer, Bastie, another form of window glass, and is made by 

discovered that by plunging glass vessels blowing a cylinder and flattening out the 

heated to their softening point into melted fat cylinder into a sheet. A larger piece of glass 

or heated oil, the glass was rendered so tough can be obtained by this process than from 

that a diamond w^ould not scratch the surface. crown as there is no loss of glass due to 


The glass so treat-ed is, however, liable to explode the bull’s-eye. The manufacture may be divided 
or fly to pieces. Other processes, modifications into two chief operations: (1) blowing the cylinder 
of Bastie ’s method, have been suggested, and and (2) flattening The workman gathers a lump 
the Siemens method of ^ of glass as in the process 

rapid cooling between , ft making crowm glass, 

metal plates is used w'ith 1 A A. ^ I i | i rotating on 

some success. A modern H f® / \ p |]J I marver, reheating, 

development, the result \ \ ^ V /J 1 swinging, and blowing, 

of investigations by ^ / iL. J ^ forms the cylinder, the 

Schott, consists in flash- g stages IN the tfre of sheet glass being sliown in 

mg a glass of smaller co- 8. The end of the 

efficient of expansion upon a glass of a knowm cylinder is opened by applying a piece of hot 

coefficient, thus reducing the tension resulting glass to soften the end and then blowing The 

from the sudden application of heat and cold. burst (‘dges are trimmed off with a pair of 

This gflass is known as comj)ound glass or ver- shears, and the gathering rod is cracked ofl* by 

bundglas. oppl.vmg a cold iron. The top part of the 

Crown Glass. CVown glass is the oldest cylinder is broken oft by putting a hot thread 
kind of window glass, but is now almost replaced of molten glass round, and then applying a 

})y sheet glass. This kind of glass is produced cold iron, or by first touching the part with a 

from melted glass by blowing it into the form of semicircular piece of hot iron, and follow^ing 

a globe, and then the globes are thrown open this by a drop of water, when the fractur-e 

into flat circular plates called tables, by means takes the line where the heated iron was 

of the operation called flashing. The workman applied. The cylinder is then, while still hot, 
takes a metal pipe 6 to 7 ft. long, and, dipping cut from end to end w'ith a diamond cutter, 

it several times into the melted glass, gathers The cylinder is then transferred to the flattening 

from 16 to 20 Ib. of glass upon the end. By furnace, where it is softened by the heat, opened 

swinging the pipe or holding it in a perpendicular out flat, and passed on to the annealing chamber, 

position the glass is collected in a lump beyond An instrument called a flattener or polissoir is 

the end of the rod. The operator then rolls the used for smoothing the cylinder when it has 

metal on an iron plate called a marver until it opened The annealing process lasts three or 

assumes a tapering cylindrical shape, the end four days. In this process a sheet of glass of 

opposite the pipe being known as the bullion the ordinary size of 50 by 36 in. is made, but 

point. He then blows through the tube to larger sheets are made. The standard weights 

produce the shape shown in the third figure of of sheet glass range from 15 oz. to42oz. per foot, 

the diagram, the glass being rotated in the When sheet glass is subsequently polished it 
meantime [7]. The glass is reheated, and an iron is known as patent plate glass. 
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IT has, unfortunately, become a recent fashion 
^ for novelists, writers of plays, and other 
men who earn their living by more or less 
imaginative literature, to invade the realms of 
sociology, to pose as authorities upon it, and 
to lay down propositions which the public is 
expected to accept. Nothing could be better 
than that the vital questions of society and 
human life should engage the attention ot 
serious people by means of illustrations in 
fiction and on the stage. But grave disaster 
is liable to ensue when men who are unequipped 
for the study of sociology, whether by reading 
or by mental training or by temperament, 
permit themselves to advise the ])ublic upon 
matters of the most serious moment. The 
quack doctor of the individual body is an evil ; 
the quack doctor of the body politic is a lar 
w’orse evil. 

A Pestilent Propaganda. Now% it is 
no less a social institution than marriagi' 
that has lately furnished material for (‘Opy 
to a number of cont(*mporary writers. Thus, 
W'c have the problem play and the problem 
novel. It w^ould be easy to exaggerate the 
haim that these do, for, after all, we do 
not take the theatre or even our fiction very 
seriously — and in this w’e show a rare degree of 
wisdom. But serious haim must ensue when 
men like Mr. Bernard Shaw% Mr. H. (b Wells, 
and even George Meredith, who have gamed 
popularity, or even the homage of the wise, as 
imaginative writers, use the influen<‘(* thus 
obtained for the purpose of propagating views 
upon social questions which can be described only 
as puerile, superficial, and pestilent. This, of 
course, is strong language. It is, indeed, our 
intention to make this protest against the 
wholly amateur and iiresponsible contributions 
of these writers to the subject as strong as 
we can conveniently make it. In certain grave* 
social subjects wt plainly must be pr<.])ared 
with scientific warrant for the doctrines which 
serious and responsible sociologists have ior- 
mulated and the truth of which they ha\e 
proved. 

The Only Authority is Truth. We 

must enter upon our study with no pre- 
possessions in any direction. We may be 
on the side of established religion — and estab- 
lished religion is an upholder of marriag<‘. That 
ground is not sufficient for our upholding 
of marriage. We cannot accept any social 
doctrine upon authority. In 8ci(*ncc there is 
no authority but Truth, and each man must 
find her for himself. On the oMier hand, we 
may be antagonistic to established religion, 
as are, in general, the writers who are now 


ciitieising marriage. This, however, is no ad<*- 
quate reason tor any prejudice of ours against 
marriage. We must rid ourselves equally of 
theological and anti-theok)gical bias. There 
is some excuse for both in the study of this 
question, according as we look at it from one 
side or another ; but there is no adequate 
excuse for bias in the search for truth, and if 
there w^ere it would not redeem the search from 
failure. 

Marriage is Older than the Human 
Race. Our only scientific method, evidently , 
is the historical method. What is the origin 
of marriage ; what are its forms in different 
places and different ages ; what are the social 
])iienomena with which any particular form is 
constantly found associated ; and wrhat, if any, 
are the social phenomena which the various 
forms of marriage actually cause ? 

In this country we are familiar with marriage 
as a civil institution and as a religious institu- 
tion : it is regarded here as a civil contract, 
and there as a divinely ordained sacrament. 
Now, the first fact whicJi w'c have clearly to 
recognise is that no Church, living or dead, 
is or was the inventor or originator of the* 
institution of marriage. This institution is 
definitc'ly oldcT than any existing Church or any 
historical Church ; it is definitely old(‘r than 
C‘V(‘n the most primitive of all primitive religions ; 
iitiy, more, it is older than the human race itself. 

This is a fact worth noting on every ground 
There is some humour in it, too, for it at once 
makes absurd the opposition of many persons 
U> mariiage, and exposes their ignorance. A 
vast deal of contemporary opposition to marriage* 
in this country, and more especially on the 
Continent of Europe, is really engendered by 
opposition to established religion. It is thought 
that any blow’ struck at marriage is a blow 
struck at the Church, and it is quite definitely 
supposed that, practically, marriage is a product 
of the Church, end cannot very well exist without 
it. 

Marriage is Not an Institution of the 
Church. Now*, for this absurd error there is con- 
siderable excuse. It is the ease that the Church, 
which long ago recognised the importance of mar- 
riage, took this ancient institution under its own 
protecting wing. It is true that the Church has 
sometimes taken upon itself to deny the validity 
and'even the reality and decency of any marriage 
that has been made under the control of any 
other body than the Church itself. Here, 
however, we must gain a clear and final recog- 
nition of the historical fact that marriage is 
older than any Church, present or past. How 
far back, then, must we go before we come to 
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the origin of an institution wJiieh, however 
old it be, must eertainly have had a beginning 
somehow and somewhere ? We have no record, 
alas ! of the ways and doings of man when first 
he made his undistinguished appearance upon 
the earth. The most we can do in the way of 
actual observation is to study the lowest types 
of man tliat are now to be found. This vastly 
interesting and important study ia now being 
pursued on a comparatively large scale — and 
only just in time ; for the contact of these rude 
tribes with higher civilisation — that is to say, 
with whisky — very soon exterminates them. 
However, we find that marriage is practised 
by man everyi^here, even amongst the very 
lowest races that are now passing tlieir last years 
on the earth. 

The Beginnings of Human Progress. 

Now, one of the most important generalisa- 
tions that have emerged from the modern study 
of the lowest races constitutes a denial of the 
old view that such races very fairly represent 
for our own eyes the earliest remote stages of 
human .dstory. We now believe that the lowest 
race of which any record has been or is now being 
made is very far removed indeed from anything 
like the beginning of human progress. Tlie 
most primitive of primitive races that we know 
has really no claims whatever to primitiveness. 
These races are primitive and low' compared to 
ourselves, certainly. But the more w'e come to 
know them— their customs and traditions and 
languages, their gestures and their magic, and 
their social institutions in general — the more 
clearly w'e recognise the all but obliterated 
traces of a long and eventful past at w'hieh w'e 
can now only gue-^s 

If this be so, then, we may still conceive of 
early stages in the history of humanity— stages 
earlier than any represented or hinted at by any 
contemporary savages — when marriage was 
unknown. Let us, then, outline as briefly as 
possible the orderly — too orderly — ^history of 
marriage which the knowledge of his time 
sufficed for Spencer to write. We shall not 
strictly adliere to Spencer’s words or opinions, 
but shall merely state what might be supposed 
to lie the history of marriage and what is. 
indeed, very commonly supposed to be its 
history. 

Forms of Marriage. It used to be 
thought, then, that in the beginning there 
prevailed a state of what is technically called 
promkeuity. The modern term for this is 
“free love” — the worst debasement of two 
noble words with which the present writer 
has any acquaintance. Then, after a time, 
a certain amount of order would begin to 
dibplay itself. There might, for instance, be, 
as indeed there certainly were, some more or 
less severe restrictions upon this freedom or 
promiscuity. Then, m certain societies where 
for some reason there was a scarcity of women, 
there might possibly be instituted the form of 
primitive matrimonial institution which is 
called polyandry — literally, the existence of 
many husbands. Polyandry has certainly been 
a fact in various parts of the w^orld at certain 


times. Perhaps the commonest form it has 
taken is where one woman is p(>sse8.sed by 
tw'o or more brothers in common. 

Much more frequent and important is another 
ancient matrimonial form, known as polygamy, 
and familiar to most of us in consequence of its 
revival by the Mormons. It is true of polygamy, 
how^ever, as of all other marriage forms except 
one, that it has played a very much smaller 
part in human life than used to be supposed. 
It may be said that polygamy has never been the 
rule anywhere. It may have been permitted, 
which is a very different thing. Generally 
speaking, among peoples where polygamy has 
been permitted it has been practised only by the 
wealthy few. 

A Theory that Ignores Human 
Nature. In our imaginary history of marriage, 
then, we may suppose that, in course of time, the 
forms we have named, and many others, w'crc 
all superseded among piogressive peoples by the 
form which is known as monogamy — the union of 
one husband with one wife. During the historic 
period this is the form of marriage that has 
generally obtained the approval of estabb’shed 
religion, and during the (’hristian era it has, of 
course, been the only form of legal marriage. 

Now, the modern view is that this supposed 
imaginary history of marriage needs very con- 
siderable revision — and a revision all in one 
direction. It is every day being more clearly 
recognised by S(*rious students that the norm, or 
normal type, of marriage is none other than 
monogamy, and that all the other forms of marital 
relation must be regarded as mere kxal and 
relatively unimportant deviations or aberrations 
from the normal type. It is, further, most 
jKisitively and warrant ably believed that in the 
course of the history of man, w'hether under the 
tropical sun or amid the Polar snows, there never 
was any stage of promiscuity. The w'riters who 
believed in a primitive promiscuity not only had 
no positive evidence in their fiivour, but w'cn* 
running right in the teeth of human nature. 
The key to all human institutions is human 
nature, and the theory of promiscuity ignored 
the facts of human nature — facts so deeply 
rooted in it that they are shared by sub human 
nature — that is to say, by the low'cr animals. 
The mere mention of the w'ord jealousy is 
sufficient to make anyone a sceptic so far as 
this theory of promiscuity is concerned. 

The Triumph of the Only True 
Marriage. And as regards the other forms 
of marital relation, we find that their import- 
ance has been greatly exaggerated. The truth, 
indeed, is that in all times and in all places 
the dominant tendency has l>ecn towards 
monogamy, and it is monogamy that has played 
the great part for which the word marriage 
stands in the development of humanity. 

We are not concerned for the moment to assert 
any superiority of monogamy, but merely to state 
the historical fact that, superior or inferior, 
natural or unnatural, ecclesiastical or civil in 
origin, monogamy has been the dominant form 
of sex relation in the history of mankind. It may 
be* perraitt4*d, however, to inquire into the causes 
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of this general dominance of monogamy at such 
various times, in such various places, among 
such various peoples. There are certain familiar 
facts which might be expected to militate, and 
do indeed militate, against the dominance of 
monogamy. Of these the most important is 
the known character of the amatory passions in 
man. Thus it is undoubtedly a half-truth, but 
no more, that the human nifile is naturally a 
polygamous animal. Now, certainly, man, rather 
than woman, in virtue of his superior physical 
strength and endurance, has determined the 
form that marriage has taken ; and thus it might 
almost be supposed that polygamy would have 
become the dominant form of marriage every- 
where, and certainly so wherever the number 
of women considerably exceeded the number of 
men. Now, it is true that the practk‘e of poly- 
gamy is found to have been most exiensive 
among purely military peoples of a low order of 
civilisation — as, of course, a purely military 
people must necessarily be. In consequence of 
perpetual war, the number of men in such 
communities is disproportionately small, and 
thus is established a state of affairs especially 
advantageous to the practice of polygamy. 

The Secret of the Triumph. But 

tlie survival of any social institution is not 
to be explained, and is not didermined, by the 
wills of individual men. It is determined by the 
needs of the race. Many forms of matrimonial 
or semi-matrimonial institutions may be named, 
besides polygamy, which offer marked attractions 
— some to m(‘n of one type, some to men of 
another tyi)e. J5ut these institutions have 
played no part of any note in the history of man- 
kind, because they did not make for the survival, 
but instead made tor the death, of the ])eoples 
who accepted them. The writer believi'S that 
the true cause of the dominance and triumph of 
monogamy, as opposed to other marriage forms, 
is to be expressed in terms of the children. 

The current theories of the success of mono- 
gamy will not hold water. There is, for instance, 
the theory that monogamy is a creation of the 
Church, which substituted it for pagan forms of 
sex relation. The valid answer to this theory is 
that monogamy flourished and succeeded long 
prior to any Church. Another theory states that 
the success of monogamy has been determined by 
Nature, which ordains that the numbers of boy 
babies and girl babies are approximately equal 
at all times and places, there thus being one 
member of each sex for each member of the 
other sex. But this theory is not valid, for, in the 
first place, the fact of the average numerical 
equality between men and women might just as 
well be used as an argument in favour of promis- 
cuity ; and, in the second place, man everywhere 
dominates his fellow- man, so that polygamy, 
among those who have powder, is always possible. 
Doubtless the natural fact of numerical equality 
between the sexes may be admitted as a condition 
that is admirably consonant with the institution 
of monogamy ; but this fact does not begin to be 
an adequate explanation of the triumph of 
monogamy as against, for instance, promiscuity. 


Marriage and Character. The theory 
of the present writer, to which he will return, 
is that monogamy has triumphed because it 
provides the best conditions for the children, 
produces the best children, who grow up to 
be the best men and women, and who survive 
in the struggle for existenc’e as compared with 
their neighbours who practise polygamy — let 
alone polyandry or promiscuity. On super- 
ficial examination it might be thought that in 
the course of the struggle for exist^ence between 
two neighbouring peojfles, one practising 
polygamy and another practising monogamy, 
the polygamous peoples would tend to outlive 
their neighbours because of their presumably 
higher birth-rate. Now, doubtless polygamy 
does make lor a high birth-rate, but it also 
makes for an infimtik* mortality compared 
with which our infantile mortality, disgraceful 
though it be, seems almost decent. In this 
instance w'c see illustrated the general pro 
position of the -writer that it is in terms of 
the life and health and character of the children 
that we must express the condition which leads 
to the triumph of monogamy over its rivals. 

The Heresy of Mr. George Meredith. 
The reason, therefore, why wc find so scanty 
a record of forms of marriage other than mono- 
gamy in human history is that these forms have 
handicapped the races which adopted them as 
against tlie monogamous races. On the other 
hand, w^e hear much of monogamy heran^fe it is 
the rnotuK/oynoif^ racc^ that hare wade hinnan 
hisUn )f. 

Some special contemporary interest attaches 
to a particular form of matrimonial relation 
w^hich is very expr(‘ssively termed leasehold 
marriaije. Its inten^st for us de|Kmds upon the 
fact that one of the greatest living men of 
letters, Mr. (leorge Meredith, lately gave definite 
form in the pag(‘S of the “Daily Mail” (Sept. 
24th, 1904) to the view’s which, as readers 
of his novels will know, he has long held. Said 
Mr. Meredith ; “ C’ertainly, how'cver, one day these 
present conditions of marriage will be changed. 
Marriage will Ik* allow’ed for a certain jK'riod — 
say. ten years.” This statement of opinion 
naturally attracted a very great deal of attention 
on both sides of the Atlantic, and also on the 
(Continent of Europe. Indeed, it has liecn 
intimately discussed all over tlui w^orld during the 
past tAvo years ; and it has found favour in 
many quarters, though it need hardly lie said 
that no one AAith the smallest pretensions to Ik* 
regarded as a sociologist has bet'n found to 
<‘xpress anything but richly deserved contempt 
for Mr. Meredith's opinions. 

Mr. Meredith’s Experiment is Con- 
demned by History. We saw in an earlier 
part of our course* that there is one point of 
view from w-hich history may be conceived as a 
series of vast and varied sociological experiments, 
conducted by our forefathers for our benefit. 
We also saw that, if history be read aright, 
certain definite conclusions may be reached, 
these conclusions being strictly scientific generali- 
sations derived by a rigid inductive process of 
reasoning from the experiments of history. 
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Here is a case in point. There is no need to try 
Mr. Meredith’s proposed experiment, though it 
must lamentably be admitted that the experi- 
ment is being tried, or something very nearly 
equivalent to it, under the conditions in the 
United States which permit of divorce at the 
pleasure of the contracting parties. But apart 
from this contemporary and disgraceful experi- 
ment, which is alarming the most thoughtful 
and least prejudiced of observers, we can fall 
back upon the experiments of ages long past ; 
we can point to the condition of tribes which 
in modem times practise leasehold marriage 
— degraded, degenerate, worthless, and rapidly 
disappearing. But it is not even necessary 
to condemn leasehold marriage by pointing 
to facts of observation and experiment. The 
a priori method of reasoning is quite adequate 
alone to serve for its utter condemnation. 
The sociologist has a criterion by which he is 
enabled to judge of marriage methods. What, 
he asks, will be the consequences for the coming 
race ? 

Marriage and Society. The funda- 
mental character of the sociological point of 
view is that it looks ahead. To the sociologist the 
individual is nothing as an individual, though 
we must discuss this from another pomt of 
view in a subsequent chapter ; he is con- 
cerned vith the life of society, which outlives 
many generations of individuals. 1 ’his it is 
which endows marriage with its supreme im- 
portence for him. He leaves it to the psycho- 
logist to inquire as to the comparative worth of 
marriage and other forms of sex relation to the 
individual ; but he must inquire as to its in- 
fluence upon the future life of tiie society in 
which it occurs. Mairiage vindicates itself in 
his eyes because it furnishes the one perfect 
condition for the young generation w'hose 
business it is to continue the life of society. 

Thus the sociologist looks with entirely distinct 
interests upon the two kinds of marriages. The 
childless marriage is doubtless of interest to the 
psychologist — the student of charac*ter ; but 
it matters scarcely anything at all to the socio- 
logist, for it signifies nothing for the future. 
True, it is a social relation, but, so far as he is 
concerned, it amounts to nothing more than that 
two persons, who happen to be of opposite 
sexes, live in the same house and arrange their 
finances jointly. It is the appearance of a baby 
that vitally interests the sociologist, for now he 
has to consider not merely a marriage, but a 
marriage leading to the family. In this respect 
he is like Nature. She, also, is “ careless of the 
single life,” and for those who are not parents, 
whether they be married or unmarried, she cares 
little or nothing. “ Her supreme interest,” as 
the present writ^er has said elsewhere, “ is with 
those chosen individuals upon whose characters 
and behaviour, as upon no other factor in 
tl;e universe, the whole future of the race 
depends.” 

The True Test of Marriage is the 
Family. The fertile marriage is of supreme 
importance to the sociologist because it leads 
to the establishment of the family. The type 
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of the family, historically considered, has varied 
in dependence upon the type of marriage, 
and we may lay down the proposition, as 
sociologists, that the value of any form of 
marriage may be judged by the quality of 
the t3q)e of family which it tends to produce. 
It is this fact, in the present wTiter’s opinion, 
which explains the observed preponderance of 
monogamy in the history of man. Monogamy 
produces the best t3q)o of family ; the best type 
of family produces the best t3rpe of society: 
and thus the races which have used other forms 
of sox relation in preference to monogamy have 
played no part of moment in history, and have 
left scarcely any records at all behind them. 

As the arrangement of this and the allied 
courses indicates, are attempting to base 
sociology upon “the solid ground of Nature.” 
Wo can have no more certain warrant for 
any social institution than that we find it 
sanctioned by the facts of biology. Now, 
it is an extremely noteworthy fact that the 
biological sanctions for marriage are actually 
older than the human race itself. In many of 
the lower animals we find that institution called 
the family — a family produced by a monogamic 
union of less or greater permanence. This fact 
of animal marriage is of the utmost interest to 
the sociologist, who builds upon biology. It 
furnishes him with yet another of the many in- 
stances w^here institutions supposed to have been 
invented by man, by the law, or by the Church, 
are found to have played their part in the evolu- 
tion of life even before the emergence of man. 

The Ideal Family. The ideal family is 
that produced by monogamy. Not very far 
behind it, perhaps, is the type of family produced 
by a qualified polygamy, such, for instance, as 
we observe in the patriarchs of the Bible. 
Relatively to these, and especially to the former, 
all other kinds of marriage stand condemned ; 
and this constitutes the ultimate warrant for 
monogamy. Contemporary praetice and ex- 
perience may be quoted in proof of the assertion 
that the monogamic family constitutes the l>est 
condition of environment for the rising genera- 
tion. The best kinds of family of this type con- 
stitute the realisation of the ideal. We are 
incapable of conceiving anything better. Those 
who advocate “ leasehold marriage, with State 
care of the children,” or those w^ho advocate the 
“ nationalisation of the children,” as a general 
principle, may be counselled to consider the 
experience of those whose duty it is to make pro- 
vision for pauper orphans or other children who 
are necessarily thrown upon the 8 tate even under 
present arrangements. Many different plans have 
been tried for dealing wuth such children. These 
range from the most unnatural to the most 
natural. The first description surely applies to 
the herding together in large institutions of 
children all of one sex, and, as far as possible, 
all of one age. This plan is as remote as pos- 
sible from Nature’s indications, having nothing 
but (false) economy to recommend it. At the 
other extreme is the boarding out of these 
children under conditions as nearly as possible 
approaching those of the normal family. 
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The Supreme Value of True Mar- 
riage to the Race. In general it may bo said 
that “the nearer our provision goes towards 
the establishment for those children of condi- 
tions simulating those of the family, the bett-er 

are the results Indeed, what sane 

person will dispute that the best prospect for an 
orphan is afforded when it is adopted by some 
parental -hearted pair who will treat it as if it 
were one of their own children ? ” No one who 
has paid the smallest attention to these facts can 
hesitate to admit that the proposals for lease- 
hold marriage and nationalisation of the children 
touch the ultimate bottom for ignorance and 
short-sighted stupidity. The more we study the 
family, and substitutes for the family, the more 
clearly we see that the institution of monogamic 
marriage has the final warrant of Nature. 
Monogamy has survived, not because of the 
injunctions of any Cliurch, but because it has 
supreme “ survival value.” This it has “partly 
because it implies a due control of male passion 
and a due limitation of female endurance ; 
partly because it promotes the development 
of the higher sentiments and represses the lower ; 
hut pre-eminently becavse it provides jor the coming 
race a peerless environment!'^ 

Why Other Systems Fail. Communal, 
or collective marriage, group marriage, lease- 
hold marriage, and “ pooling the children.” 
have all been the subjects of experiment by 
man in the past. They have all failed, and 
all for the same reason, because they did not 
work. “They had no survival value, and the 
^ocieties which adopted thtmi are no more. 
They had no siu'vival value because they pre- 
\ented the formation of the family, upon which 
alone must be founded any human soci(‘ty 
that is to endure.” 

Now, it is true that oaks survive and multiply, 
and flourish wuthout the aid of the family. It 
iv true also that there are some sub-human 
societies, such as those of the social insects, 
vvhich flourish without any institution that 
really corresponds to our family. It is true 
also that among birds the family lasts for only 
a short period, and birds still flourish, even chough 
monogamy, as practised by them, may be an 
extremely brief affair. If leasehold marriage, 
so to speak, be an efficient social institution 
among birds, why not also amongst men ? 

The Key Fact of Marriage. The 
answer is that there is a fundamental difference 
between the early stages of the life-history 
of man and those of the life-history of an}^ 
other animal, not to say plant. If the young 
acorn falls upon good soil, it is quite indejiendent 
of any care on the part of the oak which bore it. 
The young insect may need much care for a short 
period, but very soon it is able to find its own 
living. The young bird must be fed at fiist 
by its parents, but only a short time need elapse 


before it is able to fly away, and depend for life 
upon its own activities. But the young of the 
human species are different ; they pass through 
an extremely prolonged stage of dependence m 
youth. Not only is this longer than in the case 
of any lower animal, but the degree of depend- 
ence is much greater. It is perhaps the most 
remarkable paradox in the whole of living 
nature that of all young beings the young 
of the dominant animal, the “ lord of creation,” 
should be the most helpless, and the longest 
helpless. This fact undoubtedly has a great 
meaning, even a greater than the meaning on 
account of which we have here referred to it, 
which is that the family and the due exercise 
of parentage, more or less important in most 
of the lower animals, are of supreme importance 
for man. So long as man retains this character — 
that at birth he is utterly helpless, and that for 
many years afterwards he is incapable of fighting 
his own battles — so long will the survival value of 
marriage be supreme, and so long will the empire 
of the earth be given to those societies which 
avail themselves of that value. 

Marriage will Survive all Criticism. 
Wt* may speak indignantly of amateur critics of 
marriage at the present day, and our indignation 
is waiTanted, but if we were able to take a quite 
impartial view, caring nothing for any one society 
rather than another, we should have no need 
to concern ourselves. No institution that 
makes for life is really in danger or in need of 
our assistance. There is a natural automatic 
process which has been at work since the begin- 
ning, and which will continue working to the end : 
it is the process which Darwin called “ natural 
selection,'’ and Spencer “ the survival of the 
fittest,” and it ensures that -whatever individual 
character or social institution makes for life 
will survive. Marriage, as we have demonstrated, 
is such an institution, and it will be practised 
upon the earth a hundred thousand years hence. 
Here and there a society may try something else, 
forgetful of the fact that it is not worth while 
to repeat any of the old experiments which have 
already been made ; but the society which 
abandons marriage will simply go under before 
the society which does not. Thus fell the “ glory 
that was Rome,” and the same cause — a decline 
in this fundamental morality — would assuredly 
tend to the destruction of aii empire greater- 
still. It is at the heart that empires rot. 

The two chief works upon marriage in the 
English language are— excepting, of course, that 
part of Herbert Spencer’s “ Principle of Socio- 
Jogy,” which deals with the subject — Professor 
Westermarck’s “ History of Human Marriage,” 
carrying the investigation onwards from the 
stage -w'here Spencer left it ; and, secondly, 
the “ History of Matrimonial Institutions,” 
by Professor G. E. How^ard, of the University 
of Chicago (Fisher Unwin 1904). 
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Cutting Dies and their Use. Lasting* Attaching Soles, 
continued frou. Cementing, Channelling, Stitching, Heehng, and Finishing 

fmgtun 


By W. S. MURPHY 


Cutting the Stuff. Cutting bottom stuff 
for the boot factory is a trade by itself, at 
which a man may find useful employment for 
both head and hands. When the leather comes 
from the stores into this department, the hides 
are ranged, trimmed, and rolled. No doubt, 
the man who puts the butts and side pieces 
together thought he had done his work pretty 
thoroughly, and so far as leather classing goes, 
he may have done the best possible ; but we 
have something more to ask from the leather. 
The cutters need pieces of such shape and size 
as they can put them into the machines m 
batches All the leather to be cut has, there- 
fore, to be sorted. Sorting is not merely a 
case of putting hides of the same size together, 
or g<'tting them trimmed or shaved to requisite 
dimensions. Before starting on that job you 
had bettor make yourself well acquainted with 
the various tannages and classes of leathers. 
Verbal directions in this matter are useless. 
That is to say, you have to learn the trade by 


dies [50J and presses ranging in size and power 
from th'^ foot-driven press that cuts lilts or 
side pieces to the lieavicr presses that stamp 
out the strongest soles. Revolution presses do 
not demand that the leather be rangeii ; but it 
can bo cut up in w^hole sides or butts [61 1. If we 
are to get the best results from these mechanical 
cutters, the leather must be of such uniformity 
as will enable us to go ahead wdthout stopping 
to adjust and alter to suit variations in size 
and grade of leather. The edge of each knife 
blade is exactly the shape of the piece of leather 
to be made. Look along the edges of a sole 
knife, and you see that the shape is a sole, and 
so with all the others. Fix the leather under 
the press, Iny on the knife, and put the driving 
belt into action In a moment there is a crunch, 
and the soles are cut. 

In principle all the die-cutting machines are 
the same ; after having learned to work one, 
it is easy to take up the others. One thing must 
be constantly borne in mind — those machines 
need the assistance of the 



operator ; they are not 
automatic, and to work 
them a man must give his 
whole attention to what he 
is doing. A leather-cutter 
is a skilled workman, though 
not always rewarded as such. 

Insoles and Welts. 
An insole comes from the 
cutting-room a plain piece 
of leather shaped to the sole 
of the last ; but it could 


50. KNIVES FOR CUTTING BOTTOM STUFF (B U. Shoe Vauhine Ck)., Leicestei) hardlv be Sewn in that form, 

even by hand. The edge of 

practical experience, step by step. Having put the insole which lies under the top is pared away, 

the hides of each class together, we range them leaving a comer into which the sewing holds ; 

on the cutting machines, which may either this is technically called the lip. Forming a lip 

guillotine or horizontal, according to the class is a delicate operation ; but our mechanics have 

of leather w^ith which we arc dealing. got over it. One of the best is the “Goodyear” 

Rolling. When the hides and pieces come channelling machine, the cutting parts of which 

from the ranger, they are square -sided. But are a slanting circular blade worlong on a flat disc, 

we do not hand them over to the cutters yet. Lay the insole on the disc, and the knife cuts 

I^eather, as it comes from the tanner, is not round, forming a clean lip in a very short time, 

of the close fibre we need for boot-making. Cutting Welts. Welts in the factory are 
To stiffen and close it, we pass the leather, long continuous strips of split leather. The 

after wetting, through a pair of heavy rollers. short strips of leather have been cut from 

From the pressure of the rolls the stuff comes the hides, and now we run them through the 

out clear and firm. welt-splitter, which levels them neatly with 

Cutting Soles, The different kinds of wedge-shaped sides. The ends of the parts are 

leather are now distributed among the various neatly spliced and joined with cement to form 

cutters. Light flank pieces go to the cutters a continuous ribbon of the length required for 

of stiffenings, shoulders to the insole cutters, the machines. They are also out with an in- 
butts of graded sorts to the sole cutters, and genious tool called a weU’Stripper from shoulders 

scraps of heavy leathers to the heel lift makers. dressed specially for the pumose. 

Now we see the benefit of the ranging. For Lasting. Our materials are now sha])ed, 
every size of boot we have a special s^t of cutting and we assemble them, to begin making up. 
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Tho uppers, the lasts, the insoles, are here, and 
now begins that arduous and difficult operation, 
the lasting. Up till tho end of the nineteenth 
century, hand lasting [68] was carried on in the 
best equipped factories ; it made a gap in the 
mechanical organisation of the factory ; the 
hand laster could paralyse the greatest factory 
in the world. 

Machine Lasting. Between about 1898 
and 1903 no fewer than six efficient machines 
were placed on the market, and improvements 
have been constantly going on since. The 
method of the best of these machines [62] is an 
imitation of the hand lasting action. Last and 
insole are inserted into the upper, so as to 
hold easy, and then put into the mechanical 
laster. Presented to the machine in a slanting 
position, with the insole uppermost, so that 
we can see exactly what is being done, tho 
top is gripped by a pair of power -worked 
pincers that pull it upwards, drawing it tightly 
on to the last. The pincers are adjustable, so 
as to work upon any size of upper. Wipers 
now come into operation and lay the upj)er 
close to the insole, and five tacks are driven 
in simultaneously to make the work secure. 
This operation of pulling-over, as we name it, 
is begun and completed in fifteen seconds. 
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Series of Lasters. Among the other 
lasting machines there is a series with which 
the worker should be acquainted, the set grading 
in degrees of complexity. Taking the common 
laster first, we find it to be a rather complex 
mechanism, though not difficult to work, the 
parts being strong and automatic. Our second 
machine [62] has a twist motion that brings the 
top on all sides close up to the feather of the 
insole, and a slanted tack-driving arrangement 
that drives in the tack and fastens the upper. 

Joining Insole, Welt, and Top. Wc 
are ready to begin what has been described as 
the “impossible” mechanical operations of the 
boot factory. Handicraft bootmakers used to 
ask, How was it possible for a machine to put a 
thread through welt, upper, and insole all at 
once ? —convinced that it could not be done. But 
the machinists of the boot factory offer us a 
choice of machines for the purpose, each oni* 
advertised as capable of doing perfect work. One 
thing helps another, as Arkwright is reported 
to have said when he organised the cotton fac- 
tory. The mechanical lastcrs are designed to 
make the work of the sewing machines easy. The 
springs and levers of even the least complex of 
these machines arc so numerous as to render 
description unintelligible even to the worker. 

Yet the action is perfectly 
harmonious. Set the boot in 
place, and see how the work 
goes on. Through welt and 
upper and insole the stitches 
are made by the cunningly- 
devised mechanism, [54], and 
as each stitch is made the boot 
moves forward the length of 
the stitch [27]. 

On this machine is a ball of 
white thread, and at the side 
is a coil of welt. When the 
boot is placed on the flange 
under the needle, the tiread 
comes through a bath of wax 
kept constantly at melting 
point by the steam heater, 
and at the same time the welt 
uncoils to the boot. Both are 
manipulated by the needle, 
which draws the thread 
through welt, insole, and 
upper, and firmly binds them 
together. 

Preparing for the Out- 
sole. As we have taken it 
from the wclt-sewing machine, 
the boot would hardly make 
a good foundation for the 
outsolc. The seams are rough, 
and between the surrounding 
welt and the insole there is a 
hollow space. 

Filling. Very light boots 
arc packed with felt soles 
thinly covered with cement ; 
but for strong boots the pat k- 
ing is scraps of fine leather, 
graded to tho thickness of tho 
4541 
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welt. For this purpose we have a small 
shaving machine, in which a boy puts bits 
of leather, and brings them out neat packing 
pieces. At his side is a small self-heating vesstd 
full of melted rubber solution, and with the 
brush attached ho sticks the insoles and puts 
in the pieces of packing. 

Levelling. \Vhen the solution is dry, wo 
take the boots to the inseam leveller, which 
trims the welt and lays the seams at the same 
time. Like the rest of our machines, the seam 
trimmer is very complex in the mechanism and 



52. CONSOLIDATED HAND -METHOD LASTING 
MACHINE (H. U Shoe Mai lime Co , LeicesLei) 


veiy simple in operation. All ve need to do is 
to hold the boett in the jaw of the machine and 
let it throb round the seams, smoothing each 
stitch down as it goes along. • 

Soling. The boot soles are passed on to 
the blocking press. Pair by pair the pieces of 
hard leather are fed in on the top of the foot- 
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moulding blocks, and over them comes down 
the matrix, to lift again, and let out a pair of 
finely-modelled soles. 

Cementing. Solo-laying is our next im- 
portant work ; but before that can be done we 
have a choice to make. The question now is 
whether the soles are to be pegged on for sowing 
or cemented The best and most satisfactory is 
the cementing, and for this we have a fine ma- 
chine. Within a jacketed pan, healed according 
to the general system of the factory, rubber 
solution is kept soft, and within the pan revolves 
a round brush. Over this brush the soles arc fed. 
and it smears the flesh or inmT side with the 
solution. 

Sole-laying. We have to be smart now, 
for the rubber cement dries quickly. At the side 
is t}io turret sole layer. Tliere are several, but 
we can work only one. Fixed on a revolving plat- 
form, this little tower of mechanism holds six 
iron soles lined with pads of soft rubber, and 
on the platform under each movable holders 
that let in the lasted boots and hold them tight. 
With one hand take the clasping levers, and with 
the other set in the boot with the sole on it. 
Now fix the grips on toe and last, and the top 
pads of rubber come down to make the whole 
fast in a firm grip. The turret moves round, and 
offers another station for your boot ; you repeat 
the operation. When the six stations have been 
filled, the boot first fixed comes round ready to 
be t^aken off, and its place is filled with another 
boot. You can lay a thousand soles per day 
with this machine. Tlicrc arc other sole-laying 
machines equally serviceable. Another inter- 
esting model has a vertically revolving motion, 
with four stations. As the machine slowly goes 
round, the station at the top automatically re- 
laxes, the action of turning clamping the laying 
press down on th^ newly inserted boot. The 
variety of sole-laying machines is considerable, 
and the effort of machinists is to render them 
as gentle and firm and automatic as possible. 
The maximum capacity, so far as we have seen, 
of the best of these machines is about 1,200 
per day of actual workiiiiz. 

Sole Rounding and Channelling. 
Sewn soles arc channelled to hide and protect the 
stitching. Channellers are called upon to work 
any variety of machines. Some arc merely little 
knives held in the grip of a motoi*, with a stand 
for the boot ; others arc more complex and aim 
at rounding the solo while making the channel ; 
but none is difficult to understand. The chief 
thing to watch in these machines is the adjust- 
ment. A thin sole will not stand the depth of 
channel that a heavy sole requires. 

Stitching. The soles are now stitched to 
the welt by a machine which is called the 
“ rapid stitcher ” [55J, the boot being laid to the 
machine without removing from the last. 

Blake Sewers* Boots are often made 
without a welt by sewing with a “ Blake,” already 
described. This machine is still in general use. 
No boot factory sewer can afford to be in ignor- 
ance of the working of this machine. On the 
head of a tall standard the complic^ated mechan- 
ism is set, while from th(‘ platform in front 
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protrudes a horn. Over this horn the sewer puts 
the boot, and needle and thread make stitch after 
stitch, piercing through sole and insole, making 
a fine seam in a channel cut in the solo by a 
solo-channelling machine as though it were only 
thin cloth that was being sevm. 

Pegging, The sewn boot is still the favour- 
ite ; but, curiously enough, the first machine- 
made boots were pegged in the soles. It may l)o 
admitted that 
the early boot- 
makers by 
machinery did 
not under- 
'^tand the 
British cli- 
mate, and in- 
troduced a 
kind of pegg- 
ing suited only 
to a dry and 
equable cli- 
mate, or a 
population 
that never 
walked in the 
w’et witho r 
indiarubber overshoes. By pegging we mean 
that the soles are secured to the uppers by small 
pegs. Stitches may seem to grip firmer, but 
threads cannot last as long as wood or brass. 
Nothing daunted iiy their first failure, the 
inventors of the pegging machines have worked 
aw'ay, and now^ have producc<l many contrivances 
which make really good work. We hardly think 
the pegged solt* will ever displace the sewn one 
in this country ; but a trade of some dimensions 
has sprung up. The idea which revolution- 
ised the pegged trade was the substitution of a 
screw rivet for the ordinary peg. The pegging 
machine most familiar to us resembles in gem*ral 
appexrancc a kind of “Blake ” sewing machine. 
On the horn in front the boot is set, but instead 
of the needle a screwing pimch containing a 
screw -tapped wo're comes down and drives the j>eg 
through welt and sole, automatically cutting off 
and riveting what is practically a wood nail in 
the boot. Swift and effective, the action is re- 
peated automatically. Spacing between the pegs 
is done by the machine, and the intervals may be 
made as small or as wode as the operator desires. 

Heeling. Hand-working bootmakers build 
the heel on the boot, lift by lift ; but in the 
factory the heel-builder is a specialist. The 
wide variety of heels we are called upon to make 
has rendered this inevitable. Square heels, 
round heels, peg-top heels, low and high, broad 
and narrow, the variations run through 
the whole range of sizes and classes. If any 
speed were to be attained in this department, 
some method of simplification was bound to 
come. The end was gained by making the 
heels first, and then fastening them to the 
boot. We admit that those heels have not 
the spring of the hand-built heels ; but the 
difference is small and cannot be helped. 

For the highest class of boots we make split 
lifts, and produce a heel equal in every 
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respect to the best hand-made ; the consumer, 
therefore, has it in his own hands — he can get 
the article if he will pay the price. 

Building the Heel. The bottom course, 
or foundation of the heel, is ealled the seat. 
This is made level with the sole and usually 
comes off the same hide. Next is the bottom 
lift, also solid. Th(‘ tw^o lifts above may be 
split with inside packing, in the approved hand- 
made w'ay. The lifts are cement^ together by 
a solution of rubber or other paste, and built on 
ingenious machines, the most common models 
of which resemble miniature hydraulic presses 
in construction and principle. 

Putting on the Heel. Heels are attached 
to boots by vario\is machines [67], the greater 
number by merely riveting presses, which 
clench the wire nails left protruding from the 
heel -seat into the sole and insole. A machine 
much favoured by manufacturers of liea\y boots 
works on a peculiar 2)lan. Into a disc the nails 
arc fed head downwards ; heel and boot are 
pla(‘od together in position ; the press comes 
down and the hammer comes up, driving the 
nails into the boot and heel. The top pieces of 
the heel are nailed by a special machine [61] that 
drives the “nails" regularly and at a very rapid 
rate. 

Sole«levelling. Wlien we get the hoot 
from the makmg-up department, the channelling 
of the sewn seams gapes and the sole may not 
lie quite flat. Obviously, if you can pass a roller 
firmly ('uough, and yet yielding to the proper 
shape of the boot, 
over the sole, it will 
be levelled. On this 
idea the best level- 
ling machines [56] 
are constructed. 
The rollers are hung 
on spring attach- 
ments ; alterna- 
tively, the stand of 
the boot is spring - 
seated, and th(‘ 
rollers move firmly 
over the soles. 

Finishing the 
Boot. Heeled and 
soled, the boot has 
been built together ; 
but it must not 
yet pass out of our 
hands, for it is a 
rough production. 
Most factories do 
not class the de- 
partments as we 
do ; they make 
some of those 
workers whom wo 
consider finishers 
work in the soling 
and heeling de- 
partments. This 
SMITH ” HEEL-TRiMMiNO matters little ,* but 
MACHINE ^ method 

TJ. Shoe Machine Co.. Leicester) of division, such 
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as we propose, wcmld help all parties When the 
sole-sewers and heel-fixers have put the boot 
together, the work of that department of the 
factory is done. The rest belongs to the finishers. 
It seems ridiculous that sole-levelling should be 
included in soling while edge-trimming belongs 
to the finishing division 

Heel-trimming. Though finely cut to 
shape when laid on the boot, the heel has 
margins which can be dispensed with only after 
it has boon seated on the boot [60]. The front, or 
breast, of the heel has been left rougli for shaping 
to the level of the shank. Breasting is very hard 
work, and needs a sharp, strong knife. Over a 
dozen kinds of breasting machines are regularly 
employed, but the best are very simple, A 
knife the shape of the breast required is fixed 
on the head of a press ; the boot is set in the 
stand, and the knife shears down, cutting a clean 
breast. 

To give our heel a solid appearance, we tak(^ 
it to the scouring machine, and on flat sand- 
paper, running on spmdies, the heel is smoothed 
to a fine level. 

Edge-trimming. Like the heel, the sole 
has l)een loft with rough edges, and lor trimming 
these wo have the machine cutters. Hero the 
special character of bootmaking machinery comes 
out strongly. The edge-trimming machines arc 
nothing more than mechanically-driven knives 
1 59], shaped to suit. Instead of the flat blades wo 
use by hand, the cutters are grooved blocks 
of stool, cfist in a wheel and fixed on a spindle. 
Against the revolving cutters the boot is held 
[58], and a fine edge is the result. 

Buffing. In most trades, bufiing implies 
polishmg ; but w^ith us the meaning is the 
opposite. The object of buffing is to take off the 
old surface of the leather ot sole and heel, and 
prepare it for receiving a new surface. But we 
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use butting wheels, like other workers, tlu 
ditteronce being that, whili^ wood and steel art 
smoothed by the rough surface, the leather is made 
rough. On the rims of the wheels bands ot 
coarse emery are fixed. By applying the sole 
and heel to the running wheel [ 62], we scour off th(‘ 
surface of the leather in a regulai manner. One 
thing has to bo specially watched, and that is 
the work of the emery on the sides of the soles, 
or the edges so c«irefully cut will bt' 
ground down. Simple as it looks, buffing 
can not bt' learned in a moment 
Nothing can obliterate the streaking and 
scudding of defective buffing. Dust flies 
from the buffing wheel at a great rate 
To keep the air of the workshop clean 
and pres(*rve the health of the operator 
the wheels are hooded over with covers, 
through w^hich attached fans suck the 
leather dust into closed receptacles. 

Sandpapering. Similar in con- 
struction, the sandpapering machines 
begin to build smoothness on the rough 
work ot tht‘ emery buffing wheels. Tli(‘ 
rollers are made to resemble in feel and 
elasticity the human fingers, being 
composed of felted material under tin 
sandpaper. 

BlacKing. Edge-setting, and 
Polishing. In this division the skill ot 
the workman counts for more than the 
speed and structure of the machines. 
So long as the present fashion of boots 
maintains its hold on the popular taste, 
no other system, it seems to us, is 
possible. The routine of the hand- 
working bootmaker is preserved. First, 
. 4545. 
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stream if unpolluted, although thej^ exist in 
fresh water. They may be said to act as scaven- 
gers ; but, if the amount of impurity be too 
great, the organisms are, it is thought, less able 
to exert this beneficial action. Minute plants 
also help, by giving off oxygen when exposed to 
the light, and thus assist to oxygenate the 
water. 

Liquid Refuse from Manufactories. 

The admission of liquid manufacturing refuse 
into sewers has often increased the difficulties 
attending the treatment of sewage at outfalls, 
but it is to be anticipated that these facilities 
will be very much curtailed. The local authority 
may refuse to allow trade effluents to enter 
sewers on any of the following grounds : (1) that 
they would injure the sewer ; (2) that they 
would prejudicially affect the disposal of the 
sewage ; (8) that their volume is too great for 
the capacity of the sewers ; and (4) that their 
admission to the sewer would interfere with 
some order of a Court of competent jurisdiction. 

The admission of trade wastes to sewers in 
large quantities causes difficulty in treating 
the sewage at the outfall, especially when the 
waste is not admitted at regular intervals 
coinciding v th the varying volumes of sewage, 
and when undesirable solids are not removed. 
If the conditions as to the admission of the waste 
be observed, there is no trouble in dealing with 
it, when it is associated with sewage in reasonable 
quantities, as the sewage sets up the necessary 
putrefactive change if the waste is either acid 
or alkaline, unless in excess, when it should 
be neutralised before admission to the sewer. 
The Sewage Commission are of opinion “ that the 
law should lie altered so as to make it the duty 
of the lcK*al authority to provide such sewers as 
are necessary to carry trade effluents as well as 
domestic sewage, and that the manufacturer 
should be given the right, subject to the ob- 
servance of certain safeguards, to discharge trade 
effluents into the sewers of the local authority, 

‘ if he wishes to do so.’ ” 

Tidal Waters. The rec^uirements of the 
Public Health Act with reference to the purifica- 
tion of foul fluids before their discharge into 
rivers, etc., has not been considered as applying 
to tidal waters, and the Rivers Pollution Act 
has only very rarely been put into force. Inasmuch 
as it is illegal under the common law to pollute 
the air, or the rainfall after it reaches the earth, 
it is equally illegal to cause a nuisance by 
polluting the tidal water of an estuary, or the 
foreshores adjoining, as the Courts have held 
in the cases to which we have referred. 

Compulsory Provisions. The further 
powers now' conferred on county councils, joint 
committees, and river boards will lead to a 
closer scrutiny of rivers and streams, and to the 
detection and abatement of pollutions. 

In arranging sewage disposal works it must 
lie borne in mind that the Local Government 
Board at the present time require provision 
to be made for dealing with the dry weather 
flow, and a further five volumes, or six 
volumes altogether. If the town be Gained on 
the combined sydem, three volumes must be 
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treated as sewage proper, and the further three 
volumes has to be disposed of on specially- 
prepared filters or on land. If the town be drain^ 
on the separate system^ two volumes must be 
treated as sewage proper, and the further four 
volumes has to be efisposed of on filters or 
land. 

Quality of Sewage. The quantity of 
sewage delivered to an outfall has been regarded 
too much as the governing factor, without 
reference to the quality. The facts which are 
now available with respect to the results of 
treating sewage by bacterial action will no 
doubt be productive of elasticity in the Local 
Government Board’s requirements, and will 
entail a more intelligent consideration, based 
upon detailed expert information of the con- 
dition of the sewage of the town in question. 
At present too little attention has been devoted 
to this, resulting in the enforcement or adoption 
of unnecessarily costly works at sewage outfalls 
After the sewage arrives at the outfall it is 
passed through a chamber in which is arrested 
floating substances such as corks, paper, and 
the like, which must not be allowed to pass to 
disposal works of any kind. 

Irrigation. If suitable land be available 
near a town, and the sewage can be conveyed 
to it without any engineering difficulties, its 
utilisation for agricultural purposes is possible. 

Sewage farming has too frequently been re- 
garded only from an agricultural point of view, 
whereas it must he treated as a combination of 
both sanitary and agricultural interests. These 
two, however, can be successfully combined only 
where a sufficient area of suitable land is acquired 
to enable the crops cultivated on it to receive 
the sewage only when they want it, at the same 
time that the sewage is purified on other areas 
when it is not wanted by crops. When this 
cannot be accomplished, the agricultural part 
of the matter must be disregarded, and the 
filtration and purification of the sewage as a 
sanitary necessity should be alone kept in view. 

It is now clearly established that the changes 
that have to take place in sewage to effect purifi- 
cation, or that are necessary to enable the 
manurial ingredients in it to be best adapted to 
the requirements of plant life, are due to the 
nitrifying action of micro-organisms. Where the 
land under treatment is open and pervious, 
the most solid part of sewage, as well as* 
the dissolved and finely suspended organic 
matters, admit of being liquefied in the 
interstices of the soil, and of being converted 
into the harmless nitrates and nitrites which 
are so beneficial to plant life. Where the 
land is impervious this can be only partially 
effected, and in such cases the liquefaction of 
the solids by bacteriological influences has to be 
brought about by methods that are described 
elsewhere, so that the fluid that is applied to 
the land is both free from what would clog 
the pores, and is at the same time highly charged 
with the nitrates and nitrites which are available 
for vegetation. If thev ore not required by 
the crops thejy are in a form that can pass away 
without causing pollution or nuisance. 
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Land for Sewage Purification. The 

most unsuitable soils for sewage purification 
are stiff, tenacious clays, peaty or boggy land, 
and certain conditions of coarse, gravelly soils, 
which contain hard conglomerate layers often 
very dense and impervious. C^lay lands can 
be rendered more fitted for filtration by preparing 
specially the surface to some depth by ploughing 
or digging in ashes or other materials. 

The land must l>e prepared so that it will 
absorb the sewage uniformly over its surface, 
without flooding or overflowing. This can be 
done by laying out the area in slopes according 
to the contour of the surface, and according 
to the nature of the soil. 

After the sewage is delivered on to the land at 
the outfall it is distributed by main carriers, 
either of earthenware or concrete, or of bricks 
in cement. These, are placed in contour, and are 
regulated by sluices and stops so as to command 
the area to l)e irrigated, the sewage being dis- 
tributed over the surface by carriers made in 
the ground. Any pipe caiTiers underground 
which convoy the sewage from one point to 
another should be kept low enough to prevent 
disturbance when the surface is being manipu- 
lated either with the plough or otherwise. 

Systems of Sewage Distribution. 
There are several methods for distributing 
sewage over the surface of land. 

In the ridqe and j arrow system the land is 
prepared in beds with ridges about 40 ft. apart, 
having slopes of about 20 ft. on each side with 
an inclination, according to the ground, of from 
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1 in 50 to 1 in 150, or even more if the ground 
be very impervious. The ridges have dis- 
tributing channels formed so that the sewage 
flows over them down the slope of the plot or 
field to the furrow in a uniform layer or film, 
and any which is not absorbed passes to a lower 
plot. 

The catchwater system is used more for very 
sidelong and irregular ground. A carrier is laid 
to command the area to be- treated, and the 
sewage overflows from it at any part by tem- 
porarily stopping up the carrier. It then passes 


to a lower level, where a catchwater gutter, made 
to the contour of the land, passes it over a still 
lower part of the area. Main carriers vary in 
size, but are generally about 1 ft. to 2 ft. wide, 
and about 6 in. to 10 in. deep. The tall should 
be about 1 in 500 or 1 in 600. 

Crops for Sewage. Italian rye -grass i.s 
one of the best crops for sewage, as its capacity 
for absorption is enormous, and it occupies 
the soil so as to choke down weeds, which an* 
a source of trouble and expense on sewaged 
land. Osiers are very useful plants to absorb 
the organic impurities in sewagt' 

Theie are other plants -which are capable of 
absfirbing organic impurities, such as duckwcod, 
sedges, common reed, flowering rush, white 
and yellow lilies, frogbit, waU‘r ranunculus, 
livwwort, sunflower, and watiTcress 

Precipitation. Where land cannot be 
obtained for the disposal of sewage by broad 
irrigation, out' way of dealing with it is by 
chemical precipitation, that is, by adding to 
the sewagt‘ (‘hemicals which have a deodorising 
and precipitating effect, so that on a small 
area of land the foul fluid from the outfall sew cl- 
ean he converted into an inodorous effluent 
Many years ago this w\'is thought to be the 
solution of the sewage difficulty, but the bacterial 
treatment of sewage (which will be referred to 
later) has afforded an alternative method. 

\Maere a considerable part of the rainfall is 
received into the sewerage system, provision 
should l>e made for a tank capacity of at least 
50 per cent, of the average daily dry w’cather 
flow% which will give a w-orkabJe margin for 
contingencies Several small tanks are bett<T 
than a few very large on(‘8, as there is less risk 
of difficulties arising when the tanks have to 
Ix' stopped for cleaning out or for repairs 

In England, shallow tanks, having a depth 
of about 4 ft. to 5 ft. at one end and about 6 ft 
at the other, arc generally used. The bottom 
should have a fall towards the inlet end, to 
wdiich the sludge can be swept -with facility. 
The tank is emptied by means of a floating 
arm w'hich falls on drawing off the supernatant 
w^ater and insures its lieing taken from the 
upper layer of fluid in the tank. A valve con- 
trols this drawing off, so that as soon as there is 
any appearance of floating matter in the water 
being let off the valve is closed and the sludge 
remains. 

Candy's System. A recent arrangement 
of tank [361 by Mr. Frank Candy deserves 
mention. The bottom of the tank is made 
flat, and in the centre is pivoted a horizontal 
perforated pipe which reaches to the side of the 
tank. This is pivoted on another pipe, which is 
carried up to within a foot or two of the full 
water-level of the tank, and at that point the 
sludge is discharged without pumping. Tlie 
pivoted pipe is revolved by hand from the 
outside of the tank when it is being cleaned. 
The perforations in the pipe being on the under 
side of it, and only a few inches apart, and the 
pipe itself being but a little above the bottom 
of the tank — enough to clear it — the rotation 
of the pipe covers the bottom, and the sludge 
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is drawn or sucked away from the whole of 
the surface. The pressure of water in the lank 
forces the sludge through the connecting pipe 
and out to a higher level, whence the slud^ 
can be run into a sump. The perforations in 
the pipe are larger than the space between the 
bars of the screening grid. The sludge produced 
is thicker than the sludge usually drawn from 
other precipitation tanks. Tlie removal of the 
sludge by this arrangement does not interfere with 
the flow of the sewage into the tank, and when 
the tank is started 
its working is con- 
tinuous. The usual 
precipitants that are 
or have been em- 
ployed are lime, sul- 
phate of alumina, 
protosulphate of iron 
(copperas), alum, sul- 
phate of iron, ferro- 
zone. 

Lime being a 
cheaper precipitant 
than sulphate of 
alumina and other 
chemicals, ’t may 
seem that its use 
necessarily produces 
economic results. 

This is, however, 
not always the ease, 
as any saving in 
the purchase of the 
cheaper precipitant 
may ho more than 
c’Oiinterbalanced in 
dealing with the large volume of sludge produced. 

The sludge that is the result of precipitation 
has to he got rid of, after the tanks are cleared of 
it, and if it can be dug into some waste land the 
expense of putting up and oiierating what are 
known as slttdgt presses will he avoided. 

Sludge. Sewage sludge is usually converted 
into a portable material in filter presses [87], 
made by Johnson & Co., Manlove, Alliott & Co., 
and others. The principle of construction consists 
generally of a series of circular or square iron 
discs, the faces of which are grooved and recessed, 
and are covered w ith a filter cloth. The plates 
slide on guides, and when they are close together 
they form a nearly eylindiical mass of discs, with 
hollow spaces betw^een them into w'hich the wet 
sludge is forced, generally by compressed air. 
The fluid passes through the filtering material 
to the grooved surfaces of the plates, whence it is 
conveyed by holes at the bottom of the inner 
part of the plate to the outside of the press. 
Tlie solids are retained in the space Ix^tween the 
discs, from which they are removed by sliding 
the plates away from each other on the guides 
by hand. Tlie wTiter, some years ago, devised 
a plan for rapidly opening presses of this kind 
by connecting the series of discs together with 
Jinks and attaching the whole to a crosshead, 
liiis was drawn along the guides, either by a 
knuckle-joint lever worked by hand or by a piston 


rod actuated by compressed air or steam, so 
that, as the piston rod drew the crosshead for- 
ward, it was followed by the whole string of discs. 

Sludge Treatment. The sludge, before 
pressing, is usually stored in an iron receiver, 
into which it is drawn from the sludge pit by 
exhausting the air in the receiver. With some 
sludges a little lime is added for the purpose of 
assisting the water to filter through the cloths. 
The sludge is generally forced from this receiver 
into tlie interstices of the discs of the filter 


presses by compressed air — at from 60 lb. to 
100 lb. per inch — which, being turned into the 
receiver, displaces the sludge. It is sometimes 
pumped direct from the sludge pits without a 
receiver. The cost of converting fluid sludge 
into this pressed cake is from 2s, to 2s. fid. 
per ton of cake containing about 50 per cent, 
of moisture, in which state it represents approxi- 
mately one-fifth of its original bulk. 

Sludge consists of about 90 parts of water to 
10 pt^rts of solid. As it dries its weight dimin- 
ishes, and the following simple rule defines this : 

Let X — weight of sludge to be ascertained ; 

8 ~ weight of solids in the sludge (which is 
constant) ; 

P = percentage of moisture in the sludge. 
Then y - S x 100 

'■ 100 - P* 

For instance, to ascertain what weight 25 
tons of sludge containing 90 per cent, of mois- 
ture would be reduced to when it is dried to 15^ 
per cent, of moisture : 

Twenty-five tons of sludge with 90 per cent, 
of moisture contains 2*5 tons of solids (which 
is constant) ; therefore, applying the formula, 
X = 2*94 tons. 

Detailed descriptions of various sewage dis- 
posal works are given in the writer’s book on 
^‘Sewerage and Sewage Disposal.” 


Continued 
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By JUSTIN McCarthy 


mubt now return for a time to the history 
of our own country, which wo have followed 
up to the end of Elizabeth’s reign. 

Queen Elizabeth was succeeded by James, 
the only son of Mary Queen of Scots and 
Darnley. But James succeeded not as the son 
of the Queen of Scots, but as the great-great- 
grandson of the English Princess Margaret, wife 
of James IV. James I. of England and VI. of 
Scotland had received much of his education from 
(xeorge Buchanan, the celebrated Scotch scholar, 
MTiter, and reformer. James remained in a 
guardianship which became a sort of imprison- 
ment because of his extreme youth and th(‘ 
ambition of thost; who had chargii of him to 
govern according to their o^vn ideas ; but in 157S 
the Regency was taken from the Earl of Morton, 
and James became — at least, nominally— King 
of Scotland. 

Ho had many quarrels with the clergy and 
the nobles during his reign, and showed a strong 
dislike both for the Presbyterians and for the 
Catholics. Ho seemed, for a time, determined 
to restore Episcopacy to Scotland, and did 
indeed establish bishops there. Li 1585 he 
inade a treaty with QinH»n Elizabeth, and he 
co-operated with the English against the Spanish 
Armada. In 1589 he married the Protestant 
Princess Anne of Denmark, thus allying himself 
with the Protestant Powers. 

The Gowrie Conspiracy. In 1000 
occurred the famous Gowrie consjiiracy, the story 
of wiiich is that the young King was hunting in 
Falkland Park on August 5th, when Alexander 
Ruthvin, brother of the Earl of Gowrie, met 
him, and induced James, who was always in 
need of money, to go to Gowrie House by telling 
him that a Jesuit, with a large sum of money, 
was a prisoner there. When James arrived he 
found only an armed retainer of the carl, and 
no Jesuit. Ruthvin then tried to kill James 
in revenge for the execution df the Earl ot 
Gowrie, Ruthvin’s father, in 1584. But the 
King managed to call to his aid Sir John Ramsay, 
who stabbed Ruthvin twice, and he and his 
brother, the Earl of Gomtic, were afterwards killed 
by two other followers of the King. This st-ory, 
however^ was, and still is, much disputed. 8ome 
said at the time that James, wisliing to get rid of 
the Ruthvins, had arranged the whole affair ; but 
it seems certain that there was a conspiracy among 
them to carry off or kill the King. It was said, 
also, that Queen Elizabeth was privy to the plot. 

When James came to the throne of England, 
in 1603, he was well received by the people in 
general, but he soon made himself disliked. 
Mr. Green says: “No Sovereign could have 
jarred against the conception of an English 


ruler, which had grown up under th#' Tudors, 
more utterly . . . His big head, his slobber- 

ing tongue, his cjuiltt;d clothes, his goggle eyes, 
stood out in as grotesque a contrast .... as 
his gabble and rhodomontade, his want of per- 
sonal dignity, his coarse buffoonery, his drunken- 
ness, his pedantry, his contemptible cowardice ; ” 
but “ under this ridiculous exterior was to 1 m‘ 
found a man of much natural ability, Avilh a con 
siderable fund of shrewdness, mother wit, and 
ready repartee.” 

He had much literary ambition, and wrol(‘ 
various essays and tracts, one being the famous 
“ Counterblast to Tobacco,” a treatise published 
in 1604, and intended to discourage the practice of 
smoking, then rec ntly introduced into England 

Gunpowder Plot. James Mas alwayN 
under the influence of some favourite, the* 
best knoM'n being the Duke of Buckingham. 
On them he lavished titles, offices, jieerages, 
and emoluments of every kind, wliile to 
relieve his own immediate M’ants he degraded 
the prerogative of the CroM'n by the actual 
sale of titles to rich and ambitious men. In 
1604 the abortive GunpOMdor Plot was devised, 
its object being to spring a mine under tluj 
Houses of Parliament on a day when the King 
would be present in the House of Lords, and 
when the Commons also Mould bo assembled, 
and thus to annihilate the King, Lords, and 
Commons at one fell swoop. Tlu‘ plot was 
devised by Robert Catesby, a Catholic of good 
family and fortune, M’ho had l^een fined and im- 
prisoned for his faith. Several other men of 
high family were undoubtedly concerned in th(t 
plot, which was discovered in time by an anony- 
mous letter M'ritten to Lord Moiinteagle. A 
search Mas made, and Guy FaMkes Mas dis- 
covered in some vaults under the House of 
Lords, which had apparently Wn hired for 
some supposed, and not unlaM’ful purpose, and 
in which the mine had been prepared to explode 
at a given signal. Catesby and some others fled 
on the discovery of the plot and sought jrefuge, 
l)ut Mere pursued by soldiers and killed. Guy 
Fawkes and some others were executed in the 
January of the folloM ing year. 

** The Wisest Fool in Christendom.” 
Tlie reign of James M'as made up of continual 
struggles against his Parliaments, and against 
the principles of the Reformation. He was an 
advocate of the Divine Right of Kings, and 
though he often spoke and MTote in favour of con- 
stitutional liberty, he m as in practice an opponent 
of all such theories. Sully, the great French 
statesman, soldier, and author, (jailed James 
“ the wisest fool in Christendom.” Macaulay, . 
in one of his flashing epigrams, describes him 
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as “ made up of two men — a witty, welUread 
scholar, who wrote, disputed, and harangued, 
and a nervous, drivelling idiot who acted.” 

James died on March 27th, 1625. His reign 
was, in almost every sense, unfortunate for his 
country as well as for himself, and the utmost 
one can do is to excuse him because of his bring- 
ing up, because of the unsuitable position to 
which his elevation to the throne brought him, 
and because of the fatal weaknesses of his 
intellect and character. He might have had 
a meritorious career if he had never been caKed 
to a throne. 

Charles I, His son, Charles I., was born 
in Scotland on November 19th, 1600. In his 
childhood and early boyhood he was delicate. 
This, however, he soon outgrew, and became 
not only proficient in all physical exercises, 
but a scholar of mu(‘h distinction. He became 
Prince of Wales in 1616, and negotiations 
were soon in progress for his marriage with a 
Spanish princess, and it was for this reason 
that Charles, under the influence of his father’s 
favourite and hia own, the Duke of Buckingham, 
made his romantic expedition to Madrid in the 
disguise of an ordinary traveller to see for 
himself whet her the princess was hkely to prove 
to his taste. He found that the Spanish Court 
and the Papal Government would never allow 
a Spanish princess to become the wife of any but 
a Catholic, and Charles would not accept these 
conditions. We may assume that devotion to 
his own faith was the main cause of this resolve. 

Charles came ba^’k to England filled with 
bitter resentment against Spain. Tlie English 
people gave him a generous welcome when 
he returned, on acc ount of his devotion to the 
principles of the Reformation. But the public 
sentiment was soon changed by the new^s of his 
betrothal to the French Princess, Henrietta 
Maria, sister of Louis XIII. of France, and the 
discovery that the marriage articles made it an 
obligation on h m to allow his intended Queen 
the free exercise of her religion and the care of any 
children of th#' marriage until each had reached the 
age of thirteen. The marriage, which was carried 
out soon after his accession to the throne, was a 
happy one. But Charles became, as years went 
on, more and more dependent on the counsels 
and the influence of his wife. 

The Duke of 'Buckingham. He had 
been for a long time under the influence of the 
Duke of Buckingham, but Buckingham made so 
many mistakes in home and foreign policy that he 
became intolerable to the English people, and in 
August 23rd, 1628, he was assassinated at Ports- 
mouth by John Felton, a dismissed officer. This 
act was partly one of fanaticism and partly of 
private vengeance. 

*\fter the death of Buckingham, Charles was 
more than ever under the influence of the Queen 
in his public policy, and, mainly under her direc- 
tion, he tried to make himself absolute ruler of 
the State. Even when in the conditions of the 
thnes some course he proposed to take might in 
iteelf be justified, he made the mistake of en- 
deavouring to cany it by his own decision 
instead of through the authority of Parliament. 
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Durmg the first four years of his reign three 
Parliaments were summoned and dissolved. 

The Petition of Right. In the last of 
these, that of 1628, Charles was compelled, after 
a long struggle, to assent to the famous Petition 
of Right, demanding four things: “(1) That 
no freeman should be obhged to give any 
gift, loan, benevolence, or tax without common 
consent by Act of Parliament. (2) That no 
freeman should be imprisoned contrary to the 
law^ of the land. (3) That soldiers and sailors 
should not be billeted in private houses. (4) That 
commissions to punish soldiers and sailors by 
martial law should be revoked, and no more 
issued.” To this, Charles at first replied eva- 
sively, but was in the end compelled to assent. 
Then followed an interval of eleven years, during 
w^hich he summoned no Parliament, but ruled 
according to his own authority, supported by 
subservient Ministers, judges, and courts of law. 

His greatest difficulty was to get sufficient 
money to maintain his Court and his policy. He 
allowed himself to be drawn into some futile 
quarrels with France and Spain, which ended 
in a patched-up peace, but cost him a consider- 
able amount of money, and from which he tried to 
retrieve himself by increased taxation at home. 

One of these taxes was that of Ship Money, 
which imposed on various cities and counties 
of England the obligation of providing funds 
to maintain a certain number of ships and 
men. It was an old tax which had been levied 
to maintain a navy to oppose the Danes, and 
had passed out of use for many generations. 
Charles revived it on his own authority, and the 
Court of the North and the Star Chamber fined 
and imprisoned those who resisted demands the 
legality of which was doubtful, although Charles 
obtained in 1635 from ten of the judges the 
opinion that the tax was lawful. It was met with 
a determined resistance by John Ham|Kien, a 
distinguished patriot, whose trial for refusing to 
pay the tax began in 1637. 

Beginning of the Civil War, At the 
same time that this tax made the King 
unpopular he was pursuing an ecclesiastical 
policy which was contrary to the feelings of the 
people in general, and his attempt to impose an 
English Church Service on the Scotch Presby- 
terians led to risings in that country. The 
attempted arrest of the five members of Parlia- 
ment — Hollis, Hazlerig, Hampden, Pym and 
Strode — on an accusation of high treason, 
in January, 1642, combined with these other 
causes to bring about a rebellion. [See Frontis- 
piece, Part 31.] Charles left London to prepare 
for war, and on August 22nd ho raised the 
Royal Standard in Nottingham, and thus 
the great Civil War began. Charles led his 
army in person, and showed great courage 
with some military skill. But he had set the 
great mass of the people against him by his auto- 
cratic conduct ; and soon there came into the field 
against him Ofiver Cromwell, the man who was 
destined to be his most formidable antagonist. 

Cromwell, like Hampden, had sat in the House 
of Commons, and, although he had no gift of 
eloquence and never became a Parliamentary 
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orator, his opposition 'was powerful. But his 
real gifts came out when he entered the army 
and fought as captain of a troop of horse at 
Edgehill and in other battles. 

CromweU*a Ironsides. Then it was 
that he organised his famous Ironside troops, 
whom he taught to combine rigid disciplme 
and resistless military force with strict personal 
morality and with political enthusiasm. At the 
battle of Marston Moor, near York, on July 2nd, 
1644, he opposed Prince Rupert, who com- 
manded the right wing of the Royalist army, 
himself a brilliant and reckless cavalry leader. 
Cromwell, at the head of the army trained and 
disciplined by himself, won a complete victory 
over his opponent, and from this defeat the cause 
, of Charles never really recovered. The battle of 
Naseby (June 14th, 1645), in which Charles him- 
self took part, ended in the hopeless destruction 
of his army and his cause, and in less than a year 
he surrendered to the Scottish army at Newark, 
and by them was handed over to Parliament. 
He was imprisoned for a time, but escaped ; 
was again made captive, shut up in Carisbrooke 
Castle in the Isle of Wight, and finally brought 
to trial at Westminster. 

Charles behaved then, as at many other periods 
of his eventful reign, with dignity and courage. 
Three times he refused to plead, declaring that 
the Court had no authority or capacity to try 
him. But such a declaration was futile before a 
court that had been created for the distinct 
purpose of his condemnation. He was in the 
hands of his enemies, whom he had made such by 
his arbitrary conduct; but it must have been 
evident to everybody that no pleading, and no 
defence which he could have made, would in any 
case have affected the decision of his judges. 

A Great Declaration in Parliament. 
Behind the Court, and all the civil authorities, -was 
the army which had fought against and conquered 
him. The House of Commons, where there was 
still a majority of members in favour of Charles, 
had been put through a process ever since 
kno-\\Ti as “ Pride’s Purge.” Colonel Pride, 
with a list of names in his hand, prevented 
those known to be in favour of the king from 
entering the House, and imprisoned any who 
resisted him. One hundred and forty members 
were forcibly expelled, and it was then that 
the resolution was passed to bring Charles to 
trial, and to nominate ^he Court. The House 
of Commons, thus newly constructed, passed a 
resolution — “ That the people are, under God, 
the original of all just power ; that the Commons 
of England in Parliament assembled — being 
chosen by, and representing, the people — 
have the supreme power in this nation ; and 
that whatsoever is enacted and declared for 
law by the Commons in Parliament assembled 
has the force of a law, and all people of this 
nation are concluded therebye, although the 
consent and concurrence of the King or House 
of Peers be not had thereunto.” 

This declaration foreshadowed the coming of 
that Commonwealth which was for a time to set 
aside the monarchy. But it was not a Parlia- 


mentary declaration in the true sense, and only 
came from a House of Commons reduced by 
force to the necessity of adopting it. The power 
behind the tribunal which tried Charles was 
not that of Parliament, but of the army. 
Charles had committed actions which no Parlia- 
ment and people worthy of freedom could pos- 
sibly endure ; but the declaration exacted from 
the House of Commons was in its meaning a 
demand for the foundation of a republic, and 
the demand was, for the time, soon to be satisfied. 

The Trial and the End. Charles faced 
his judges with calm and dignified courage. 
It was one of the finer qualities of his 
nature that upon a reallv great occasion 
he was able to shake off the hesitancy and 
vacillation which he so often showed in the 
ordinary business of lite ; and when he stood 
before the tribunal constituted to pronounce 
his sentence of death he presented as picturesque 
and dignified a figure as the art of the painter or 
the sculptor could have reproduced. Although 
Charles had denied the competence of the Court 
and had refused to plead, the trial lasted for 
several days, and numbers of witnesses were 
examined to prove the truth of the charges made 
against him. Charles was found guilty and was 
sentenced to death as a tyrant, traitor, murderer, 
and enemy of his country. On January 30th, 
1649, he ascended the scaffold wliich had 
been erected at Wliitehall, and was aw’aited 
there by two masked executioners. He bore 
himself with stately and superb composure, 
and one stroke of the axe brought his death. 
On Febniary 7th, 1649, he was carried to his 
grave in Henry VIII. ’s vault at Windsor. 

The King’s Mistakes. The w^hole story 
of Charles’s reign w^as a struggle l)etween the 
principle of absolute monarchy and the principle 
of republican government. Charles committed 
many errors as a ruler and as a man, but he was 
not a worse sovereign than many of his pre- 
decessors who were never brought to trial. He 
had miscalculated his own power when he asserted 
himself the master of his Parliaments, while he did 
nothing to conciliate the great mass of his people 
He turned against him an army w’hich a more 
judicious despot might have found means to 
hold for ever on his side. He had the 
will but not the capacity to be an absolute 
despot. He allowed himself to lie ruled by 
favourites ; but where the policy of the 
favourite failed, as in the case ot Strafford, he 
had not the nerve to stand by him to the last. 
Charles sacrificed Strafford —who, whatever his 
faults, was at least devoted to his Royal master — 
to his fears of a popular rising. He turned 
Churchmen and Dissenters against him ; he made 
Scotland and Ireland hostile to his rule ; he failed 
to appreciate the genius, popularity, and the 
rising power of CVomwell, and brought upon 
liimself the ruin which he might have diverted 
by displaying a spirit of fairness and of justice. 

He left six children behind him, two of whom, 
Charles Mid James, were destined to succeed 
him when the Common w^ea 1th of CVomwell 
had passed out of existence. 
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^THE chief analytical Ofx^ratioiiH required deal 
^ with the density of juices and syrups, the 
amount of sugar in a given sample of sugar, the 
l)roportion of glucose, the moisture, the soluble 
and insoluble ash, and the rendement. 

Density. Density is conveniently taken by 
means of an instrument known as a liydromete ) , 
the method in which a spc'cific gravity bottle is 
employed being too lengthy for general U8i‘. The 
tv\o hydrometers in ordinary use are the Baumc 
and the Brix, or Balling. The latter is preterj-(*d, 
as the graduations of the scale give clos(‘ approxi- 
mations to the percentage of total solids present ; 
lt)° Brix, for example, in a clean juice indicates 
10 pu’ cent, of sugar. hydrometer is a long 

glass bulb with a slender s])indle so weighted 
with mercury at the low(‘r tmd that- it main- 
tains the upright position when immersed in a 
liquid. The spindle is graduated and the 
instrument sinks or rises in the li(pnd in relation 
to the density; the ])oint at which the liquid 
cuts the spiiuile lM*ing read oiT on the scal(‘ indi- 
cate'S the degrex*. 

Principles of the Polariscope. The 

amount of sugar in raw' sugar is determined 
by the jmla risen ye, th(‘ d(‘gree ot polarisation 
l)eing the basis iqjon which sugar is Ijought 
and Customs duty levied. A ray of light 
is capable of being retl(‘ct<‘d or 
refracted in any direction ; but 
if a ray of light b(‘ j»laced undci’ 
such conditions as will t (‘strict 
its vibrations to one particular 
direction it is said to Ik* ^ndarised. 

There are several ways by which light can 
be polarised; in tin* instrunn'nt with which 
wc are dealing the method adopt(xl is that 
of double refraction. There are certain sub- 
stance's — Iceland spir, for example — which have 
the power of splitting uj) a ray ot light into 
two others of equal intensity, the* phenomena 
being known as doMe rvfraeiion, fSoe Physics. 1 
In a crystal of Ice'land spar the line connecting the 
points at which the three obtuse angles meet 
is the princijMil axis ; if a ray of ligat be passed 
through the crystal })avallel to this axis, it is not 
split up ; if, howevcM', the jxisition of the ciystal 
be altered, the emerging ray is found to be dividi*d 
into two. The degre*e* of separation dejiends upon 
the angle through wdiich the crystal has been 
turned ; when this angle amounts to a right 
angle, the sepamtion is at its greatest, and if the 
crystal lie still further turned through another 
right angle, they coincide [26]. For polarimetic 
observations, only one of the rays is used, the 
other one being throwm c‘ompletoly out of the 
field of view by means of a Nicholas prism. This 
is a crystal of Iceland spar the terminal faces of 
which are cut obliquely so as to give the new 
faces an inclination of 08". The whole crystal 
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is then divided into two at right angles to the 
new faces, and the faces are then polished and 
cemented together with Canada balsam. 

Polariser and Analyser. In examining 
a polarised ray it is necessary to make use of 
a se^cond Nicol’s prism, placed in such a position 
that its optical axis is in a line with that of the 
first. The two prisms are then termed the 
polariser and the analyser. If an ordinal*}^ 
ray of light be passed through the polariser 
and then tlirough the analyser, it is refracted 
in the direction of an extraordinary ray, and 
(‘merges from the analyser in that condition. 
If the plane of polarisation or analyser be so 
adjusted that it is at right angles to the* plane* 
of the polariser, no light will leave the* analyser, 
because the ray, aft<‘r passing through the* polar- 
ise'r and cntt*rmg the analyse‘r, takes the direc- 
fion of the* ordinary ray, whi(*h is absorbed in 
the case of the })rism. If the* analys(*r Im* 
rotated 1o the* e*\t(*nt of ISO , the* same* thing 
hap])ens ; at interme'diate* ]K)sitions the lickl of 
vision becomes more* or less illumiTiated. 

If a ray of light be* }>assed through a ]>late* of 
(piartz (cut at right angles to the axis of the 
crystal) it is sc})arate*d into t w o rays, which i>ro- 
ceed in opposite ciremlar direx'tions ; such a ray 
is said to be cii’cularly polarised, and is designated 
right-handed or left-Jiandod, as the 
case meiy be*. If a plate of quartz 
be displaced l)etween two Nicol’s 
prisms when their planes of polarisa- 
tion are at right angles to each 
oth(*r, a I’cd hght is seem ; the* 
angle* through which it is necessaiy to rotate* 
the analyser to make* the* fie*ld again non- 
luminous is termed the* ari(/k of rotation. 
Of the* several types of polarisco})c the half 
sluidow instrument is the one preferre*d. The* 
principal feature* of this type is the division of 
the circular field of vision into two halves. 
When the vernie*!’ is placed at zero the two halves, 
of the field are uniform in shade*. If an obser- 
vation tube 1 h* filled w'ith an optically active* 
liquid such as a solution of sugar and placed 
l)etw'een the polariser and analyser, the equili- 
brium is destroyed, the result being that one 
half of the field becomes dark and the other 
half bright ; the analyser is then turned to the 
right of the right half beshaded, or to the loft 
of the left half beshaded, until the field is once 
more of a uniform shade ; the rotation is then 
read from the scale. 

Schmidt and Haensch's Polariscope. 

The form of polari8co})e or saceharimeter in 
use in the British Customs Department and 
the United States Internal Revenue Bureau 
is that of Schmidt and Haensch, Berlin. Tliis 
instrument is adapted for use with white light 
illumination from coal gas. It is convenient 
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and easy to read, requiring no delicate dis* 
crimination of colours by the observer. It is 
adjusted to the Ventzke scale, which may be 
defined as “ such that the degree of the scale 
is one-hundredth part of the rotation produced 
in the plane of polarisation of white light in a 
column 200 mm. long ; by a standard solution 
of chemically pure sucrose at 17*5° C., the 
standard length of sucrose in distilled water 
being such as to contain at 17*5° C. in 100 Mohr’s 
e.e. 26*048 grammes of sucrose.” The instrument 
should be adjusted by means of control quartz 
plates, three different plates being used for com- 
parative adjustments, reading approximately 
100, 90, and 80 degrees on the scale respectively. 

A Description of the Polariscope. 
The illustration [27] shows the laU'st form of 
this polariscope. The tube B contains the illu- 
minating system of lenses ; the polarising prism 
is at P, and the analysing prism at G. F carries 
a small telescope through which th(* field of 
the instrument is 
viewed, and just 
above is the read- 
ing tube M, which 
is provided with a 
mirror and magni- 
fying lens for read- 
ing the scale. The 
tube containing the 
sugar solution is 
marked R. To use 
the instrument the 
operator seats him- 
self with his eye 
level vith the tube 
F, which tube is 
moved in and out 
until the projK*!’ 
focus is secured so 
as to give a clearly defined image, when the field 
of the instrument will appear as a red luminous 
disc, divided into two halves by a vertical lino 
passing through the centre, and darker on one 
half of the disc than on the other. If, now*, tlu? 
milled head A be rotated first one w ay and then 
the othei, the appearance of the field changes, 
and at a certain point the dark half becom(‘s 
light and the light half dark. By rotating 
the milled head delicattdy backwards and for- 
wards over this point, the exact position when 
the field is neutral or of the same intensity of 
light in both halves can be found. When the 
milled head is set at the point which gives the 
appearance of the centre disc in figure the 
eye of the observer is raised to the reading tube 
M and the position on the scale noted. On each 
side of the zero line of the vernier a space 
corresponding to nine divisions of the movable 
scale is divided into ten equal paits enabling 
fractional parts of a degree to be indicated. 

Method of Manipulation. Begin by 
weighing out 26 ‘048 grammes of sugar, dissolving 
it, clarifying the solution, making it up to 
standard volume (100 c.c.), and filtering and 
^ing the observation tube, regulating the 
illumination and making the polariscope reading. 
The sugar is conveniently weighed in a counter- 


poised nickt4 or German silver flask with a large 
lip, whence it is readily washed into the flask. 
Tne solution, before being filled up to the murk, 
is clarified by the addition of lead subaeetate 
or phospho-tungstic acid until no further 
precipitate takes place. Filtration and clarili- 
eation may often Ik? made easier by adding a 
few drops of suspended aluminie hydrate aftcT 
the lead. The flask is filled with pure water 
until the lower lino of the meniscus coincides 
with thi* mark on the neck, Tlie mouth of the 
flask is closed and its contents well shakc^n 
and poured on to a folded filter ; the first few 
cubic centimetres of the filtrate are rejected. 
The subsequent filtrate, if not perfectly clear, 
is returned to the filter until it shows no cloudi- 
ness. The polariscope tube is then filled and 
placed in the polariseoiK*, th(‘ scale of which, 
after neutralising the rotation produced by 
the sugar by turning the analytical prism of 
moving the quartz wedge, will give the pereeni- 
age of sucrose in 
the sample taken. 
A dark solution may 
either be read in a 
JIM) mm. tube or 
dcc()loris(‘d by bone 
black. A w(‘ak solu- 
tion may be read in 
u longer tube. 

Estimation of 
Glucose. The 
l eagent required for 
estimating reducing 
sugar is loiown as 
F(‘hling’s solution. 
1’ake 34*64 gramiiu's 
of pure crystallised 
sulphate of (‘opper, 
and dissolve it in 
200 c.c. of distilled water. iV-lso take* 187 
grammes of tartrate of soda and jiotash and 78 
grammes of caustic soda, and dissolve in 500 c.c 
of distilled water. Add th(‘ copper solution to 
the second solution, and mak(‘ up to 1,(MM) c.c. 
with distilled water. The eop})(‘r in 10 e c. 
of this solution is completely n‘duced by 
0*05 gramme of glucose, which is shown by 
the blu(‘ copper solution turning red and 
throwing down a precipitaU* of r(‘d cop[H‘r 
oxid(‘. To make the estimation, place 10 c.c. ot 
the Fehling solution in a flask over a Buns(*n 
burner, and make it boil. Then from a gradnaU‘d 
tube (burette") run in a few cubic ceritimetre.s 
of the sugar solution, again boil, and note if any 
blue colour remain in th(‘ liquid. If there U* 
still some blue liquid over tlu* red pr(‘cipitate, 
run in more sugar solution until all ih(‘ blue 
colour has disappeartjd. From the number of 
cubic centimetres of sugar solution required, 
the amount of glucose is determined by calcu- 
lation. The best results ai(‘ obtained when not 
less than 10 c.c. or more than 50 c.c. of sugar 
solution are needed for 100 e.c. of Fehling 
solution, and after making a rough estimation 
the strength of the solution is adjusted to 
conform with these requirements. The strength 
of the copper solution can be cke('ked or 
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standardifcjed by comparing it \^ith a nolution 
of pure invert sugar, prepared by heating cane 
sugar solution, with a few di’ops of sulphuric* 
acid to invert it. 

Moisture, Weigh from two to five grammes 
of the sugar into a flat-bottomed nickel or plati- 
num dish, and dry at a temperature of 100'’ (^. for 
three hours. Cool in a desiccator and weigh ; 
return to the oven and dry for an hour. If, on 
weighing, there be only a slight change in weight, 
the process may be considered finished ; other- 
wise the drying must be continued until the 
loss of water in onc^ houi* is not greater than 
0‘20 i)er cent. From the quantity of loss of 
weight of the sample taken the amount of 
moisture or water is calculated. 

Ash. Take five or ten grammes of sugar in a 
platinum dish, heat at 100 ’ C'. until the water is 
expelled, to allow flic action to take place 
slowly, and finally heat in a muffle to low redness. 
Then, by wighing the ash that is left, the per- 
centage of ash in the sample is obtained. The 
quantity of soluble ash is estimated by digesting 
the ash with water filtering through a Gooch 
crucible, ashing with hot water, drying the* 
residue at 100'’ C., and weighing. The difference* 
in weight from the above determination equals 
the soluble ash. 

Rendement. Kendcment is tlu' French term 
for the net amount of sugar in a given sample of 
raw sugar. It is d(*duced from the fact that each 
1 per cent, of ash in the raw sugar prevents 
5 }3or c*ent. of sugar from crystallising, and each 
] per cent, of glucose causes an equal amount of 
sugar to Ik* retained in the molasst‘s. Hcnc(*, 
from th(‘ amount of sucrose shown by the 
polarimt‘ter deduct five times the weight of ash 
plus the weight of the glucose present, and tlu* 
refining value, or rendement, is obtained. For 
instance, a sample of sugar polarised 93 per cent., 
the gliieosi* was 2 |>er cent, and tlie ash 1 ))er 
cent., 93 - (1 >5 i 2) 8() per eent ot 

Hvailabh* sugai. 

Sugar of MilK. The .source ol .sugar of 
milk is the whey from cheese tactorii'S or tlie 
skim milk from creameries. As separated from 
milk, it is a white crystalline mass which appeals 
in commerce in thick sticks. Switzc'rland toi 
many yeais controlled the milk sugar industry 
and supplied the markets of the world, although 
small quantities were ma le in oth(*r countries — 
for examjile, Germany. Between 1880 and IHtHI 
the manufacture was taken uj> in the Ihiited 
States, and the industry giew so that by 189o 
some milk sugur was exi>ortod to Great Britain 
and Germany. Enormous quantitiie.s are now 
made, one factory in Illinois turning out 10 to 
18 bai’rels (225 lb. each) a day. The Swiss process 
of manufacture on a large scale is to evaporat/i* 
50,000 litres of whey to dryness, a residue of 
about 1,250 kilos being obtained. This is dis- 
solved in waUT at 05'^’ C. in a copper pan, J kilo 
to 1 kilo of alum added, the solution filtered 
through animal cliareoal, boiled down to a syrup, 
and allowed to crystallise on cords or sticks. 
It is purified by recrystaUising and repeated 
precipitation by alcohol. The best grades 
are used in food and [diarmacy. The methods 
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of evaporating the w hey vary from open boiling 
pans to expensive vacuum boilers such as are 
used in cane sugar making. Filter presses like 
those described in the article dealing with beet 
sugar making are also employed. 

That maker whose process of making milk 
powder consists in allowing milk to trickk* on 
huge metal drums heated from the interior pn'- 
pares milk sugar from it by simple solution in 
water. The casein of the milk, which is the other 
chief constituent of milk, is rendered insoluble 
by the heat, and is left behind when using water 
for extracting the sugar. 

Ramage's method consists in evaporating 
slightly alkaline wiiey to half its bulk, adding an 
acid to remove the casein, and then, after furtln*! 
concentrating, pr(‘eipitating the milk sugar b\ 
adding methyl alcohol. 

In Kennedy’s process the milk is eontentrated 
to between 11" and 27' Baunie, and the product 
chilled to 32" F. until the sugar erystallis(‘s 
The crystals are removed by submitting tin* 
liquid to centrifugal action, and washing witli 
(‘old alkalirui water. 

Glucose, or Starch Sugar. Knoiinous 
quantities of glucose* are manufactured and 
used in the manufacture of confectionery, jams, 
beer, golden syrup, and for other purposes in tlu* 
industrie.s. Allegations hav<‘ been made as to 
the wholesomeness of glueo.se as an addition to 
arti(‘les of food. The matter was investigated by 
the National Academy of Sciences at Washington, 
and the committee of ehemists who examincci tlu* 
conditions of the industry reported that, provided 
no objectionable substaiu'c were us(‘d in th<* 
manufacture of glucose, the product w^as quite 
wholesome and unobjectionable. It was the us(* 
of sulphuric acid contaminated with arsenic 
for converting starch into glucose that caused 
the reinai’kable “ansenio in lieer” scare of 1904 
The use of glucose as a pr(*servativ(* of jams, in 
tlu* sense that it prevt‘ntK the crystallisation ot 
tlu* cane sugar, se(‘ms a legitimate use of tin* 
subsUmee, but it should not be forgotten that, 
as glucose is chea}>er than cane sugar, it is not 
inconceivable that cas(^s may arise in which an 
illegitimate profit may result, to the jirejndico ot 
the oonvumer 

The starch used i.s extr^wt(*d from maize, 
|)otato starcli, sago and rice starch, and i.s eon 
verted into glucose by heating it under pressure 
wdth weak acid. This process being complete' 
the acid is neutralised, and the product filtered 
and evaporated in a similar manne*!* to that 
employed in refining sugar 

Manbre's Process. In Manbie’s pI'occ^s 
jdace in a converter 56 lb. of sulphuric acid 
of a density of 66° Baume, add 5t)0 gallons 
of w'ater, and heat to 212° F. Into a wooden 
vat provided with steam pipe and stirring 
apparatus place 560 gallons of w'ati*r and 
56 lb. of sulphuric acid, heat to 85" F., and 
add one ton of starch. Mix w'ell, and raise 
the heat to 100° F. ; then pour the diluted 
starch into the converter containing the boil- 
ing diluted sulphuric acid and blow in steam 
to raise the temperature to 320° F., equivalent 
to a pressure of six atmospheres. When this 
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temperature is attained, open the cock of the 
distilling pipe and let the steam escape, when 
it will carry the volatile matters out of the 
converter with it. Test the mixture with iodine 
to find out whether all the starch be converted, 
no blue colour being obtained when this result 
is attained, and also with silicate of potash and 
lead acetate for absence of dextrine, no turbidity 
being given in the absence of dextrine. It takes 
two to four hours for conversion. Run the 
liquor into the neutraliser, and add lime to com- 
bine with the acid, and pass in carbonic acid 
gas to precipitate the remaining lime. Filter the 
liquor, and evaporate to 20“ Baum4. Clarify 
in a blow-up pan with charcoal, again filter, and 
evaporate to 28“ Baum6 for glucose syrup, or 
38° Baum6 for hard glucose. This process is still 
followed in some factories ; but the modern 
practice, as used in the United States, was the 
subject of a paper before the Institute of 
Brewing by Mer.srs. G. W. Rolfe and G. Dcfreu, 
from which the following particulars are taken. 

Glucose Manufacture in the United 
States. Maize is placed in steep tubs capable 
of holding 2,000 bushels or more. Water at 
150° F. is added and the steep allowed to cool 
to 90° F. Sulphurous acid is added to prevent 
putrefaction and to assist softening, and the 
Hteejiing is continued for from three t^ five 
days. The separation of starch is brought 
about by grinding the wet grain mixed with 
water, separating the starch grains from the 
woody pulp and germ by washing through 
rapidly shaken sieves of bolting cloth, and 
settling out the starch from the gluten by 
subsidence while passing over gently inclined 
runs, called “ tables,” resembling a bowling 
alley. In many factories the germ is removed 
separately by a special process. 

The starch collected on the runs, and con- 
taining about 50 per cent, of water, is mixed 
with water to a thick cream of 20° Baume, and 
then converted with hydrochloric acid in large 
copper boilers at a steam pressure of about 30 lb. 
The amount of acid used is about 0 0006 of the 
weight of the starch. In some factor ies sulphuric 
acid is used, and seems to be advantageous, in 
the manufacture of candy goods. Oxalic 
acid and hydrofluoric acid are also some- 
times employed. The point of conversion is 
controlled by the disappearance of the dextrine 
precipitate when the liquid is poured into alcohol. 
In making 83 rrup glucose, the acid is mixed with 
about fifty times its bulk of water, and run into 
the converter. Steam is then turned on, and 
pressure maintained at 30 lb. while the starch - 
milk is being pumped into the boiler, which 
takes about naif an hour, and the heating is 
continued after this for 40 minutes or more. 
The degree of conversion is, in this case, entirely 
controned by the iodine tost. As soon as the 
conversion is complete the liquid is blown out 
into the neutraliser, where sodium carbonate 
is added. The neutralisation is a process 
of ^eat delicacy, as any excess of acid or alkali 
will seriously affect the refining operations 
which follow. Prnperly neutralised liquor should 
show only the acidity caused by carbon dioxide 


or the weakest vegetable acids. It is of a clear, 
bright amber colour, and contains large floccii- 
lent masses of coagulated gluten, which, in a test- 
tube, form a layer of about half an inch thick. 
When the proper point of neutralisation is 
attained, this layer is greenish -drab, owing to th(‘ 
precipitated iron. 

Refining Glucose. The refining proces < 
is, in general, similar to that of sugar. Glficoae 
Ivfnors are, os a rule, put twice over bone black 
(free from ammonia or caustk; lime) first at their 
original concentration of about 18° Baume. and 
again after concentration to 28° to 39° Baume, 
the denser syrup going over fresh black. The 
revivifying of the bone black is carried out on 
lines similar to those of sugar. The heavy liyuor 
goes direct from the tilters to the vacuum pan 
in most modern factories, and in this linal con- 
centration sulphites are added in amounts 
varying from 0*008 to 0*050 per cent, of sul- 
phurous acid. The function of these sulphites is 
to prevent oxidation and consequent coloration 
due to the formation of caramel-like bodies, to 
bleach ferric salts as a prevention of f(‘rraentation 
of low, concentrated products, and as a prt*- 
ventive of oxidation of candy goods hi the candy 
kettle. Confectioners’ goods are more heavily 
” doped ” than others. 

In refinhig grape-sugar liciuors, the concen- 
trated syrups are drawn off into pans or bari els. 
and allowed to sol'dify, a seed of crystallised 
sugar being often added to facilitate crystallisa- 
tion. 

Anhydrous grape-sugar is made in a similar 
way to the syrup, which is refined at lower 
concentrations tliroiighout the process in order 
to obtain a purer product. When crystallisation 
is comploU', which takes about three days, tlu* 
sugar is purged in centrifugals. Glucose syrups 
are made of six concentrations — 39", 41°, 42 , 
43°, 44”, and 45° B;’>ume. Mixing goods art* 
generally finished up to 39° or 41' Baume, 
the latter being the grade usually sold to brewt‘rs. 
"J’he higher concentrated products are used by 
confectioners and are characterised by a greater 
perfection of refining and a large amount of 
sulphites. They are frequently ” whitened ' 
with a little methyl violet. 

Testing Glucose. A well-refined glucose 
is practically colourless and clear. If a whit * 
glass cylinder be filled with glucose, its coloin*. 
as well as any turbidity, may be seen. If the 
colour be a pure white the sample is dyed, as can 
be proved by exposing to the light for a few 
days, when the darkening which all glucoses 
undergo difsturbs the colour balance, and the 
presence of dye is made more evident. If no 
dye be present the glucose, unless quite turbid, 
will show some colour, usually green or yellow. 
These tints are almost invariably present, and 
reem to be caused by traces of iron salts and 
vegetable colouring matters. They are of littl* 
consequence, except as indicators of the thorough- 
ness of the refining and the removal of albu- 
minoids and oil, which affect the colour of the 
product. As to turbidity, cloudiness caused by 
faulty conversion, separation of dextrins, or sugar, 
is of rare occurrence. A smoky appearance is 
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often caused by bone-black rust, or, in some 
cases, by iron sulphide when a large quantity 
of new black is used in refining. These, of 
course, are the results of improper preparation 
of the black. White cloudiness is caus^ either 
by calcium salts or by organic growth due to 
fermentation. The valuation of solid starch 
sugars is practically based on their dextrose 
content. Whiteness, of late years, seems to be 
more oi a desideratum than formerly; hence 
the practice of dyeing is becoming common. 
The principal mineral impurity is iron, which, 
however, is rarely present in more than traces. 
A delicate test for it is cochineal. Sulphites 
must be lirst removed and the solution made 
neutral or faintly alkaline. If iron be present 
the* crimson of the cochineal gradually passes 
to violet. For some purposes glucose is tinted 
vdth caramel to make it resemble cane sugar. 

Glucose Manufacturing Plant. W(‘ 
now deBcril>e th<* plant used for making glucose. 
Two o]Km convert i‘rs foi- receiving the starch 
liquor from the settling tanks, or two wooden 
vessels, should measure 5 ft. 9 in. in diameter, 
H ft. 9 in. deep, be secured by bands on the 
outside, l)e lined with thin sheet copper, and 
he provided with a copper heating coil and 
agitator. 

The closed converters consist of two copper 
cylinders 5 It. in diameter and 12 ft. deep, 
with closed ends J in. thick and sliell jj in. 
thick, with the nwessary inlets and outlets for 
liquor and steam and condensation, and copper 
coil, also the safety valve and pressure gai^e. 

The bag filters should Im* of the Taylor 
type, and have a capacity of filtering 10,00(‘ 
gallons in U) hours. 

The animal char d(‘partment should consist 
of four cast-iron filters 4 ft. in diameter and 
18 ft. long, in three or four lengths, and 
have the necessary inlets for different liquors, 
Avnshwater and steam, also the liquor outlets. 

I'he revivifying kilns should consist of 14-pipe 
kilns with a capacity for revivifying 10,000 ft) 
of bone bl.ick j>er day of 24 hours. 

Elevators are necessary for conveying the 
cliar from the kiln to the receiving tank, -which 
will supply the four char tilters. 

(Vmetmt rating plant sliould be the trii)le 
effet ty|H', the vacuum pan to 1 k‘ a coj)per pan 
.'ift. C in. in diameter witli 5 ft. depth of curb, 
incline bottom, dome, overflow and condenser. 
arrang('d to work on the dry system ; the heating 
surface of the pan to consist of three 2J in. 
seamless copper coils held in position by braces 
thoroughly bolted within the pan. All bolts 
within tho pan to be of Muntz metal ; tin* 
bottom of the pan to have four lugs so as to 
rest upon the beams of the building 

Complete Plant for Making Glucose. 
Tlie illustration [281 is a sectional elevation 
of a factory descrilied by W. T. Jebb, Buffalo, 
Now York (4094 of 1882) A shows steeping 
vat, a discharge spoids, A^ disintegrating or 
crushing mills, A*-^ agitating vats. A* another 
set of agitating vats, B separating machine, 
h shaking-sieve, h‘^ receiving hopper or re- 
ceptacle, separator for coarse offal, 
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settling vats, B- agitating vats, C t,d)l(‘s or 
runs where the starch is deposited, C’ mixing 
tub, another set of starch tables or nms, 
tub for grading starch, C* draining box, 
O'' dry kiln. O' refuse cistern, D closed converter, 
d perforated steam coil, pipe for admitting 
steam, d^ valve, steam outlet pipe, d^ pipe 
for conveying liquid to converter, d’ valve, 
d*' and d~ test coi'ks, d” pipe, d*' steam pip(‘. 
d*^' valve, d^> blow-off pipe, d’^ and d’^ steam 
pipes, d^* and d’^* globe valve, d’<' manhole, 
d^' steam gauge, d-^*' pipe, E blow-off tank, 
e vent pipe, F tank or vat, P pipe to 0 neutral- 
ising tank, H neutralising tank, I settling tank, 
J bleaching tanks, Jc furnace, K pump, pip's, 
cooling vessel, washing vessel, L receiver, 
M filters, M’ bag filters, N receiving tank, N* 
bone black filter, N- conveyer, hopper, 
N* shaking sieves, N' box receiver, spout, 
N" steam tank, 0 tank, vacuum pan, O" 
receiving tank, P press filters, bag filters, 
Q cooling apparatus, q pans or moulds in which 
the glucose hardens, R cutting machine, 
S drying chaml)er, S' suction fan, T horizontal 
rollers, U centrifugal machine, disintegrating 
machine, V drying apparatus, v steam jacket, 
r’ rollers, steam supply pipe, rotating pipe, 
branches, ?/* space between walls of steam 
jacket, r*' hollow head, openings, tulH*s, 
steam pipes, condensed steam discharge, 
strips or buckets, cylinder casing, 

r'' inlet openings, suction fan, ' hood 
terminating in tulns connected with chess<- 
hopper. tul)e, and lioppers, 

feed roller, W disintegrating mill, X stoiage l)ins 
The Bounty System. It has been the 
praeti(‘e of European countries to give bounties 
to the manufacturers of beet sugar on all sugai 
exiiorted. the idea being to stimulate the industry 
in the countries -where bounties were given. 
This policy had the effect of making sugar for 
local sale more expensive, and of dojiriving tlu' 
people of a nutritious food. Sugar refiners also 
felt the effects very severely, and the West 
Indian cane sugar industry was affected. This, 
and countervailing duties on sugar imported 
into India, brought matters to a head, and a 
conference was called in 1898, wh’ch ended in 
the JniernationaJ (\mvenlion, which has for 
its object the equalising of the conditions of 
competition between beet and cane sugar, and 
the jiromoting of the consumption of sugar 
The Sugar Duty. The Finance Act, 
1991, imposed an import duty on sugar and 
sugar-containing articles as from April 19th, 
)9<ll. The folio-wing are the chief rates : sugar 
of a polarisation exceeding 98 deg., 4s. 2d. per 
cwt. ; sugar of a polarisation not exceeding 
76 deg , 2s. per ewt. Tlio intiTinediate duties 
are cahmlated from these charges. Molasses and 
invert sugar, if containing 70 per cent, or more 
of sweetening matter, 2s. 9d. per cwt. : if con- 
taining less than 70 per cent, and more than * 
.50 per c(‘nt., 2s. per c-wt. ; not more than 50 
per cent.. Is. per c-wt. ; glucose, solid, 2s. 9d. 
per cvd. ; glucose, liquid, 2s. per cwt. Tho 
imposition of sugar duty involves also duty on 
blacking, candi(‘d peel, caramel, cattle foods 
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containing molahscK, chcrrieH, chutney, Rugared ditionR of tiio AHSoeiation an to Moiglit, delivery, 
coconut, confectionery, crystallisod flowerR, and payment. The cwt. in taken an equivalent 
canned or bottled fruit containing syrup, pre- to 501 kilos, and bags, when URcd, must be new, 
served ginger, marmalades, jams, sweetened and weigh not less than 850 grammes before 
spirits, marzipan, condensed milk, Nestle’s milk filling. Tnere are separate conditions for Dutch, 
food, soy, and tamarinds. French, (merman, Austrian, and Belgian sugars. 

Effect on Price of Sugar. The effect French cube sugar comes in cwl. cases, and 
of the Convention and Sugar Duty, com- Dutch crushed sugar in barrels of about 2 cwt. 
biped with a shortage in the Continental beet First MarKs. German Granulated Siu/ar. 
sugar harvest, ha^ been to raise the price of These are, Bonart, C.F., C.R.M., D.V., 
sugar in Great Britain, and to affect businesses F.M.S., G.D., Glauzig, Grceningen, Grasso, Hansa 
which depend largely upon cheap sugar. The J.B.R., J.H.. J.H.B.M., O.F., R.A.C.L., R.A.V., 
following table from De Silva’s circular shows S.P.R., Star, Z.H., Z.A., Z.A.F., Z.R.B., Z.R.D., 
the fluctuation in the average “ spot ” price Z.R.M. 

of sugar for the last three years ; German Cubes. Hansa, C.Z.F., A.S.P., S.P.R., 

F.K.L., T.T.D., A.C.L., S.Z.G., Z.R.D., F.M.S., 
R.A.V., Meyer, X.L.R. 

German Cut-loaf and Loaves. C.Z.F., A.G.L., 
German CrifstaU. A.S.P., S.Z.G., E.A.R., A.Z , 
R.F., S.P. 

German Castor Suyar. Skene, A.S.P., G.S., 
X.L.R. 

French Granulated. Li‘baudy, R.P., A.T. 

It will probably need further statistics to prove French Cubes. Lebaudy, E.S., R.P., Say. 

whether the rise in price is due more to shortage Dutch Cubes. A.S.R., S. & T., W.S.R. 

of crops and more local consumption than to Dutch Cut-loaf and Loaves. A.S.R. 

duties, but meanwhile it is interesting to note Dutch Crushed Sugar. A.S.R., S, & T., W.S.R. 

that the amount of sugar consumed in Conti- Dutch Crystals. W.S.R. 

Cental countries has much increased. Belgian Cubes. R.T., R.B., Super. 

Sugar Weights and Marks. On the Belgian Cut-loaf and Loaves. M.F. 

^ndoQ market, reflned sugar contracts are made Bet^n Crushed Sugar. R.B. Super, 

in the form laid down by the Refined Sugar AvMrian Cubes. C.Z.F., T.T.V., T.T.D. 

Association. The contract embodies the con- Austrian Crushed Sugar. T.T.V., T.T.D., E.S. 

Sugar concluded ; followed by Condiments 



4559 






Group 24 

THE STRUCTURE OF MATTER 

PHYSICS 

32 

The Science of Crystallography. Its Value in Industry. The Molecular 

ContmneO from 
IMige 44')(> 

Structure of Metals. The Physics of the Stars. The Problem of Solution 


By Dr. C. W. SALEEBY 


the many new HubjectHto wliicJi reference 
lias lately been made wo must choose only 
those which are of wide interest, or, rather, tlxose 
which we can already reco^?nise as being of wide 
interest. The scope of oiir eourst* will have been 
very wide, but tht* reader miist/^not imagine that 
it has been possible for ns to keep pace with 
what one of its most distinguished workers, 
Mr. Whetham, calls “ the recent development 
of physical science. ’ We cannot, for instance, 
discuss the newest work which has been done* 
by Sir James Dewar and his followers in th(‘ 
liquefaction of gases, a proe(*ss which has been 
successfully aceom])lished nith (‘very known 
gas, with the solitary exei'ption ot h(‘lium. »Sii‘ 
.lames Dewar, howevc*!', has lately Ixmui able to 
return to etive work, and we may ho}>e that h(‘ 
will at last conquer e\en this gas 

The Study of Crystals. We may briefly 
refer to anothei* very important study which 
is also concerned with our (‘oneeption of the 
three stat/cs of matt(‘r. 'J’hia is th(‘ study ot 
solidification and erystnllisation We can merely 
direct the read(‘i‘V attention to the subject on 
thr<‘e distincit grounds, 

First, we must recognise that the study ot 
crystals will help us to im(l(‘rstand the mole- 
cular structure of mait(‘r We must believt* 
that the vaiyiiig shaju'S ot crystals depend, 
in som#‘ way, upon the varying shapes of the 
molecules of which they are* composed W(‘ 
eonc(‘ive of molecules, of cours(*, in terms of 
,si (reo-chemist.ru — that is to say, in terms of three- 
dimensional space. In our recent studies, both 
in physics and chemistiy, we have seen how 
different kinds of crystals ar(‘ able — ^ultimately 
in eousequemjc of th(‘ir molecular structure — 
to produce* remarkable changes in a beam of 
light, and we have* also noticed the cxtraordmaiy 
fact that theae* are certain forms of life which 
have a selective affinity for eryslalh, or, rathea*, 
for mole'cules of certain sluxpes, hut do not act 
upon other molecules which are identical in every 
way but for the one difference whieJj eonvsponeD 
to the difference botw(*cn the right hand and the* 
left, or between any object and its mirror image*. 

The Crystalline Structure of Metals. 
{Secondly, the study of crystals and crystalline 
structure is now s(*en to be of extraordinary 
practical importance; just as all trees have* 
fiowers, though the flowers are inconsjiieuous, 
so the metals, though we do not readily 
recognise it, have a crystalline structure. 
Further, we find that to this crystalline 
structure, to these mutual relations of the mole- 
cules, must be referred the gross physical 
properties of any specimen of a metal. The 
ultimate difference between the rod of steel, 
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or the tube of steel, which remains intact and 
another whie'h bursts on board a steamship and 
kills a dozen men with scalding steam is to be 
found in crystalline* structure, in the relations 
which the molecules assumed when the steel, or 
othe‘r metal unde*?' (‘f)nside*ration, underwent the 
proee*SH of solidification. It is interesting to note 
that the microscope, inve*nted in the interests of 
biology, and long used by biologisls alone, now' 
forms an invaluable* part of the* at mnmentariim of 
the metallurgist, who is emablod by its me‘ans 
to make* minute study of the* eiystalline forms 
ot various specimens of veil ions metals and alloys, 
aind to ooiTclale^ ditfe'remees in this r(*sj)ect with 
physical pr(>])erties, such as brittleness, elasticity, 
de'iisity and the like. 

Value of Crystallography in In- 
dustry. If thev )’(‘adei’ should ask where he 
must look for tin* most note‘W'orthy advance's 
m this subject, and for the most extensive* 
knowle*dge, he* may he referivd to the University 
of Sheffield, the motallurgie*al work of which 
affords an admira-hle* instance* of that wise* 
tendency towards specialisation which the* 
universities of this coimti’y are* now exhibiting. 

In this connection we* may quote from Dr. 
A. E. H. Tntton, F.R.S. (“ Time*s,*' June 2bth. 
1900). Speaking of crystallography, he says: 
“Its be*aring on t'nginoering, moreover, is* ot 
no trifling eUarae*ter, since^ the whole of the 
metallic materials (‘uiployed by the enginee*!* are* 
erystalline* suhst‘ine;e‘s. Hunelreds of valuable* 
lives have l)ocn sacrifiecd by the existe'nce ot 
flaw's ill metallic lieams, girders, tie-rods, bolts, 
rails, wheels and axles, consequent on local 
development of erystalline structure, or on the 
local se*paration of crystals of a particular con- 
stituent in an alloy e>r a steel. Many of these* 
might liave hee'ii save*cl if we had possessed 
e‘xact knowledge* of the crystal lographical 
character of metals, ;nid of the intlueuiee* upon 
it of the* various metallurgical and mechanical 
processes to which steels arc subject. Inves- 
tigations to this e*nd are at le*ngth l)e*ing tardily 
initiated, and the practical utility of this branch 
of ciystallography is so obvious as to appeal 
to all, and from motives equally ceonomie* and 
humanitarian. ' 

** Neither Alive nor Dead.” Thirdly, 
the study of crystals , is" of "the most extra- 
ordinary interest in relation to the problems 
of life. In the narrow sense crystals are not® 
alive ; but they display certain characters which 
strongly suggest that,' from' some points of viow% 
they may be regarded as intermediate between 
the living and what we are pleased to call 
non-living. M. von Sehron, the Director of the* 
Pathological Institute of the University of 
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Naples, has been working for many years at this 
subject, and appears to have re\arhed some 
amazing results. He believes that a crystal is 
an organised evolving being like an animal or 
a plant, and having its own biological laws. 

In rocks he discovers what lie calls petro-cells 
(from the Greek word for a rock), and in these 
he recognises by the microscope a definite nucleus. 
He has taken thousand ; of photographs of what 
he believes to be crystal cells which are 
formed when a salt crystallises out of a solution, 
and he declares that the struggle for existence 
can be detected amongst such cells. In his view, 
all minerals are colonies of beings uhich live 
or have lived. 

Does all Matter Respond to Stimu- 
lation ? A very distinguished Indian physic- 
ist, Professor Chundra Bose, of the Presidency 
(\)llege, Calcutta, published in 1902 a r(‘- 
markable l)Ook, entitled “ Response in the 
Living and the Non-Living,” in which he was 
enabled to show that various crystalline forms of 
matter exhibit response to electrical stimulation, 
and show fatigue and electrical phenomena 
identical with those which the ])hysiologi8ts have 
hitherto described as characteristic of living 
muscle. His work was met with the usual and 
necessary incredulity accorded to the pioneer, but 
his results have stood, and in the present year 
he has published another book, called “ Plant 
Response,” which carries his work still furtluu-, 
proving the identity of response to stimulation in 
the animal, in the plant, and in various kinds 
of (Ty’stalline inorganic matter. We may briefly 
quote from page 40 of Professor Bone's re- 
markablv' book, published in this country by 
Messrs. Longmans, Green & Co. : 

“ By following the electrical method of 
in(piiry’ which has just been d(‘scribed, I liave 
been able to prove that the power of responding 
to stimulus, and, under certain conditions, the 
arrest of this power, is the characteristic, not of 
organic matter only, fmt of all matter, both 
organic and inorganic ; and that, in general, the 
various ^g'^ncies which bring on the inoflification 
of response in one i*ase — ^^uch as fatigue, 
temperatuio changes, stimulating or depn^ssing 
chemical reagents — act in the same W'ay in the 
other. The capability of responding, so long 
regarded as the peculiar eharacterist ie of the 
organic, is also found in the inorganic, and seems 
to depend in all cases, both qualitatively and quan- 
titatively, on the condition of molecular mobility.” 

All Elements have Crystalline 
Fornris. We may conclude our })ri(‘f review 
of this big subject by one or two more 
references to the work of Dr. Tutton, which 
is of extreme importance. He says : 

” Tlie fundamental fact of the science is that 
every solid chemical element, whether metallic 
or non-metallic, and every solid substance of 
•definite chemical composition, be it naturally 
occurring or artificially prepared (with the ex- 
ception of the few which have never yet been 
obtained in the crystalline condition owing to 
the great viscosity of their solutions or of their 
molecules when in the state of union), has its own 
definite crystalline form, which is just as much 
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a characteristic feature of the substance, by 
which it can be identified, ns ivS any one of its 
chemical or physical properties. This is a state- 
ment which it has only quite recently bet*n 
possible to make with certainty. For it was for a 
long time thought that the members of the 
numerous w'cll-known series of analogous chemi- 
cal compounds (which only differ in containing 
a different mom tier of a family group of chemical 
elements as their dominating and generally 
metallie constituent) w’cre absolutely idimtical in 
their crystalline form, and they w'ore consequently 
classed as ‘ isomorphous.’ But the author of 
this article has been able to prove, as the result 
of fifteen years’ work, that although the forms 
are very similar, and although they belong to the 
same type of symmetry, th(‘ angles betw^een their 
corresponding faces are different, to the extent it 
may be of only a few minutes of arc, but in some 
cases by as much as a couplt' of degrees. Mon'- 
over, the amount of the difference is governed 
by a definik' law, which connects the atomic 
weight of the metal or other dominating (acid- 
forming) element prestmf with the whole of the 
properties of the (‘rystals, whether of exterior 
form, of optical character, or of inkirnal structure. 

“ The main result of the highest refinement of 
crystal measurememt has been to establish the 
fact that perfectly developed crystals of the same 
chemical substance invariably exhibit faces in- 
cJiiK'd at precisely (to within one or two minutt‘s 
of arc) the same angles, whatever may be the 
variations in the relative sizes of the diflerent 
faces. In brief, tht? interfacial angles of crystals 
of the same substance are constant, and are 
the peculiar property of that .substance, dilTer- 
entiating it from all others.” 

The Physics of the Stars. The kTin os/ro- 
yhysics, which has been popularised by the work of 
Miss Agnes (’lerk(‘, is equivalent to what is usually 
meant by the “ new astronomy.” It is obvious 
that the law of gravitation is a law of the physics 
of the stars ; but this is not quik‘ the meaning 
of the term astro-physics. It is practically 
astronomy as studied by the spectroscope, and 
depends upon the application of our knowledge 
of optics. Partly, as we have already seen, 
astro-physics deals with a purely physicail pro- 
blem, such as the effect of radiation pressun* 
upon mov(‘ments in the heav(*ns, or the study 
of the motion of stars in the line of sight 
But mainly, perhaps, astro-physics deals with 
chemical problems — only that they are solvi'd not 
by chfunical but by physical means. But we 
have discussed, in concluding the course on 
(^hemistry. the chemistry of the stars and 
the manner in which physical means hav(* 
enabled Sir Norman Lockyer and others, even 
before the demonstration of the transmutation of 
the elements on the earth, to declare that such 
transmutation takes place in the heavens. Hero 
we merely ask the reader to obtain a d(‘linite 
idea of what is meant by astro-physics — a new 
astronomy of which the telescope is only a 
subordinate instrument, which entirely depends 
for its prosecution upon the employment of 
physical methods, of which by far the most 
important is the spectrum analysis of light. 
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The Problems of Solution. Tho moment 
we turn the mind to such a simple phenomenon as 
tho melting of a lump of sugar in a cup of tea we 
realise that, commonplace though this be, it is 
profoundly interesting, and must surely be pro- 
foundly important. In the present outline dis- 
cussion of it wc shall follow Mr. Wlietham, Avhoae 
“ Theory of Solution " (John Murray) is the 
most authoritative book upon the subject. 

The problems of solution are important on 
every score. They have always been recognised 
as important for the physicist and the chemist, 
but we are only now’ beginning to recognise their 
extreme importance for the biologist and the 
})hysiologist. The r(‘ader has only to l efer to such 
a book as “ Recent .Advanc(‘s in Physiology and 
Bio-(/hemistry ” (by numerous authors ; Arnold, 
190h) to see that the greater our knowledge of 
the facts of solution in general the nearer W’e shall 
be towards understanding the facts of life in 
general and, nota})ly, the facts of the ndations 
between the infinitely complicated and numerous 
processes that are necessary f()r the life of the 
higher organisms. According to Mr. Whet ham, 
''the application of physical conceptions to the 
prohlcrn of livin'] matter chiefly depemfs on the 
knowledge we posses'^ of the jihj/sim and chemistry 
of ordinary solution'' 

Tt is of interest that the biologists were the 
pioneers in the modt‘rn elucidation of this sub- 
ject, which began about a generation ago. Tho 
biologist Trail be, follow'cd by Pfeffer, showed how’ 
to construct what are cnll(‘d “semi-permeable 
membranes,” which w’ill permit water to pass 
through till m, but will completely arrest certain 
substances that may be dissolved in the w’ater. 
These nuanbranes are in general made of porous 
unglaz(‘d earthenwans which has been impreg- 
nated with certain salts. The remai’kable fact 
is that such semi-permeable membranes are 
found almost everywhere within the bodies of 
animals and plants, and play, as w’c now knows 
a most important part in their life. 

The Laws of Osmotic Pressure. If 
we prepare a cell, the waills of which have 
this property, and fill it with a solution of 
sugar in water while we bathe its exterior in 
pure water, wt find that this forces its way 
into the cell up to a certain point. This point 
can readily be measured if the cell has a glass 
tube containing nu'rcury attached to it. Such 
a pressure gauge w'ill indicate for us what is 
called tho osmotic pressure of the solution after 
the maximum amount of w’ater has forced its 
way into the cell from witliout. 

This osmotic pressure follow’s certain laws, and 
these have been elucidated by the most dis- 
tinguished student of physical chemistry now 
living. Professor Van’t Hoff, of Berlin. We 
may quote the following two laws as stated by 
Mr. Whetham. The results obtained by Pfeffer 
show : 

(1) That the osmotic pressure was inversely 
proportional to the volume in which a given 
mass of sugar was eonfim d. 

(2) That tho absolute value of the pressure 
in the case of the solution of sugar w’as the same 
as that which would bo exerted by an equal 
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numbar of molecules in a gas when placed in a 
vcrsel with tho same volume as the solution. 

Theao laws are of extraordinary interest, for 
they must instantly recall to our minds two other 
law’s with which we have long been familiar, 
and of which these new laws are verily no more 
than extensions. We already know the law of 
Boyle, that the volume of a gas is inversely 
proportional to its pressure. We now discover 
that this general proposition holds true not only 
of gases, but also of dilute solutions — evidently 
a spier d’d result. 

Secordly, we know the law of Avogadro. 
wdiich states that tho pressure of a gas depends 
upon the number of molecules present and no" 
upon their nature. We now discover that 
this law is true not only of gases but also of 
dilute solutions — an equally splend'd result. 

Several workers have sliow’n by other argu- 
ments “ that the osmotic pressure must b(‘ 
equal in amount to tlie gaseous pressure exerted 
by the same number of molecules when vapour- 
ise d, and must conform ‘ to the laws which 
describe the temperature, pressure, and volumi* 
relations of gaseous matter.” This holds good 
w'^hatever may be our precise theory of tlu' 
nature of the process of solution. It may be 
almost impossible to frame any clear idea of 
what actually happens w’hcn sugar melts in tea, 
and yet we are cnabkd to frame laws of solution 
which are absolutely identical with the corre- 
sponding laws of gases. 

Mixtures and Compounds Again. 
How far do these laws help us to determine 
w^hether solution implies the formation of any- 
thing that can be calkd a chemical compound, 
or whether it means no more than a mixture ? 
Elsew'here, of courses we have seen evidence' to 
show’ (in the case, for instance, of the relation 
between w’ater nnd alcohol) that some chemical 
action must be involved ; and on the whole 
the present evidt'nce is rather in favour of the 
view that solution is a chemical rather than a 
purely physical tact ; in other wmids, that 
“ a solution, say, of salt and wider is in some 
way a chemical compound of the :(‘ components ; 
a compound in which the relative proportion 
between the components can vary continuously 
between certain wide limits.” 

It w\as soon discovered that there are 
certain noteworthy exceptions, as it would 
appear, to the usual law of the osmotic 
pressure. If w’e compare solutions of sugar 
and of alcohol, each containing the same 
number of molecules in the same volume, we 
find, as the law asserts, that they po^ sess equal 
osmotic pressures ; but if, instead of comparing 
sugar and alcohol, we compare sugar and salt, 
we find that, even though the two solutions 
contain equal numbers of molecules, the o: motic 
pressure of the salt, if the solutions be fairly 
dilute, may be almost twuiie a.s high as that of 
the sugar. Tt remain' d for another great 
physical chemist, Profe -sor Arrhenius, of Stock- 
holm, to show that it is not necessary, as Van t 
Hoff supposed, to rcgii 'd this case as an inex- 
plicable exception. On the contrary, we have 
only to suppose that the molecules of the salt 
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imd^^rgo a Rplitting up or dissociation, and we 
Kee that the abnormally high pressure may 
be explained. Tiii^. dissociation is rendered 
much the more probable when we realise that 
these abnormal osmotic pressures arc fo nd 
in the case of solutions which conduct elec- 
tricity. 

What Happens to the Molecules. 

According to this theory, then, which is now 
well established, common salt does not exist as 
such w^hen it occurs in dilute solution in water. 
The molecules have been dl^sociated, and exist 
as particles or atoms of sodium and chlorine, 
these being associated w’ith electric charges. 
“ E.ich r.alt molecule thus gives two pressure- 
producing particles in solution, and the double 
value of the osmotic pressure is explained. 
In stronger solutions this dissociation is not 
comj)lctc‘, and the osmotic pre..sure is less than 
twice tlie normal value.” 

This theory, tlien, shows us that Van’t Hoff’s 
laws are Aalid, even in the case of apparent 
exceptions to them. It recognises that these 
exceptions c'onsist of solutions of dectrolytca 
as diMinguished from non-electrolytes, Ihis 
new term b(‘ing applied to substances capable 
of conducting an electric current, meanwhile 
nnd u’going change ; and it explains abnor- 
malities of pressure in terms of molecular 
dissociation. 

An entirely different method of studying the 
facts lends further support to the dissociation 
theory. Tn this subject Faraday was again 
the pioneer. He showed that there was a 
(‘onstant proportion between the amount of 
electricny convoyed through an electrolyte and 
the amount of decomposition which that 
electrolyte suffered. This seemed strongly to 
-*ugg(‘f“t that when an electric current is conveyed 
thiough, for instance, a solution of sodium 
ell lor dc in w'nter what really happens is a 
de social ion of the molecules of the salt, the 
f)Ohitivcl3^ electrified atoms of sodium going with 
the current and the negatively electrified atoms 
of chloiiiu going against it. These “goers” 
Faraday termed “ a Greek term w^hich 

lias that meaning. The ion which moves wuih 
the stream, and towairds the electrode which is 
called the cathode, is known as the 'positive 
ion or cation, w^hile the ion w^hich travels against 
the stream, and moves towards the electrode 
which is known as the anode, is called the 
netjative ion, or anion. 

The Movement of Ions. Wo have here, 
jK‘rhaps, the very first hint that electricity, and 
even an electric current, is particulate and 
atomic in structure. Said Von Helmholtz in 
his Faraday Lecture of 1881, years before the 
discovery of radio-activity : “If w^e accept the 
hvpothesis that the elementary substances are 
composed of atoms, we*cannot avoid concluding 
that electricity also is divided into definite 
elementary portions, which behave like atoms 
of electricity.” 

The next question which opened itself for study 
was plainly the character of the ionic movement. 


Since wo measure the conductivity of a solution 
by the amount of electricity wdiich it wall convey 
in a given time under the action of a given 
electric force, and since the conduction of the 
current depends upon the movement of charg(»d 
ions, the conductivity of the solution, which is 
a measurable thing, must depend upon th(» 
number and velocity of tlie ions. Now, the 
number is aseertainnbl(\ sinc(‘ we can asetatain 
the strength of the solution, and Ihus wo are in 
a position to ascertain the speed at which the 
ions move. 

Mr. Whetham himself is largely icsponsiblo 
for the means by which we arc now” able actually 
to SCO the ionic movement — not, that is to say. 
the mov^ement of the individual ions, but 
their movement cn ma^se. This can 1 m‘ done by 
means of an apparatus w”bich permi's us to 
place next one another solutions of two salts, 
one coloured and the other colourh'ss. Says 
Mr. Mlietham : “ The sointions should be of 

the same molt'eular concentration, the same con- 
ductivity. and the denser solution must, of 
course, be placed b(‘low'the lighter. Let us take 
as an (‘xample the ease of solutions of potassium 
bichromate and potassium carbonate, w'hich 
fulfil the necessary ( onditions. The colour is 
here due to the acid part of the salt, the 
bichromate ion, w”hieh has the ebomical com- 
position repn'sented by Cr ._>(); ; th(* jiotassiura 
ion is colourless. When a current of electricity 
is passed across the junction betw'cen the liquirh 
the colour boundary is seen to move, and, from 
the rate at which it creeps along the tube, the 
velocity of the bichromate ion under a given 
electric force can bo determined.” 

The Speed of Ions. The r(‘ader will 
almost certainly imagine that the sptaal with 
which the ions move will be v(‘ry great, but it is 
really remarkably small. Much the fastest 
moving ion known is hydrogen, but when the 
electromotive force is one volt peu* centimetre, 
the hydrogen ion moves only at the rate of 4 in. 
])er hour, and this is about ten times as fast as 
the speed of most other ions. W(‘ must dis- 
tinguish this movement, of course, trom th« 
movement of the electric current — or, r.itlu r, wo 
must distinguish the two speeds. The moveuuait 
of the cuiTcnt is almost as rapid as that of an 
electric wave — tliat is to say, is almost equal 
to the velocity of light. Mr. Whetham com- 
pares the two movements with the ease of the 
movement of a stick. If you push one end of the 
stick, the whole of it moves on. Its velocity 
may bo as slow as that of a hydrogen ion — a 
mere 4 in. {kt hour. But something else moves 
with an immeasurably greater rapidity, ami 
that is the wave of compression, which is induced 
by the jaish, and which must travel along the 
whole length of the rod before its advancing 
end can move. “ The slow movement of the 
rod as a whole, when once started, corresponds 
with the slow drift of the ions ; the almost 
instantaneous passage of the wave of com- 
pression along the rod corresponds with the 
velocity of electricity in the electrolytic solution. ” 


Continued 
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does not match her complexion, hair and eyes, 
no matter ho'w fashionable. 

The blonde may wear delicate shades of blue, 
pink, and green. 

The brunette looks well in deeper and richer 
coloui's. 

The choice of shades depends greatly on the 
complexion, as the colour may suit the hair 
but not the skin. 

Whito is very becoming to fresh and rosy 
skins, but should be avoided by those with pale 
and salloM’ complexions. 

Black is not becoming to pale and sallow com- 
plexions, unless combined with lace and a colour 
in the trimming. It looks well on fair people 
with a little colour in the face. 

Requisites. We must now consider a 
milliner’s “tools.’’ 


Oi’M OR Gi m L.vbels. 

Tissue Paper. 

Bowl and Damping R.^gs. For steaming and 
pressing. 

Notebook and Pencil. For writing dovm 
measurements. 

French “ Doll's He.ad.” Used for cap- 
stand. 

Block for Shaping Crown.s. 

Kilting Machine. 

Accordion Pleating Machine. 

Pinking Machine. 

Velvet Brush. 

Stitches. The following are tlie stitohos used 
in millinery : 

Running. Pass the needle and cotton in 
and out of the material at equal distances. 
The stitch appears the same on both sides. Used 



2 Ruimin>? 3. 1 1.\ niimiiifr 4. Hack HtUchini' 5. I>‘>hk ))ack Btitching 6. Him stitchinj; 7. Slip hemming' 8. \cl^ct 
hciiiininK 9. U ire BlitcliiiiH; 10. Gatherin'’ 11 Shnnnj; 12. Tackin;; 13. Tacking crn]»c 14 IJjtslinK 15 Laciuj^ 
btitch 16. Catch Htitch 17. Htrai};ht haiidcau 1 8. Oversewing 19. Wlilj>i»in^ 20. 'I'ic stitch 21. SLiih stiteli 


Millinery Wire Nippers. Price 1 s. to 2s. (kl. ; 
the lattcu’ are made of English steel. Th(‘y must 
1k‘ light, small, and with broad noses [1]. 

Needles. Packet of straw needles, mixed, 
sizes, 5, 6, 8. Price Id. No. .*> for wiring, and 
No. 8 for hemming. 

Steel Pins. For pinning silk, velvet, etc. 

Lillikins. For pinning velvet edges, joining 
laces, etc. 

Thimble. 

Scissors, About 7 in. long, with sharp points. 

^ Tape Measure. Dean’s are the best. 

Sewing Cotton. Fine and coarse, vhite and 
black. No. 10 for sewing on trimmings. 

Sewing Machine. 

Flat Irons. No. 2 and No. 8, for pressing 
straw and steaming velvet, etc. 

Ironing Blanket. For pressing. 

Pocket-knife. For ripping fur. 


for making the hem of head-linings, and joining 
two parts together where no gr(‘at strength is 
needed 1 2]. 

Fly-runnin(;. Place the needle in the 
material and hold it lightly, close to the point, 
with the right thumb and forelinger. Th(‘ 
thimble should propel the n(‘edh\ The Jett hand 
holds taut the material, which is pushed on 
the needl(‘ by tlu^ left thumb and forefinger. 
As the nwdle fills with material, push it off 
from the vye end. The needle is not draum 
through until the whole length is gathered. 
For long lengths, thread the needle from 
the reel of cotton or silk, which will prevent 
it knotting [3]. It is a ra})id way of run- 
ning, and is used for all branches of millinery 
that require gathering, such as tuckings, casings 
for silk hats and bonnets, tuck running in 
chiffon, tulle, etc. 
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Back Stitch. Insert the needle exactly 
where the last stitch was begun, and bring it 
out in front the same bngth of the stiteh just 
made. To obtain a regular row of stitches, each 
stitch must exactly meet the last, and be of the 
same size f4]. Used for joining two pieces of 
velvet, silk, or cloth, Avherever the material is 
likely to be stretched and requires strength. 

Long Back Stitch. Instead of inserting the 
needle in exactly the place where the last stitch 
left off, as in back stitching, take a short stitch 
back, which in straw-working will be slanting 
in the direction the straw is plaited [6]. Used 
in straw-working ; for sewing in head-linings, 
bandeaux, mulling ; in shape-making, joining 
side band to head -line of brim shape ; in covering, 
sewing upper and under covering of brim to 
head-line, also material ti]j to that of shape. 

Slip Stitch. Take one stitch on the turn- 
ing of one piece of material, and the next 
exactly opposite on the turning of the other 
piece [6]. Used for joining the upper and under 
edges of hat brims eovei’ed in velvet, cloth, or 
silk, and wherever invisible joining is required ; 
stitching on rouUau to eoven'd or felt hats, 
etc. 

Sup Hemming. Use a fim^ needle and cotton, 
or silk to match material, and take up one 
thread of the material under the fold. Slip 
the needle into tlu* fold and make a short 
Mitch as in running ; draw the needle out, 
and just take one thread again of the material 
under the fold. Do not pull the stitches tight ; 
they should not show on the right sid(* [7]. Used 
for invisibly hemming v-elvet, silk, crape, etc. 

Velvet Hemming. Turn down the raw edge 
of material once ; take a stitch as in running 
through the fold, and take one thread of the 
material under the fold in a slanting direction. 
Werk from right to left with fine needle and 
cotton [8]. Used for neatening cut edges of 
velvet, and where it does not require a roll 
hem. 

Wire Stitch. Hold the wire firmly in plaec, 
stab the net'dle in the hat ahovv the wire, holding 
back a loop of cotton under the thumb. Stab 
the needle back again uvder the wire, bringing it 
through the loop from behind and pull tight. 
Work from right to left. The stitches must 
just fit the wire [9]. Used for all paits requiring 
U) be Nvired. 

Gathering. Take up half as much on the 
needle as has been passed over [10]. Used when 
a long length has to be gathered into a .small 
space. 

Shirrinil Row's of line gathering placed 
underneath one another. The stitches must 
exactly correspond wuth the row above, and 
the cottons arc drawn up together [11]. This 
stitch is used for fancy linings for brims, for 
children's millinery, etc. 


Tacking. A large running stitch [12]. Used 
for keeping two parts temporarily together. 

Tacking for Crape. A long and small 
running stitch [13]. Crape being a springy 
material, this stitch keeps it better in position 
than ordinary tacking. 

Basting. A long and a short stitch, the first 
taken slantways, the second perpendicular [14]. 
U8t‘d for holding together temporarily the 
material and lining previous to being tacked. 

Lacing Stitch. Place the needle under the 
fold, bring out in a slanting direction. Place 
the needle in again on opposite side, also in a 
slanting direction [15]. Used for securing the 
raw edges of velvet folds. It is sometimes called 
Milliner's Herringbone, but is always w'orked 
from right to left. 

Gatgii Stitch. Take the needle under the 
turning and biing out to right side. Pass undei 
the wire, then over the wire, and imdcr the 
turning again, and repeat [16]. Used for fasten- 
ing dowm the upper side of mattrial brim to the 
second edge wiie of under brim. 

Round Bandeau Stitch. The stitches are 
taken close to the odg(‘S of the ribbon wire 
to prevent curling up. Make a long stitch of 
J in. on upper (‘dg(‘ of ribbon wire. Bring 
thread to bottom (‘dgc of wire at the back, take 
the lu edle thro gh at nearly half the length of 
the upper stilch already made. Then take 
another J in. stitch, and so on. On the reverse 
side a series of /\ /v will be seen. Use black 
cotton on white net and wire, and vice versa [17]. 
Used for sewing ribbon wire to net for founda- 
tion of round and straight bandeaux. 

Ovkrsewtng. Place needle pointing straight 
tow^ards you in the raw edge, hold the work round 
first finger of left hand. Repeat this, forming 
a slanting stitch from right to left on the right 
side, and a straight one between each 1 18]. 
Used for joining lace, sewing fur, neatening the 
raw edges of velvet for straight bandeau where 
a turning will make it too clumsy and thick. 

Whipping. The ncedl(‘ is taken over the raw 
edge of the material, put in from back to front, 
and over the edge again. Tin* stitches arc taken 
fairly long, and the needle, as for “ fly -running,*’ 
is not taken out imtil the finish [19]. Used 
instead of gathering, to prevent ravelling in 
lace or tulle. 

Tie Stitch. Stab the needle through from 
the right side ; leav’e an end of cotkm, bring 
back the needle from the back, and tie a knot 
[20]. Used for securing light trimmings, trails 
of flowers, lace, tips of feathers, loops of riblxm 
on a brim ; fastc'ning head-linings in position 
inside bonnets ai:d huts. 

Stab Stitch. Proceed as with the tic stitch, 
but take the needle through and through the 
hat for extra strength [21], Used for sewing on 
trimmings that require strength. 


Continued 
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FIFE. PICCOLO. FLUTE. OCARINA MUSIC 

Construction and Peculiarities of the Instruments. Attitude of 32 
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By ALGERNON ROSE 

FIFE from D to D of two octaves, indicates the 


Tlie fife, unlike the flageolet whistle, is 
provided with a single key. The instrument 
has a compass of two octavos, from I) on the 
fourth line treble clef. 

The instrument should be held horizontally. 
Keep the head and body upright, and rest 
the instiTinunt on the middle joint of the 
first left finger. Plaee the thumb just below 
the first liole. Put the right thumb oppositt' 
the fourth hob*, against the side of the fife, and 
not underneath it. This will permit the little 
finger to remain over the 1)J (or E^) key. 
Following these directions, keep the first and 
second left fingers carefully curved, and the 
third nearly straight. Round, also, the first and 
second right fingers. Except when used for the 
key, or keys, tlie tw'o little fingers do not rest 
upon the fife. They must never hang beneath 
it. 1)0 not hold the fife tightly in the right 
hand, nor press the fingers forcibly on the 
holes, as this will impair neat execution. Avoid 
raising the fingers more than half an inch 
above* the hoh*s. Aim at delicate surface- 
playing rather than force of finger attack. 

BloTving. Close the lips, and compress 
them a little. Holding the instrument as 
dchcribed, jilaco the mouth-hole against the 
middle of the underlip. Make sure that the 
upper lip comes within the radius of the aper- 
turi*. Relaxing the upper, })ress the fife against 
the lower lij^. Plow into the instrument with 
moderate force. Take care tliat the air passes 
into the mouth-hole and not over it. If it 
floes, will be a hissing sound and waste 

of effort. While blowing, (‘n(l(*avour to pro- 
nounce ihe syllable “too.” With jiraetiee, 
a clear steady sound will be produet'd. Do 
not close, at first, any of the holes. The open 
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M)und of the tube is Cjf, third space, treble 
clef. To get B, a tone below, put down the 
first left finger, and blow “ too,” as before. 
For the A below, add the second finger. To 
get the G, add the third. For the F cover 
the fourth hole, and so on, as for the flageolet. 
The annexed diagram of the fife, with the holes 
numbered, and the staff showing the scale 


mamicr of fingering for the production of 
different tones. 

Exercises. Simple as this scale may 
appear to be. there is a great deal to be learnt 
from it by diligent study ; but the only way 
by w'hich progr(*ss can be made is through 
regular daily practice. The first thing for the 
beginner to understand is the relative value 
of Time, or duration of sound, and J^iteh, or 
vari(‘ty in sound. Starting at the lowest note, 1). 
blow into the instrument steadily and clearly, 
counting mentally foui’, regulating the lieats 
by the ticking of a clock or a metronome. Having 
done this softly, repeat the sounds with more 
force dining the first and second beats, articu- 
lating the same note sharply twice on the three 
and four. In the same manner, next try the 
E above the D, the F:j;f above the E, the 
0, and so on up the scale, blowing with increased 
pressure ascending, and gradually softi'r des- 
cending. After getting facility on each note of 
the compass, as regards time, or speed in play- 
ing, proceed to the next department of study. 

Intervals. An interval is the distance 
between any two sounds, and thi* facility in 
which musical tone is made to pass from one 
interval to another gives the charm to what is 
kiiowTi as melody. Now try to get aeeiist^omed 
to the sim])leHt int(‘rvals, know'n as seconds. 
Play the low I), counting two. Without break, 
pass to the F above for the three and four. 
Repeat the E on two beats, making the Fxf 
follow on the next two. In this way go up, 
step by step, to the highest notes, desr(‘nd- 
ing the ladder of sound in the same fashion. 
N<*xt try thirds. Sound the lowest D, counting 
two as before. Skip the next note, but, with- 
out break, play tlie Fft on the tliri*!* and 
four, YZ being a major tliird above 1). 
Sound the E, passing over the n(*xt note and 
following with G. Play the FJ, skipping 
the G and blowing A. Thus, in thirds, practise 
slowly and carefully up and down the scale. 

Proceed to fourths. Sound the low' D as be- 
fore, then skip two notes, and blow the G easily 
and without pause l)etween one sound and the 
other. Blow' the E, and follow it by A, a fourth 
above the Ft» succeeding it by B, G, and Gf, 
and so forth up and down the instrument. 
Next try fifths. These may sound ugly, 
but no matter. Clieek the int(*rvalH on a 
piano at first. Returning to the low D, skif> 
three notes, and blow the A above. Count 
two beats on the first sound, and complete the 
three-four on the second In the same way 
follow the E by the B above, by Cj, 
G by D, thus going up the compass by fifths, 
and going down in like manner Tiy sixths. 
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Sound the low D. Xow skip four notes, and, 
\\ithout interruption, pass to the B above. 
The student sliould write these exercises out 
on music paper. Soimd the E, linking it with 
the G above. Play the FS. following it 
by the D. Thus, in sixths, go up and down 
the compass. In the same way tiy sevenths. 
Follow the low D by the Git above it, alw^ays 
blowing in strict time, and endeavouring to 
avoid any hissing sound with the upper lip. 
Blow the E with the D above, the FJ ^\ith 
the E above, and so up and down the compass. 

Finally, take the octaves. After blowing 
the low I) get the second note at the higher 
pitch, witl the same fingering but increased 
pressure of breath. In the same way blow the 
lo'w E with its octave above. As before, get the 
FH. But now, to facilitate the sounding of 
the octave above, with the little right finger 
put down the key, and, in like manner, use this 
key for the octave notes of G, A, and B. After 
playing the GH with all th<‘ holes open, to get 
the octave put dowm the second and third left 
fingers, the first right finger, ard the key. To 
get the top B, close the second and third holes 
only, using the key. Descend in octaves in the 
same way. The student should now find little 
difficulty in executing the march tune of the 
CTuards, given at the head of this page. 

PICCOLO 

The piccolo is an octave higher in pitch than 
the ordinary flute. It is called “ E"^,” although 
the lowest note really sounds As the 

embouchure is small and the holes are rather 
close together, this instrument is a good one 
for a boy to take up, as it is more suited to 
bis lips and fingers than the big coneeri 
flute. Besides, it is less than half the weight of 
the latter, so that it is much more portable. 
On account of the shrillness or brilliancy of its 
tone, one piccolo suffices in a military band of 
brass and reed instruments consisting of as 
many as sixty- tw’o players. 

In the score, the piccolo is always written 
for an octave lower than the notes which are 
actually played, and the part is invariably noted 
in the G, or treble clef. The compass of the 
piccolo is from D, first space below' staff, to 
1) above, fourth ledger line, and the instrument 
gives all the intervening cliromatic notes. The 
cost of a good piccolo ranges from los. to £15 ISs., 
according to whether it is of coeuswood or 
ebonite, or has from four to ten keys in brass, 
German silver, or silver. The lowest octave 
Ix^ing weak and of little value, the student should 
particularly practi e that pari of the compass 
which begins at D, fourth line treble clef, and goes 
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up to Fi", two octaves above. This gives a 
range of notes w'hieh possesses remarkably 
effective qualifies, used in a beautiful way 
by Beethoven in the “Pastoral” J^ymphony, or 
Berlioz in ” Faust.” 

The instructions given for the fife and flute 
apply also to the piccolo. But, although this 
instrument lacks the nobility of tone of the big 
flut'\ the student should note that it excels in 



certain trills and florid passages, one of its most 
charming characteristics being the rapidity in 
which reiterated notes can be articulated b}' 
double and tri])le tonguing. 

We give here an example of double -tong uiny. 
Tongue tb(‘ first note, and blow the second very 
strongly from the throat. Do not hurry at 



first With pra ‘tiee, the player should be able 
to imitate in velocity and neatness of execution 
the roll of a side drum. [Ex 1.] 

In triple-tx>nguing. tongue the first and second 
notes, and blow the third. |Ex. 2.] This sort of 
thing when properly done is well worth hearing 
in solo work. At the same time, the student 
should practi e daily chain-t rills, going from not » 
to note in the different major scales, because tlu* 
piccolo is frequently omplovod to imitate bird- 
like effects. Those trills w'hieh are most diffi nilt of 
execution should, of (‘ourse, be given special 
attention. Ftir exam})le, practise those on the 
lowest I)^. w’ith the E ^ above ; the E7 with the 
F above; Fif with the G4 above; A!? with the 
B^ above ; G J with the D|l above ; CJ with the 
Djjf, above; and the A'’ on the first ledger line 
with the above. 

FLUTE 

The flute is one of the most important instru- 
ments in the modern orchestra. The flageolet 
and the church organ pipe exemplify one great 
division of tlie flute family, known as the flufe- 
d-hec. The other great division, with which 
we are now treating, comprises all the different 
kinds of flauti draversi , or horizontal instiMimcnts. 
The reason why to-day, in the most advanced 
orchestral m.isie, the flute plays such an im- 
portant part is owing to the acoustical discoveries 
of C'aptain (Gordon, made practical through the 
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system of manufacture knowTi as the Boehm. 
Before such improvements the flute, in many 
respects, was defective in intonation and difficult 
to finger. As it may not be within the means ot 
every student to purchase an instrument with the 
latest system of fingerino, he will probably have 
to content himself with an ordinary military 
instrument. 

One to Eight«Keyed Flutes. The one- 
keyed flute, desci ibed under Fife, has a DJ lever 
press(‘d down by the little finger of the right 
Imnd. The jour -I eyed flute has a second, or 
E tf lever, worked b}^ the third right finger : 
a tliiid. or G' lover, worked by the fourth left 
finger; and a fourth, or lever, worked by the 
left thumb. Tlie six-keifed flute introduces a 
fifth lever (0 ^), and a sixth (or ), both worked 
bv the fourth right finger. 

C^oming to the eight-keyed flute, we have 
an additional seventh lever, or CJ shake-key, 
worked by the first right finger, and an eighth 
lever, or E i key, played by the fom th left finger. 
Familial it y with the dilTercnt keys easily 
acquired if the student w'ho begins with the 
fife has an opportunity (►f learning afterwards 
the flute© with four, six, and, finally, eight keys. 
A well-made instrument of this class, guaranteed 
for six years, can be obtained new for £3, or for 
considerably less second-hand. 

Military Scores. In a military store 
the piccolo comes at the top. Beneath it is the 
F flute. Beneath that, again, is the E^ flute. 
The actual pitch of the E^ and F flutes respec' 
tively is Dl? and PI'?. In most bands, as they arc 
seldom wanted together, one man plays botii 
instruments. Should they be needed simul- 
taneously, the piccolo player takes the second 
instrument. Tlie tone-quality of the F flute is 
lighter than the E!?, the latter being richer and 
fuller. Although regulation flutes used in the 
drum-and-fife bands have but one to four keys, 
those employed with the brass and reed instru- 
ments require the eight mentioned. It is only 
possible here to give the chromatic scale of the 
last-named instrument, which will be easily 
understood by the diagram at the head of this 
page. 


Concert flutes, on the other hand, have ten, 
eleven, or twelve keys, besides rinfrs. Most 
players master the eight-keyed fingering before 
proceeding to the instrument wdth cylindrical 
bore anti larger holes adopted by Bfuffim. 
Amongst the many methods for the latter may 
be mentioned those by Bousquet and Taflencl 
(Paris), and Svendsen and Pratten (London) As 
regards pitch, the tuning-slide enables the in- 
strument to be flattened but not sharpened 
when closed ; but all wind instruments get 
sharper as they become warmer through the 
breath of the player or the heat of a concert -room. 
Before playing, therefore, warm the instrument 
w'cll with the breath through the mouth -hole. 

OCARINA 

The ocarina is of terra cotta, resembling in 
shape the body of a little goose, the Italian word 
“ oca implying that bird. Because the large 
interval cavity has no outlet, or bell, the musical 
quality of the tone is of acoustical interest. 
There is a peculiar hollowness in its eharacter, 
somewhat like that of a stopped organ ])ipe. 

Compass and Construction. The com- 
pass of the solo ocarina comprises a chromatic 
scale of 20 distinct semitones extending, in the C 
instrument, half a tone below middle C to F on 
the top line, treble clef. Made of larger sizes, 
at different pitches, the compass is extended 
downw^ards by increasing the cavity. Effective 
combinations of six player^ have made 
monetary harvests, espei udly on the Continent. 
The tone is sweet and pure. Although incap- 
able of great force, it has a remarkable carrying 
quality. The mouthpiece is where the head 
of the goose should be, and the tuning-slide 
IS situated in the region of the creature’s breast. 

Pull out the slide to low^er the tone. Push it 
in to raise it. The body of the bird is pieiced 
by ten holes, five for each hand. Place the 
mouthpiece to the lips. Tw^o holes only should 
then bo at the bfu k ; cover these with the 
thumbs. Place the first finger of the right hand 
over the hole at the bird’s tail. Put the second, 
third and fourth fingers over the three holes 
which follow in the direction of the mouthpiece. 
Close, with the first finger of the left hand, the 
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hole nearest the tuning-slide, and, with the 
second, third and fourth fingers, those which are 
in line w ith the first. 

All tlie holes should now be covered, not with 
the tip but with the ball of each finger, so as to 
prevent any escajic of air and a bad effect. Put 
the mouthpiece, not into the mouth, but 
between the lips. Blow* lightly into the instru- 
ment. Breathe through the nose. Endeavour 
to get the tone even ; never force it. The 
note sounded will be C on first ledger line below 
staff. Check this with a piano. 

C Major* After sounding middle C, raise 
the first right finger, covering the hole by the 
bird’s tail. Blow as before, softly. This should 
give 1), a tone above the C. Lift the second 
right finger. The result wull be E. Raise the 
third finger. This will sound F. Withdraw^ 
the fourth finger. The result will be G. To 
get the A above, raise the tliird finger of the 
left hand. This may require practice, as the 
third is the weakest digit. But the other notes 
of the left hand must be kept firmly closed. To 
get the B above, lift the second finger. Raise 
the first for the C. Take aw^ay the left thumb 
for the D, and the fourth left finger for the E. 
With all the holes open, sound F. Descend the 
scale in the same way [Ex. 1]. 

Tone Product on. Sustained and gliding 
effects are accomplished by steady blowing in 
the way described, and the endeavour should 
be to make the sounds of the scale travel 
as smoothly as possible from one to another. 
Staccato is the reverse of this. The way to do it 
is, on producing each sound, to articulate the 
syllable “ too,” by giving to the tongue the 
same action as is done in spitting a bit of fluff 
out of the mouth. This tone-stroke emphasises 
the initial vibration, and quick withdrawal of 
the member allows the necessary air to pass into 
the instrument [Ex. 2]. Having obtained 
facility in playing the scale staccato, make a 
triplet of each note, so that it is heard three 
tunes distinctly before the next is played. 
This is done by pronouncing, mentally, “ too- 
tle- too ” for each note [Ex. 3]. After this, 
endeavour gradually to increase the speed 
with the first method of blowing. Until the 
student becomes familiar with the fingering, 
this wall require daily practice. He should not 
be satisfied until he is able to run up the scale 
with one breath, and down again with the next 
[Ex. 4]. Then take practice in intervals. The 
Violin course will suggest appropriate exercises 
[page 2121]. Expression is added, when sustain- 
ing a note in a melody, by the use of the vibrato. 
Tins is done by fluttering the breath in the 
mouth rather than in the thioat, as in singing. 

Chromatic Scale. The fact that the 
ocarina can be played chromatically gives it a 
legitimate musical value. Sound the C, aa 
before. To get the same fingering may 
be used by blowing harder. A more artistic 
way is partly to uncover the hole stopped by 
the first right finger. Taking off the first finger 
entirely, sound the D. To get D|l, replace the 
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first finger, leaving the second hole open. Sound 
the E and F as before, by uncovering the first 
and second, and then the first, second and 
third holes. 

To get the F^, close the third hole but un- 
cover the fourth. vSound the G, as before, by 
opening the four holes, and the G3 by stopping 
the third hole and uncovering the fourth and 
fifth, the latter by the third left finger. Sound 
the A by opening the five holes, but replace 
the third finger of the riglit hand and take off 
the second finger of the left for the AtJ. For 
the B, remove the third finger, leaving the six 
holes uncovered. Sound the C, as before with the 
seven holes open. For the Cjjl, take off the left 
thumb, but put down the third right finger. 
For the D, remove the third finger. For the 
D3- take off the fourth left finger and put down 
the third of the right hand. For the E, displace 
the third finger. For the E3. as for the F, 
all the notes are open. But the note is “ hu- 
moured ” by the breath [Ex. 5J. Descend in 
the same w'ay. 

Having returned to the C, if the instrument 
is blown very softly, wdth all the holes closed, 
the semitone below the pitch-note, B, will 
result. Therefore, it will be perceived that what 
is called “ humouring ” the breath greatly 
affects the intonation. The student must know 
what tone he desires to produce. His ear will 
then enable him to get it. 

The Trill. An excellent way of getting 
accustomed to the fingering of the cliromatio 
scale is to prac-tise trills a semitone apart. 
Begin slowly, and play softly, gradually in- 
creasing the speed. After regular daily practice, 
the knack will be acquired of ascending and 
descending the scale in this way without break 
either in intensity of tone or regularity in 
rhythm. 


Fife, Piccolo j Flute, and Ocarina concluded 
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By Professor JAMES LONG 


The Cheddar Process. All things con- 
sidered, Cheddar is the most popular cheese in 
the world. The best is produced in Somerset, 
Ayrshire, and Wigtownshire. It is the staple 
cheese of Canada and the United States, as well 
as of the Australian Colonies, and there is no 
other variety which approaches it as a pressed 
cheese from the point of view of combined texture 
and flavour. The system of production may be 
regarded as a type, and the most perfect type, 
of that adopted in the manufacture of pressed 
cheeses of other varieties, to which, therefore, 
we need but briefly refer. 

The milk supplied by the cows in the evening 
is strained and poured into the cheese vat, and 
stirred until sufficiently cool to prevent the 
too liberal rising of the cream, which ascends 
w'ith greatest rapidity in warm milk. On the 
following morning the cream which has risen is 
removed by skimming and mixed with a portion 
of the milk in the vat. In some cases this mix- 
ture is poured into a smaller vat and heated to 
such a temperature as will raise the remaining 
milk of the evening with that of the morning, 
when the latter has been added, to the required 
temperature for coagulation. The morning’s 
milk is strained and poured warm into the 
vat already mentioned, and if the vat has a 
double lining or jacket, so that the milk can be 
Imated hy hot water or steam, the second vat 
becomes unnecessary, as the whole volume is 
then raised to the required temperature at once. 
Where two vats aie employed, this temperature 
may be reached with accuracy by the aid of the 
following formula from “Elements of Dairy 
Farming,” by James Long. 

Method of Raising the Temperature 
of Milk. ** Multiply the number of gallons in 
the tub by the number of degrees which it has 
to be raised or lowered, and divide the number 
so obtained by the gallons of milk in the warmer. 
The result shows the number of degrees above 
or below 84° F., to which the milk in the warmer 
must be brought. Thus, if we have 45 gallons in 
the large vat, and 15 gallons in the small one at 
8t)‘ F., and wc desire to heat the whole to 85° F., 



35 . ^0^■D’S CURD BREAKER 


we must raise the smaller quantity through 
300° F. of heat (45 + 15 x 5), thus : 

300 15 = 20° F. 

“ If we add the result (20° F.) to the desired 
temperature (80° F.), we get 100° F. as the 


temperature to which it vould be necessary to 
heat the 15 gallons. It is, however, undesirable 
to heat milk much above 90° F., and we con- 
sequently make a fresh calculation, with the 
result that we find it ^v^ll be necessary to heat 
half the milk to 90° F. to bring the whole 
volume to 85’ F.” 

Care must be taken that too much heat has 
not been lost before the temperature is artificially 
raised. The 
required 
tempera- 
ture being 
r e a e h e d , 
the milk i.s 
stirred, the 
re qu i site 
quantity of 

sour whey — if this be employed — is then added at 
the same temperature, and all is ready for the addi- 
tion of the rennet. The quantity of v hey should be 
regulated in proportion to the acid it contains — 
and here again a test for acidity becomes neces- 
sai*y. If the evening’s milk has not fallen below 
70° F., although in some cases 08^ F may be safe, 
sour whey may not be needed. The milk for 
renneting* is heated to different temperatures in 
accordance with the practice or custom of the 
district or of the individual maker. In Scotland, 
84 ’ F. is largely employed ; in the West of 
England, from 85° F. in autumn to 00° F. in 
spring ; but the maker, \\ho should invariably 
be a trained hand, will in most cases adopt that 
temperature to which he has been accustomed, 
although he may see occasion to modify it where 
conditions change or are new. (\)agulation is 
complete in from 40 to 50 minutes. In the 
United States, however, the curd is brought 
much more quickly, but the cheese is less fine in 
quality and keeps less perfec'tly, for the smaller 
the quantity of rennet used the better the keep- 
ing properties of the cheese. 

Cutting the Curd. foagulation being 
perfect, the curd is cut, either with the knives 
commonly employed in the dairy, with tho 
Americari knives already referred to, or vith the 
oblique bladed knives made by Pond [ 34 ]. The 
curd should be cut evenly throughout, that each 
piece may be of similar size. After cutting, the vat 
may be covered and left for a short time, but 
stirring and breaking is usually begun -vvithin the 
hour. During this operation large pieces of curd 
will be broken smaller, but the work must be very 
gentle, that the curd may not be damaged and 
the fat it contains lost [35 1 . Stirring lasts 
from 15 to 30 minutes, when the work ceases 
for a time — the vat being again covered — to bs 
followed by the scalding process, during which 
acid rapidly develops, ^Uiile the tender curd 
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becomes firm, and at first comparatively tough. 
Stirring continues during the process of heating, 
whether a portion of the whey has been removed 
or heated separately and subsequently returned 
to the vat, or whether the whole mass be heated 
together through the medium of the jacket. In 
Ayrshire makers scald to 08" F, sometimes to 
102'' F., while in Somerset, scalding point varies 
from 90"' F. to 04"" F., many American makers 
employing a still higher figure — sometimes as 
much as 104^ F. On many farms there is a second 
scalding, the curd having been allowed to settle 
for a few minutes after the first. In this case the 
scald varies from 94° F. to 98° F., which is 
reached at the end of the season ; but in all cases 
it should be remembered that the temperature to 
be adopted depends upon the acidity of the milk 
at the time of renneting, and the employment or 
not of sour whey. Stirring is again resorted to in 
order to help the curd to acquire condition — and 
this needs both skill and judgment on the part of 
the maker. If the acid in the milk be one degree 
more than was present before the rennet was 
added, that condition has generally been reached. 
The object is to obtain an elastic curd, in which 
there is practically no toughness. The curd, 
indeed, should string out when attached to a 
hot iron gradually drawn away by the hand. 

After stining, the curd settles at the bottom 
of the vat, and here it remains for a time, the 
whey being drawn off, passing through a strainer 
on its way ; but it is important that it 
should not be drawn unless the time is oppor- 
tune If it remain too long there may be too 
much acid ; if too short a time an insufficient 
proportion. It should lie pointed out that where 
sour Mhcy is not employed, not only is the 
evening's milk maintained at 68° F. to 70° F. 
until the morning, but that the second scald 
may sometimes need a temperature of 104° F. to 
106° F. 

Scalding. In the scalding process the 
temperature of the curds and whey should be 
raised slowly, otherwise the curd may be tough- 
ened, and the whey then prevented from escaping 
sufficiently for the maker’s purpose. The -whey 
having left the vat, the curd remaining at the 
bottom in the form of a mat is cut and piled in 
cubes about 6 in. square. These culies are from 
time to time clianged in position, that each may 
lx* properly aerated, but they are still kept to- 
gether in a mass that heat may not escape, for that 
is still e.ssential — .so much so that the mass should 
be covered with a cloth, which may be doubled if 
acidity need extra promotion. Indeed, the vat 
itself may be covered with its lid if circumstances 
demand it. The curd is then left until it is suffi- 
cumtly acid — a condition which the maker must 
determine for himself. It is then broken up into 
small pieces, tied in a cloth or cloths, and, under 
some systems, slightly pressed either in the 
bottom of the vat, the rack being placed beneath 
it, or in a curd cooler, which many cheesemakers 
use. Where there is no pressure employed, the 
curd is usually again cut into cubes, the pieces 
turned or changed in position, and still left to 
drain, this process being repeated if it be found 
necessary. During the whole of this work, 
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however, the temperature of the curd should be 
maintained at as near 90° F. as possible until it 
be sufficiently ripe or mature for grinding in the 
curd mill. 

It is almost needless to say that the process 
thus briefly described is one which permits 
of variations in practice, for there is no method 
which is really empirical, so long as the desired 
result is achieved in reasonable time — and it is 
important that the process should not take too 
long, for clieesomaking is at the best an industry 
which demands considerable attention and 
some anxiety from day to day. A mellow cheese 
of fine flavour cannot be produced unless suffi- 
cient acidity has been developed in the curd. 
If the wdiey contain 1 per cent, of acid when the 
curd is believed to be ready- for grinding, good 
results may be anticipated ; but the maker may 
lie more confident if ho be able to test the acidity 
of the curd and to find it equal to that which 
on other occasions has been followed by the pro- 
duction of fine cheese. 


Grinding. In grinding, the pieees of curd 
after passing through the mill [36] should be of 
uniform size, but the work should be performed 
slowdy, otherwise damage may oecur owing to 
friction or squeezing. The mill should be 
simple and easily cleaned. The ground curd is 
subsequently weighed and spread in the vat 
or cooler for salting — the salt employed being 
at the rate of 2| lb. per cwi). of cheese, and quite 
dry and fine. Where the cheese is intended for 
early sale, and is to ripen early in consequence, 
2 lb. may be found sufficient. Under some 
systems, however, where the work is qui(‘kly 
performed, or where it is protracted, a smaller 
or still larger quantity of salt may be used. 
There is a greater loss of salt in the drainage 
from pressure wdien the curd contains a large 
quantity of wh(‘y than 
when it is comparatively 
dry. Salt not only acts 
as a preservative, but it 



36. CUKD GRINDING MILL AND CURD COOLER 


(Pond & Son, Ltd. , Blandford) 


influences the action of the rennet, while it 
slightly affects the flavour. After the salt has 
been thoroughly mixed with the curd, the latter 
is ready for placing in the mould or cheese hoop 
[87] in which it goes to press. 
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Pressing. Wlicn the curd is placwl in the 
hoop for pressing, its temperature should be 
70° F. If the heat be greater, it is liable to 
lose fat under pressure. The student of cheese- 
making should take a lesson in the process of 


clothing cheese for the vat, of vatting, and of 
putting to press, as well as in 
bandaging after pressure is roni- IHBB 
plete, the shape and quality of miBP 
the cheese depending largely 3^^ presred- 
upon these processes. When in cheese hoop 
the press, pressure must be c)R"MorT.D 
applied until the whey runs ; it 
is then gradually increased for two or three 
hours, and left until the following morning. 


when it is clothed w^ith a clean c'loth, returned 


to the press, and the pressure again increased. 
This practice is followed 
until the end of three days, 
when the cheese is removed, 
bandaged, labelled ith the 
(Lite of manufacture, and 
such details as are necessary 
for reference, and taken to 
the ripening -room. 

Cheese Presses. The 
best cheese presses |38] are 
made of iron — light, strong, 
and capable of giving hoih 
progressive and continuous 
pressure. With progressive 
pressure alone a crust is 
formed on the outside of the 
chees*^, while the whey <^'iiEESE press 

within maybe enclosed and (T. Tori n-ti, shiv wshur» 
thus prevent the production of fine texture. 
The ripening-room should be kept at bO F. to 
70° F. — preferably by the aid of hot water pipes 
which can b(» controlled, stoves being most 
undesirable. The cheeses should be ))lac(^d on 
clean wooden shelves, systematically turned, 
and their places changed from tim^^ to time 
from a higher to a low^er shelf or vice versa. 



The Ripening of Cheese. The ripen- 
ing of L-hcesc, apart from the question of the 
influence of acid, the temperature of the room, 
and the quality of the milk, depends upon daily 
care and examination. A system of cold curing 
has been discovered in America, and Drs. Bab- 


cock and Russell, of the Wisconsin Station, have 
shown that it is a success ; but it is practically 
unknown in this country, and until British 
experts are in a position to practise and demon- 
strate the process with equal success to that 
which we now achieve, it will be well for the 
English maker to continue to follow^ a system 
under which the finest cheese in the world is 


produced. 

During the ripening process the insoluble curd 
becomes soluble, and the richer the milk in fat 


the more rapid is the change. If, however, 
milk be skimmed, that change is proti acted, and 
the larger the quantity of fat removed the 
longer the time required, until when made from 
milk perfectly skimmed, a ripe rheese is neither 
mellow nor perfectly soluble. Ripening is due to 
fermentation, the work of bacteria. As the acid, 
the product of the lactic ferment, is diminished, 


greater energy is displayed by the casein ferments 
which decompose the albuminoid matter and 
liberate ammonia, which neutralises the re- 
maining acid, with the result that solubility 
rapidly follows. 

Cheese Yield. The quantity of cheese 
made per gallon of milk depends chiefly upon 
the richness of the milk in fat. In the New 
York experiments with rich milk the yield of 
cheese per gallon averaged 1 23 lb. varying from 
•97 lb. to 1*4 11). ; wdule the wat(‘r retained in 
the cheese produced from a gallon of milk 
averaged *47 lb., varying from *32 to ‘63 lb. 
The following facts were asccilained from these 
and other exjieriments conducted on a large 
scale : 

1. In America the quantity of fat bears a 
uniform relationship to the cpiantity of casein 
both in milk and cheese. 

2. \^dien rich milk w'as used, the loss of fat 
■was smaller per cent, than whem the milk was 
of poorer quality. 

3. The cheese produced per pound of fat is 
generally uniform. 

4. The weights of solids lost, and of solids 
n'covcred in making Cheddar cheese are almost 
identic al. 

Results of Experiments. Combining 
a large number of British and American ex- 
pcTiments in Cheddar cheese production, we 
add the following highly important and closely- 
condensed results. It was found that the 
quantity of fat per pound of casein in che('s(‘ 
varied from 1*4 to 1*5 per cent. : that the loss 
of fat per 100 lb. of milk employed in making 
cheese varied from 6*3 per cent, in the case of 
extra rich milk to 10 per cent, in averagt* factoiw 
milk ; that the quantity of cheese produc(‘d j)er 
pound of fat in the milk varied from 2*67 to 
2*75 per cent. ; that the solid matter left in the 
whey for every 100 lb. or 10 gallons of milk 
useci varied from 6*14 to 6*28 per cent. ; and 
that the quantity of solid matter retained in the 
cheese from the same quantity of milk varied 
from 6 05 to 6*71 per cent. Approximately, 
therefore, the solid matter of the curd ex- 
tracted from milk is about ecpial in weight 
to the solid matter left behind, chiefly sugar. 
Confirming tliis statement, we again point 
to the fact that the quantity of solid matter 
in the cheese for each pound of solid matter 
left in the whey varied from *9 per cent, in 
the spring to 1*16 per ctnt. in October, The 
fat which was left in the whey jx'r 100 lb. of 
milk varied from *28 per cent, in June to *42 pir 
cent, in September, averaging about *35 per 
cent. ; while the quantity of casein and albumin 
left in the whey per 100 lb. of milk varunl from 
*64 per cent, in A2iril to *85 per cent, in October 
When the milk contained from 3 to 3J per cent, 
of fat, the fat left in the wfiiey reached 9*5 jier 
cent., while the cheese mad(‘ reached only 9*1 lb. 
per 100 lb. of milk. 4s the milk increased in 
quality there was a systematic diminution of the 
loss of fat and increase of the cheese made, until 
the richest milk, containing 5 to 5} per cent, 
of fat, lost only 6 per cent, of fat in the whey 
and made 13*0 lb. of cheese. 
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Some Prectical Results in Cheddar and Roqueforl. They are the production of pure 

Cheese MaKinc. One of the best Scotch milk, which should contain 4 per cent, of fat, 

raakoTS o! Cheddar cheese, who supplied the milk of this character making a creamier] 

^vrite^ with full details of his work for fonr mellower, and heavier cheese. In the marm’ 

wars, for the conclusions of which we are able facture of Stilton and Gorgonzola the curd 

"alone to find space, showed that wiien milking produced from the milk of two meals, morning 

100 COW’S the quantity of curd when ready for and evening, is coagulated separately, and the 

grinding practically averaged 1 lb. per gallon curd subsequently mixed, although there are now 

of milk, not reaching this figure in spring, but many makers who produce Stilton from the curd 

exceeding it in autumn. In this dairy 4 oz. of of mixed milk instead of mixed curd. In Stilton 

rennet are added to every 100 gallons of milk manufacture the two curds are blended at about 

during the whole season, the curd being brought (K)° F., while in making Gorgonzola the warm 

in 45 to 50 minutes, and heated to 98° F. in curd of the evening or morning is mixed with 

spring, the heat bemg gradually increased the cold curd of the previous milking, 

until it reaches 102° F. in September. ^|||k Two separate curds fail to cohere or 
Lastly, taking the results of many tests, unite like the curd of a single meal, 

it IS found that the fat present in Cheddar with the result that interstices are 

cheese varies from 32 to 34J per cent., and formed, in which the blue fungus, Pent- 

the solid matter from 62 to 64J per cent. ciUivm glamum is enabled to grow. In 

Cheshire Cheese. Cheshire cheese, fhe manufacture of Roquefort the growth 

which closely resembles Cheddar cheese in ■ of mould is encouraged by the addition 

appearance, except that usually it is to the curd of crumbs obtained from 

coloured artificially, nevertheless differs bread produced from barley and rye 

in flavour and texture. It is made of ■ dour, upon which the fungus is already 

three t3q)es : (1) the early ripening cheese, H flourishing. 

which possesses a stronger flavour, and MaRing Stilton Cheese. In making 

contains more moisture, thus paying the Stilton cheese the milk is allowed to stancl 


producer a better price for his milk ; 39, stilton dot from the cows until it has fallen 
(2) the medium cheese ; (3) the long- board and ^de required temperature, which varies 
keeping cheese. In the manufacture of mould ^2° F. to 90° F., the natural heat 


Cheshire cheese the formation of acid 
is promoted by the addition of sour whey, 
usually 1 per cent., before the rennet is added 
for coagulation. The curd is cut larger in 
making the early ripening variety, while the 
w’hey is left in the vat longer. 

Less pressure, too, is applied, and 
the curd is not ground in the mill. 

In the manufacture of the medium 
type of Cheshire cheese the curd 
is cut finer than in the early 
ripening type ; it is also ground, 
and subsequently placed in an 
oven w hen in the vat, or hoop, at 
a temperature of about 80° F., and 
not put to press until the following 
day, when it remains for some five 
days. In this case salt is used at 
the rate of 2J per cent. In 
making the late- keeping cheese, 
coagulation lasts longer — some 
60 minutes — while the curd is 


never being lost. Coagulation lasts 50 
minutes, and when the curd is ready for 
removal it is taken in large slices and carefully 
laid in cheese-cloths, spread within shallow 
metal receptacles [41], where it gradually parts 
with its whey by gravitation. 
Subsequently, however, the four 
corners of the cloths are drawn 
together and loosely tied, the 
slight squeezing inducing the 
further drainage of the whey [32 
and 33, page 4491]. Later, the 
corners are tightened slightly from 
time to time, as the maker finds 
necessary, the curd l3dng in the 
whey all the time. When drainage 
is sufficiently complete the whey 
is run off, and the curd, now 
comparatively solid, is laid in 
' pieces in a vessel made for 
this purpose [41], and turned 
- . from time to time to assist 


cut finer than in the medium 40, stilton cheese draining stand, it to mature ; and it remains 
variety, and subsequently showing draining tube until the following morning, 
ground, and when in the when, now soft and mellow. 


mould, or hoop, it is placed in the oven 
and submitted to a longer period of pressure. 
In Cheshire manufacture it is usual to increase 
the temperature of the scald from spring 
to autumn gradually. Cheshire cheese has a 
good market among the industrial population 
of Lancashire and the North, and by its produc- 
tion Cheshire farmers have become some of the 
most prosperous in the country. 

Blue-veined Cheese. Unpressed cheeses, 
that are remarkable for the blue mould 
which runs in veins within them, are chiefly 
by Stilton, Wenaleydale, Gorgonzola, 


it is mixed with the curd produced from 
the milk of the previous evening, both lots 
having been broken into small pieces by hand 
and salted with fine dry salt at the rate of 
2 per cent. By long exposure, the first curd 
has developed acid sufficient for the purpose of 
the maker. The mixed curd is next placed in 
cheese hoops, which are pierced with many holes 
[39 and 40], and taken to a warmer apartment, 
about 60° F., to induce it to drain. Here it 
remains, being turned from day to day, until it 
is fit to take out of the hoop, when it is bandaged 
with calico, each bandage being changed daily, 
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until the coat or jacket -like crust begins to form 
on the outside, when it is once more removed, but 
to a cooler apartment, about 55° F., until the 
coat be fully formed. At this time change is 
again necessary, and it is removed to the ripening 
apartment, maintained at 60° F., which may be 
increased to 65° F. if it become necessary to 
hasten the ripening. Every cheese is turned 
daily and carefully examined, that it may be kept 
free from mites or flies, both of which should 
be excluded from the ripening apartments — an 
important feature in Stilton cheese manufacture. 
The ripening- room should be kept not only at 
an even temperature, but sufficiently moist to 
prevent the cheeses drying, and their consequent 
loss of weight and quality. From the beginning 
to the end of the process, the greatest possible 
care is needed to control the activity of bacteria, 
\Ahieh are associated with dirt, and e'%pecially 
with unclean utensils, 

\ large proportion of the 
Stilton cheese produced 
in England is spoiled as 
much from this cause 
as from w'ant of know- 
ledge of principles. 

Gruyere. Cruyerc, 
the leading cheese of 
Continental typo so 
largely manufactured in 
France and Switzerland, 
where it is known as 
Emmentholcry is to a 
large ^.xtent the pro- 
duct of milk delivered 
to factories by numbers 
of very small cowkeepers. 

The temperature for the 
coagulation of the curd 
is 95° F., while cutting 
begins in 30 minutes. 

After cutting, the curd 
is broVn during the 
stirring process until it 
is about the size of a 
pea, when it is heated 
while in the whey to 
a temperature vaiying 
from 105° F. to 130° F. 

Salt is rubbed into the crust at the rate of 
per cent, after the cheese is formed, it having 
previoiisly been subjected to heavy presMire. 
In the process of ripening it is subjected to three 
temperatures, all of which should be under 
control — first to 60° F., then to 57° F., and 
finally to 52° F. The character and flavour 
of Gru 3 ’'ere is largely owing to the inoculation 
of the milk with the lactic ferment through 
the medium of sour wdicy. The eyes, or holes, 
of the cheese should be of medium size, bright, 
clean, and glazed, and the flavour should re- 
semble that of a hazel nut. 

Soft Cheese. Cheeses of the soft or 
impressed type are made for consumption in a 
white or fresh condition, or they arc ripened by 
careful manipulation and subjection for some 
weeks to well-controlled temperatures. As we 
have already showm, fresh curd is insoluble ; 


but whether a cheese be ripened while young 
and fresh or when some weeks old, it is practically 
soluble owing to the change which has been 
effected by the action of mould or bacteria, or 
both. The brick -shaped Yorkshire curd-cheese 
common to this country, like the fresh Coulom- 
miers of France (wdiich is now made and sold in 
England), are types of the white or fresh curd- 
cheese ; while Brie and Camembert are ex- 
amples of the finest varieties of ripened cheese. 
In the manufacture of fresh or white curd- 
cheese, the curd obtained at a given temperature 
and in a given time is removed carefully wdiilc 
still tender into the mould, w'hich gives it it? 
form, and from which it parts with its whey 
by gra\itation. Moulds arc now usually made 
of metal, and in some cases pierced with holes 
[ 42 - 44 ]. They are placed upon mats of clean, 
straight straws to fafilitatc drainage, and an' 
turned from time to 
time that the whey 
may escape from both 
top and bottom. When 
drainage has been suf- 
ficient to give firmness 
to the young cheese 
the mould is removed, 
the cheese is salted on 
its various faces, and 
turned d .ily in an apart- 
ment kept at a gi\en 
temperature until, in 
three or four da\s, it 
has become sufficieirly 
mellow and has de- 
veloped a d c 1 i e a 1 0 
flavour, w'hich qualifies 
it for the table. Afull}'- 
ripened cheese, on the 
contrary, although sub- 
jected to the first pro- 
cesses already named, is 
allowed to remain in 
the first of the ripening 
looms, usually tenuctl 
by the French the 
drijing’YOiynu until it is 
covcrenl with a wliito, 
veUcty down or fungus, 
which in most cases is succeeded by the line 
fungus {Pruicillium), the action of which is to 
nt'utralise the acidity of the curd, and in thi" 
enable the casein ferments, or bacteria, to 
conijilete the woik of ripening and converting 
the insoluble into soluble matter. It may be 
mentioiK'd that as the mould grows upon the 
outside of the ehcese, so lipening begins from 
the outside, proceeding toA\ards the centre, which 
when readied becomes thin, and may cause the 
cheese to run. The reason is that the outside 
being first neutralised the bacteria there first 
become active. 

Brie. A brief desc ription of the process 
of the manufacture of the ehuf of all F’cneh 
cheeses must suffice as an example in this 
particular department of the cheesemaking 
industry. Brie is a creamy whole-milk cheese 
about 1 in. in thickness and varying from 
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S in. to 12 in. in diameter. It is made in the 
famous Brie district near Paris, and realises, 
especially in the season, very high prices, which 
are lucrative 1o the farmer. The milk (unployed 
in the manufacture of Brie cheese alone, com- 
paratively insignificant as it may appear to the 
British farmer, is quite equal to that produced 
bv the whole of the cows of two of many of our 
English counties. It is probable that in all 
good I^rie dairies the 
milk utilised in this 
way realises an average 
of Is. a gallon, or pro- 
bably 50 per cent, 
more than tlie average 
realised by leading 
Britisli dairy farmers. 42 coitlom- 
The rennet is added miers cheese 
to the milk at 82"^ F. mould 

to F., the curd 
lx‘ing ready in from 
two to four hours, 
according .o custom. It should be tender, and 
very carefully placed within the double metal 
moulds which are employed in this industry. 
These moulds consist of two round hoops, which 
average 10 in. in diameter by in. in height, 
one fitting into the other, so that when the curd 
is drained sufficiently, and its surface has fallen 
Ixilow the bottom of the top hoop, this is removed, 
and it then becomes possible to turn the cheese. 
Each pair of moulds is placed on clean straw 
mate, upon which the maker lays the curd in 
thin slices for drainage, the temperature of the 
apartment being about 02° F. When ready for 
turning, a clean mat is placed on the top of the 
lower mould, and the cliccse inverted, and, salt 
ha\fing been spread over the cheese on either 
side, this prac tice is continued ^om day to day 
in the drying -room, which is ke^t at a tempera- 
ture of 05° F., until the outsides are covered 
with white mould. Turning, however, still 
continues until the blue mould appears, as it 
docs at first in spots or buttons here and there. 
Gradually, however, the whole surface is covered 
with blue, and in the best managed dairies 
with isolated spots of vermilion. The checHes 
arc examined and turned daily until, in about six 
weeks, they arc sufficiently ripe for the market. 

General Points on CheesemaKing. 
Whatever the variety of cheese that i.s manu- 
factured, the process involved is one which 
resembles those already descTibed in its main 
characteristics. From what has been said 
already it will be remembered tliat the time of 
coagulation, and consequently the quantity 
of rennet employed and the temperature at 
wliich the milk is set, influence the process of 
diainagc*, the pr(‘sence of iicid, and the general 
condition of the curd. Fine cutting facilitates 
drainage, and pressure reduces the quantity of 
moisture, and consequently of sugar, which, 
l>eing in solution, remains in the cheese to a 
larger extent wher^ the moisture retained is 
larger in quantity. It follows, too, that the 
temperature at which the cheese is exposed 
during ripening involves differences in the 


process of fermentation, and apparently also in 
flavour. The famous Pont Vrh'eqne cheese of 
France is produced from di’icr curd than the 
Brie or the Camembert, with the result that its 
flavour is entirely different, and, although 
science has not yet determined the point, it is 
more than probable that flavour, like con- 
sistence or texture, is in part governed' by the 
quantitative 7 i‘lationship of the solid materials 
of which the cheese 
is composed — f.c., the 
fat, the casein, the 
albumin, the sugar, 
and the mineral matter. 
Investigations have 
been made recently in 
the United States in 
44. OAMEM- the hope of deter- 

BERT CHEESE mining the cause of 

MOULD the flavour of Cara- 

embert. It is believed, 
although no proof is 
yet forthcoming, that the vegetable organism 
Oidinm larHs, wliich presents a creamy ajipear- 
ance on the surface of milk, but which below 
the surface closely rc'semhles the cells of yeast, 
is to some extent responsible. We have, how- 
ever, much to learn; hut until properly siih- 
stantiat-ed facts are forthcoming, the chccsi*- 
maker vill be well advised to follow the recog- 
nised processes of the day as practised by the 
most skilful and successful manufacturers. 
THE BEST BOOKS ON DAIRYING 

“The Dairy Farm.” ByJ.Lonp. {Cazonovr. 2H.(\d.) 

“ Practical Dairy Farmiiie:.’’ By Prof. J. P. 
Sheldon. (Bell, l.s.) 

“Elements of D iir\» Fanning.” By J. Lonv. 
(Collins. 2s.) 

“ The Dairy.” By J. Long and J. C. Morton. 
(Vinton. 2--. Hd.) 

“ The Book of tlie Dairy.” Translated from Prof. 
W. Fleischmann. (Blaekie. 10s. tid.) 

“ The Farm and tie* Dairy.” Ity J’rof. J. P. Shel- 
don. (Bell. 2s, 0(1 ) 

“ Manual of Dairy Work ” By .Tiimi'S Muir. 
(Moeniillan. D.) 

“Britisli Dairying.” By J. P. Sheldon. (Lock- 
wood. 2s. Gd.) 

“ Handbook for Farmers and Dairymen.” By 
F. W. Woll (U.S.A.). ((Mia{)inan. 2.'^. Gel.) 

“ Practical I^niry Ho.sbandry.” By X. A. Willard. 
(Kegan Paul, l.w.) 

“ Economics in Dairy Fanning.” By E. MiiftliewH. 
(XewTK's. 7 h. Gd.) 

“Milk and Its ProdnetH ; Nature and Qualitn'S 
of Dairy Milk and the Manufneturo of Butt(T and 
Cheese. “ By H. H. Wing. (Maemillan. 4 h.) 

“ Milk : Its Nature and (Composition.” By 
C. M. Aikmann.M.A.,D.Sc. (A. (k Black. .3H.Gd.) 

“ Milk, (.1i(M he, and Butter.” By J. Oliwr. (Lock- 
wood. 7 h. 61.) 

“ Chc(*S(' and Cheese Making, Butt(>r and Milk.” 
With Special Rderence to Continental Fancy 
Varieties. By James Long and John Bonsoii. 
((diapmon Hall. Hr. Gd.) 

“ Choose and Butter Making.” By J. Oliver 
and M. Barron, (BemroHe. Is.) 

“Dairy Bacteriology.” Translated from Dr. 
Ed. Von f'rendenreich. (Methuen. 2 h. Gd.) 

“ Principk'R of Modern Dairy Practice, from a 
Bacteriological Point of Vii'w.” Translated from 
(L (Jrotenfelt (U.S.A.). (Chapman. 10s. 

“ Dairj' (yhciiiistry.” By H. D. Richmond. 
((Dittin. IGs.) 


Dairy Farming; condnded ; followed by Poultry 
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By ARTHUR MEE 


IT is one of the mysteries of things that half 
^ the quarrels in the world, half the time of 
Parliaments and Law Courts, half the mis- 
understandings and confusions of private and 
public life, arise from the inability of men to 
say clearly what they mean. It could be proved, 
perhaps, that half the time and energy of the 
world is spent in explaining the meaning of 
words. 

There need be no apology, therefore, for 
pausing in our study of journalism to consider 
the use of words. It would seem, at first sight, 
that nothing could well be simpler ; yet the 
experience of men in all times and in all ages 
has proved that nothing could well be more 
difficult. The meaning of a word may be 
perfectly clear, so clear that, standing alone, 
it cannot by any process of argument be made 
to possess any other meaning ; yet that word, 
placed in a sentence, may divide parties in the 
State and involve the time of judges and juries 
through weary months and years. It may be 
said that if language had been a rigid thing of 
geometrical exactness, if words had been tilings 
like locks and keys, fitting one place and no other, 
the whole world would have been different, and 
the history of the human race would have lost 
more than half its bitterness. 

Say What You Mean. It is one of 
the first duties of the journalist to realise 
that words are fearful things ; that the proper 
use of them is perhaps the most delicate 
art in which men can engage. “ Say what 
you mean ” is a counsel that might well be 
printed in letters of gold across the journalist’s 
horizon. It is the work of the journalist to 
say what he means, and to say it so that, as 
Dr. George Macdonald says, it may not be 
mistaken for what he does not mean. Journal- 
ism has no room for the man who cannot say 
that two and tw'o make four without creating 
some confusion as to whether they do not 
really make five. The man whose mental 
temperament will not allow him to say that a 
spade is a spade should be a lawyer or a quack 
politician rather than a journalist. 

He need not trouble about “ stylo.” Style, 
like happiness, is not to be found by looking 
for it. Nobody can create it for him. It is 
not a thing that he himself can make. It will 
come, bom of his genius, of the very nature of 
liim. He can no more invent a^tylo of writing 
than he can invent a style of talking, and his 
style of talking, unless he would make himself 
ridiculous, is that created for him by a greater 
power than he can contradict. The fest answer 
that can be made to the young man who asks 
how to write can be put in a word : he should 
write naturally. 


The Books that Help Us. That docs 
not mean, of course, that he need not train 
himself to write, any more than to say that 
a man should live naturally means that he 
need not choose good food. We may carry the 
simile farther and say that, just as the man 
who eats well is likely to live well, so the man 
who reads well is likely to write well. Though 
a man’s style must come of itself, he may 
prepare himself for it by a careful reading of 
books. It may be questioned, perhaps, whether 
his reading need even be “ careful.” It is 
probably true that a free and simple style comes 
most naturally and easily from a miscellaneous 
and unregulated kind of reading In any case 
his reading should be wide in choice of author 
and subject, and should be sympathetic. It 
is a wise rule never to read anything as a duty ; 
to put a book down the moment it ceases to 
interest. The books that help us are the books 
that poifsesa us as we read them ; the books 
we pick up eagerly and are loth to put dowm. 

It does not follow that the books that interest 
us most will help us to write best. It is 
conceivable that a man may bo held as in a 
trance by a story which may have no good 
writing in it. But we remember that we are 
writing here for the young man who is fitted for 
journalism, whose tastes will lead him naturally 
to the right books. He may be safely advised, 
at first at any rate, to leave alone books that 
have a “ style.” Somebody has told us of a 
brilliant man of letters who rained his style and 
immensely lessened his influence because in his 
youth he was an enthusiastic admirer of Carlyle, 
and formed his style on Carlyle’s ; and it is pro- 
bably a familiar case in the tragedy of letters. 

1 he Journalist’s Reading. The young 
writer will do w’oll to read books which, by theur 
simple language, have commended thenisc]\ es to 
the mass of mankind. After all, it is the best 
tevst. The journalist who would bo as a John the 
Baptist wTiting in the wilderness may clioose his 
own way ; the man who WTites to be under- 
standed of the people will choose the way of those 
writers who have reached the people's heart. 

He will become familiar with Tennyson and 
Ruskin, and he will find no more helpful ex- 
amples of the way in which our language can 
be tuned to music. He will be fond, very fond, 
of poetry. The English poet«, said Robert 
Buchanan, were his best and only guides,” 
and a love of poetry is of inestimable value in 
learning how to write. He will take Mr. Birrell’s 
advice, and never let a day pass without reading 
a really good bit of English — “ an essay by 
Addison or Arnold, a sermon by Newman or 
Spurgeon, one of Cobbett’s Rural Rides, or a 
letter of Cowper’s.” He will read fine passages 
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again and again, rend them aloud whenever ho 
ran, and if he has not a natural ear for the muBic 
of wordH lie will turn aside from letters lK*fore 
he a/l(lB one more name to the long sad list of 
rncm who have failed. 

The Natural Gift of Writing. There 
is not a day on whieh ‘^ome letters do not 
pass through the jiost asking an editor for 
fwlviee on liow to writ^*. Too ofUm, alas, they 
hear Hlam|K*d on th(‘ii faee tlie certain evidence 
(hat no advice W'ould U' of any use. It is 
remaikahle that tluM’e should Im* in the world 
intelligent people who imagine that a man may 
Ik* tauglit to write exactly as he is taught 
to inakf* a table. It is true, of course, that 
no man can write unless h(‘ has the gift w'itliin 
him. That is a gift which, how’cvc'r much it 
may Ik' cultivat^al, can never Ik* inquired 
entirely from witliout ; can n<‘ver Ik* learned, 
that is, unless the instinct is im})hint(‘d in the 
mind. An npjireciation of this truth will save 
much disappoint m(“nt. It is, perhaps, t(K) 
much t< say that waiters are horn, not mad(‘, 
hut to SOUK* extent at haist this is true. It is 
yiossihh' to take a man utterly ignorant ot 
mathematics and make him an accountant : 
it is possible to take a man knowing nothing of 
mechanies and make him a capable engineer. 
Hut it is not possilile to tak(* a man with nothing 
in him of the genius of art or of language and 
mak(‘ him a painter or a writer. 'I’lu* diflenmee 
is tin* whole dith'rence between acipiired and 
natural faculties, and to this extent it may h(‘ 
p(‘rf<‘ctly true to say that writing is a natural gift. 

Writing and Speaking. It d(K*s not, 
of course, f«>llow that all who an* naturally 
(MidoANcd witli this gift know how to use it. 
'They must still dis(*ov(*r for th<‘mselv(‘s the 
yuK'try of languag<*. tlu' sulille w’ay of ('on- 
\ eying thouglits through words. 'rii(‘y must 
still drink into their souls the spirit of great 
hooks. 'Phey must still lt>arn tin* mysteiy of 
putting tlh'inselves - mind, h<*art, and soul into 
tin* thing they write ; of letting their ]K'n t*e, 
as it were, tlie lens through which their thoughts 
liv tlu’inselves clearly and indelibly up(»n tlie 
sensitivi* mind t»f him who r(*ads. It is a high 
ideal, which is not always yuvsent wlu‘n wt* 
writ(\ but it is this way that gnad writing Ii<*s. 

No rules can make a w riter, Imt the ex]K'rienee 
of many writers ina\ l\(*lj> liim. Ih'rhayvs tlie 
truest tiling that can In* said about gotxl writing 
is that it is iineonseioiis. We use woixls lightly 
in talking, not always milising their etieet ; 
l)ut lioAV infinitely more Wi‘ighty is the word 
that is writti'ii ! Yot the goinl writiT is he who, 
conscious of tin* weight of woixls. still writes 
as fm'ly as he talks, who writes as if he weix* 
talking, who sends liis tlioughts direct fixun mind 
to mind across syiaee and time as across a table. 
It is the natural tiling said in the natural way 
tliat makes up literature. The lH‘st letter wTiter 
is the man who writes to his friend as he would 
talk to him face to face ; the lx*st letters are those 
in which we can almost hear a voice, in whieh 
we can almost see a soul. 

The young writer will hear much of the 
criticism that “ that is all very’ well to say, but 


you must not it.” It is, of course, per- 

fectly good eritieisin sometimes, but in the main 
ho need no+ })ay much attention to it. There is 
no esMmtial difference between the language that 
is spoken and the language that is wTitten, and 
those who set up such a distinction are generally 
to be found among writers w^ho have no concep- 
tion of freedom in wTiting, and whose style is 
jiortentous and axvful bey’'ond reading. 

Journalese, the Unpardonable Style. 
Tie* •'tilted and formal use of W’ords is of all 
tilings most to Ik* avoided. A word out r*f 
place is lik(* a discord in music. A stilted 
styh* is like a bad tune. It is easy to fall into 
the ayipalling style of writing which wt call 
journalese. It is far too common in news- 
pajK*rs and magazin(*s, and even in books. It is 
the hall-mark of mediocrity. Its w’orst featun* 
is the continual use of mild adjectives x\hieh 
hav<* no meaning, of set yihrases of wliieh wx* are 
w'(*ary ; the saying of things tliat mean nothing 
at all, and tlu* dragging in of familiar quotations. 
A small voeabulaiy’ learnt by rote, a few' stock 
yihrases and quotations, are all the capital th(* 
journai(‘se liore needs. If he is a reporter he 
s|K‘aks of the* “ lurid glow in tlu* sky ” at a tin*, 
and of tlu* “ progrt*ss of tlu* d(*v()uring elenu*iit ’ 
being arrested wlu*n tlu* fire is put out ; at a 
wedding h<* t<*lls u-n that the “ bridi* won gold(*ti 
opinions,' and was “tlu* eynosun* of all eyes.*' 
If n l(*arh‘r w’rit(*r. lu* calls upon ns to “ read, 
mark, h**m, and inwardlv digi'sl " his opinions; 
he “indulges in .i fiw reflections,” and “in<liiu“- 
towards" a yiartieular view. 

.\iul it is not only in n(‘W',s])ap(*rs that wi* an* 
bon*d to dt*alh hy eharaelerl(*ss W’riting wliieh is 
a nu*re ymtting togt*tlu*r of phititiuh's and yihrast*'. 
HundH‘ds of books ap])(*ar (*vorv y(*ar which 
tlu* yiublislu'is ought to be heartily asham(*d. .\ 
book w(‘ hav(* just read, with a large* eireulatiou 
and by a <*a[)able* \\rit(*r. is full c>f such ])hrascs as 
atif/ u'/tif/,, uroimly used in almost ev(*iy ease; 
and (h'fft’Hnf tn is almost as e*omnion among 
writers as among s]K*ake‘rs. But ev(*n tlu*-e 
thimrs an* mon* pardonable than the yxrsistvnt 
and an!U)yiug use of ee>lourl(‘ss plir.ises and the* 
painful s(*an*l)ing after litt le*-known words. 

The Use of Simple Words. Nothing 
can Ik* x\e)rsi‘ fe>r a man who must earn liis 
living by xvriting than tei give tho.se* wlio 
read the impre*ssi<>n that he* }uiuseKl one'e* at 
least in e\eiT paragrajih to le>eik uj) the 
dictionary. 'Plu're are nv*n wlu» use* the* right 
weuxl instinct iveh but wlu), by sh(‘er perversity 
of " style," will change it for another. 'rhe‘y 
judge the value* of the*ir writing, ap])arently. by 
the obscurity of their weirds. If they think e>f a 
word whieh only one in ten can understand, they 
ii8<‘ it in pixderenee to a word whieh nine in 
ten will understand, and think their achieve- 
ment clever. Jt is as clever as the trick of tlic 
sign-writer who puts a letter upside dowTi to 
attract attention to a (piaek medicine adver- 
tiw'inent outside a chemist's shop. 

The young writer will set himself sternly 
Against these things. He will never use a Haiti 
word where an easy one will do. “All distin- 
guished p^xtry. says Emerson, “ is w’ritten in the 
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oldest and simplest English %voi'ds and it is not 
less true of proB(\ Long cx|>erienee has given 
editors certain rough-and-ready guides in forming 
estimates of a man's writing almost at a glanee, 
and. though these are difficult to detine, the y have 
to do largely with such things as we art* now 
considering. 

The great aim of writing is to express meaning 
elearh and qiiiekly. and the ideal article has not 
u wasted word in it. An excellent rule is to use 
ah\ays short >\ords and shen't s(‘ntenees, and 
tluTc should l>e no striving for ]^h rases and 
scraps of foreign languag(‘s. “ I'liert' is nothing 
which can l)e said at all, ’ says Mr. Christie 
Murrnv, “which (‘annot lu' said in English ’; 
and n(‘arly everybody will agrt*e with him. 

The lieet English. Then' should be no 
ugly words, no jarring (uids of sentences. Nor 
iK'cd the writer Ik* afraid of repetition. Then* is 
a |H‘rnicious CKM’trine that repetition is baa, and 
g(MKl writers are found who would rather not write 
about a village than u.*^<‘ “Milage ’ twice in tin* 
same paragrayih. Any synonym rather than that : 
ana, ransacking their minds for other wa\s of 
^'aying what they mean, tb(*y wnt<‘ hamlet. 
l(K*ality, district, n(*iglib<'urliood. eominunity, 
c(»ll(‘etjon of hous<‘s. L(*t iis make up our minds 
that when w(‘ want to sa's villag(‘ it is bad English 
to say nn> tliipg else, and that it may be p(‘rfeetly 
right and good —as, of course, it tnatj hr wrong 
nd had - to use the same word in the same 
scntenci* halt u do/.en time**. 

ft is not tin* good ear for words or tlu* juiro 
love of g(*od English that condemns rc]M‘titi()n, 
hut a jH'tty fastidiousm'ss. " Nothing,” saya 
Mr. If. (h Weils, ” could he more alien to the 
syiirit of eon temyiorary prose than for a writer to 
dodge among im|K‘rfect s]^mon\ins to avoid 
saying what he ha.s and wants to say.” It is this 
fe.ir of using th<‘ word w(* mean wln-nevcr we 
mean it that has largely brought about the habit 
of saying rcnrimenre when w<* m«*an hrffin. There 
is not the slightest <‘xeu.se, save in v(tv <*xcep- 
tional circumstaneeH, for romuifncf. It is eon- 
d<mn(*d by tlu* fundam<‘nUil princiyile of good 
writing tliat a jiiirc? English word should always 
he us(*d in preferenei* to a foreign w<>rd ; it is 
‘ ondemiK'd, too, by that other jiriiieiple of gocul 
Willing that the short, direct word is always 
best. Then* is sorni'thing much ri(*arcr to tlm 
origin of things in be(jin than in cotnmtvrr. 
lit (jin is mii(‘h the prettier word. In tlu* hook of 
purest English in the wy)rld, tlu* Ihhh*, ntmwehre, 
is not once used, ihougli thcK; are neaily a 
lumdred hrgijui, and (me shudders to think liow 
s(>me modern writers would have destroy<'(l one of 
the most lK*autiful phrases in all language, and 
U-gun tlu* Ihhle w ith In tht rommf nrt inciU Oini. 

The Awkward Way of Saying 
Things. The irapc>rtanee of cultivating tho 
practice of writing in short, ck*ar-eut simtcnces 
can hardly Ik* overstated. A g<K)d journalist 
never writes “ ye.sterday evening ” for “ la-st 
night ” ; never speaks of an “ elect rieally-drawm 
train” when “electric train ’ will do. He ha.s 
found that the best writing is that w hich contains 
not only the fewest possible words but th<j 
fewest possible syllables. 


It is j)08sible to l>egin a sentence at tlio wrong 
end and still obey all tlie law's of grammar ; but 
the writer who dex's that obeys the laws of 
grammar by disolK'ving laws of much greater 
im|K)rtanee. He might .say “ With the gn'iitest 
optimism tlu' man was inspired ; the hridgi* was 
built hy him all difficult ies notwithstanding.” 
We should know wluit he rni’ant, but- wa* should 
know it mueli s(Km(*r if he said “ Tlio man wiis 
inspirt*d with the giratest optimism, lb* built 
the bridge in s])it(* of all dillieult i(*s.” 'Khe 
writ«‘r is telling us something about a man. and 
it is simply had construction to tell us wliat that 
something is h(*iore t lu* man is in our mind. Tlu* 
awkward habit of beginning at tlie wrong I'lul 
is the enemy of smooth, facih* writing it 
(l(‘.stroys the music of language and the luitural 
Ilow’ of phrases, and it r(*(*alls that wcusi ot all 
hahits -ilu* attempt to force* a styh* which will 
not couH*. for noltody speaks like* that ; nolm y 
says “ .\n up Jiill one* was his task.'' E\cn 
tlu* man w'ho wrote tliat w'ould say in eouvei- 
saiion “ His task was an up hill one*.” 

It is tlu* danger of studying styh* that it max 
produce a eoiisi lous style in the stuehait, and 
nothing could xxell he^ worse* d’hen* an- (‘\ 
(•(“ptions to all rule's, and th<‘n* are* cases of iiu ii 
who have* aehi(“ve*el a re‘])utatie»n hy e re'aliug .i 
purely aitilie*ial style* of the*ir e)W'n. M’lu'fe* air 
sue*e*e‘Hsful W'rite‘rs wlio write? in a maimer whu h 
has hi'ceune* e*asy to the*m only after lemg e-llort 
Hut we* can ]U‘ve*r eall tlu*ir writing natural, anel 
the nu*re* fae t t hat an art ifie*ial style* has Hiu'e-e e-ele'd 
in rare* e-ase's is no argunu*nt in favemr e>f feuemg 
a style* of one's e»wn. '^riie thing w'hie*h is laheu 
ieiusly writt(*n, in which, as we? I'cad, we* eaii 
almost fes*! the? laborious (*ITort of tlu? writer 
to e'xpre*H.*i hims(‘lf, is not the? kind of willing 
of which gre*at lite*raturo is made*, d'lierughl 
e*\pre‘sses it^e•lf he‘sl and lives louge-st m a simple* 
se-t ting. 

Grammar should be Used, not Wor* 
shipped. Hut, when all is saiel that e.iri he* 
said, tlu; h(*Kt advie*e* as te? how 1 e) write* is that we* 
should write* w ithout any e e)n.se iouHne*ss ed st^'le• at 
all. Weireis are the vehie-les e)f tluruglit, ami the 
g ammar ed words is the* se’ience ol expre-^sion. 
(dammar, howe*ve*r, is a tool, and not a master, 
and the write*r will find that at time*s hi.s rigid 
tool Is im]Krfee*t and in the w'ay. He must not 
destroy hiM fressleun of (•xj)r<*H.sion, or interfere* 
wdth the natural way of saying what lu* lias to 
say, tlirough a shivisli ele^ve/tiem 1 <» a rnh* of 
grammar. He; will find at tmu-s that e*fj]»)iony is 
of more* imjiortance than grammar, aijei will not 
allow' the second Ik‘kI to de*stioy the* he-.^t. dust as 
the* j>ainteT must jiairil things iru*e)rr(*<*t I y at tmu-s 
that we* may se*(; them as they are, so the wiitcr 
must write incorrectly at limes in order that 
we* may read him as we; should, (irammar is to 
Ik* used, not w'orshipjjed, and though tlu* frt'cdttni 
to ignore it is a very de-lieaie hccnce that we 
may give ourse-lves, there are times when we 
may ii.se* the* licence; without any fear for eeur 
reputation. That, indeed, is jHrhajw only oru* 
more way e)f saying what we have* lH*en sitying all 
along- that there are no jK*rfeet ruh-s of writing 
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anywhoro. Tt has all put excellently well 
by AllinKhnm, the Inwh poet : 

Not like Homer ^voul^l T MTitc, 

X(»t like Dante if I might, 

Not like Shakr*speare at his best. 

Not like (ioethe or the rest ; 

Like myself, however small, 

Like myself, or not at all. 

Know More than You Say. We shall 
come to e(»nsi(ler in flue ef)urHe the business of 
the journalist as a cfintrihiitor to the magazines, 
hut vve nniy eonsidfT very hri(‘tly here, per- 
ha]>H, I lie methofl of ])re])aring an article. Tt is 
ol tlie tirst importance that the writer should 
undeihlanfl his suhj(‘et thoroughly. A little know- 
ledge, it is said, is a dangerous thing, and it is 
dangerf)us enough when the man with a litth* 
knowledge mistakes himself for an exjiert. P>ut 
it is the journalist's business to have a little 
Knf)v ledge ol many things, and it ne(‘d not lx* 
dangfu’ous unless he makf's it so. Ifis litth‘ 
knovs ledge must he used to lead him to .soure<‘s of 
greatej’ knowledge. We have already diseussfal 
the impoitanee ol his heine ahh- to ma.ster facts 
fjuiekly, and to entf'r readily into any subject. 
He must l ave the gilt of engrossing hiinstdf in his 
subjf'ct, ot knovsing alt that lu* can know about 
it while he is writing. He should bf* as int<‘rested 
in an ai'tiele as it it were a book ; he slumld tak(‘ 
as much pains w ith the one as w ith the <dher. Ife 
should ma.k<‘ it a ud<‘ to kmtw' twice as much 
as he can say about his subject. Nothing is (*\er 
lost by thoroughness. Nothing ever known i"' 
W'astfsl. d’he man who waiter with the fulness of 
knowhs]g(‘ writes all the b<‘tt(*r for knowing 
many things which he lU'ed not tf'll 

Preparing an Article. I>‘t us (‘onsider 
the g('nesi‘^ of an article. .\ journalist was<‘alh‘d 
upon to write thre<‘ columns for an important 
London morning ]ia))er, and had six hours in 
which topri'paie his copy. !b‘ took up a htth' 
book just published on t he lite of a famous statf'S- 
man, and Wf iit to his library, ITe found a strong 
human m>te in th<‘ Ixmk which appfuded to him. 
H(* ma.d<' up his mii\d to tell the moving stoiy* 
of this man's life, 'Plu' journalist looked up his 
library inde.\. skip)H'd through two or tlins* other 
lives of tlie statesman, dipped into the lives of 
two or thiee contfuuporaries and histories ot th(‘ 
(im(‘, found a rfunarkahle amx'dote almost un- 
known in a book of gf*ssi|). looked u]) opinions 
and im])n*ssions of the stat(‘sman's work and 
eharaeter, and glane<‘d ra]Mdly through a history 
of the most important trans:vetion in wliif h la' 
was engagf'd. It t<H»k him pf'rhaps two hours to 
makf“ his notf's, hnt in tlu' end he wius stirred 
by the story in whieh he had livf'd for those two 
hours, and he sat down and WTote his artiele 
with havilhj n rfftirvcr /o his votts. 

Tlu' h'sson to 1 h* gatluTed from this is ])lain. 
Thf' writer s thorough pn'paration for his work, 
tlu‘ r(‘seareh ajul tin' making of his notes, made 
him so intimate and s;vmi]mthetie with his suh- 
je<‘t that tlie writing heeame a labour of love. 

Put Your Facts in Order. The jour- 
nalist must always be prepared for rtvseareli of 
the most thorough kind, and must have the 
means for this at luuid. Onee he is master 
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of liis facts his work is easy. The rest, per- 
liaps, is not so (*asy as Robert Louis Stevenson 
would have us believe. “ If,” said he, “ a man 
has every word and every sentence and every 
subject in the right order, and has no other gift, 
he will he a great wTiter,'’ even though his 
clauses ore unmusical and his words colourless 
and ineft'eetiv’e. That is a remarkable statement 
which it is difficult to accept as the delilrerate 
o]>inion of a great wTiter, hut it serves, at any 
rate, to emphasise the importance of having our 
facts in ordi'i*. And not our facts only, but our 
thoughts and ideas, for ideas as w'cll as words 
must harinonis(‘ and hang together. It is well to 
read a s<*ntcnce aloud ; reading aloud, indeed, 
is exci'lk'iit tMiining for any writer. One of tlie 
i'hief valiK'S of dictation is that it enables us to 
a])pri‘ciat<* the sound of our phrases. 

One thing the writer of an article should never 
forgc't. IL' should assume that his reader know s 
nothing of the siihji'ct on wdiich he is writing. 
'Fhen' are. of course, tlu' most obvious exceptions 
to this rule. If tlie journalist is WTiting. for 
in.stanec, in Xho Lan< et, the rule clearly docs not 
apply. It would h(‘ impcrtiiu’nt for a writer in 
th(‘ 1>VN( ET to as.sume, say. tliat his render did 
not und(‘rstand physiology, and to waste time 
in describing the sinijile anatomy of the body. 
Ihit we ari' sjM'aking of general journalism, of 
]>a|K‘rs and hooks whieh mak(‘ a universal appeal, 
and not of pajH'rs eat (‘ring for select publics. In 
general journalism, that journalist will succeed 
Im'M who a])}M‘als mo'^t strongly to tlie mind of 
hi" simplest n adir. 

The Journalist's Duty to His 
Readers. Ibil vv(' must guard ourselves very 
carefully Ihk' again"! ini."understanding. The 
writer in a nevv"pa)HT is in tlu* piKsition of a man, 
k't us say an arti"t. who i" taking ]iart in a con- 
versation with, "ay, half a do/.en }H'opl(‘ wlio 
have come togetliei’ ))romi"cuou"ly. witliout any 
interest in common. Let U" "Up}) 0 "e that tlu* 
artist i" inter(*"t('d in the (|ue"tion (d tlu* w(*ight 
of th<' earth. H ho raises tlu* subject in eoiiver- 
salion, lu' owe" it to all six to make what lu' has 
to^ i> inten*"ting to tlu-m all Hut among tlu* ."ix 
is a "cit'ui i"t who knows more than the art ist him- 
s«'lf about the vvt ight of tlu' earth, and a ck'rk 
wlio know > notbing at all about it ; and lu*n' bis 
difiieulty begins. If lu' addrc""«*s Innist'lf t<» the 
sii(*ntist lu* will probably be uniiitc*lligibU* to tlu* 
clerk. H lu* addri's-'es liiniself to tlu* clerk, be 
may be imint(‘re"t ing to the scientist. Wliat lu* 
should do i" to interest tlu* clerk at once by 
explaining llu' iii'ilter brielly and (learly, and 
pnH*ee(l to discuss the matter in such a way that 
the clerk will he able to follow him. while the 
s(*ieiitist w ill listen lM*caus(‘. though tlu* facts may 
not he nt'vv to him. tlu'V will 1 h* statin,! so clearly 
and firmly that they may eonfirm liim in .some 
|K>int, and tlu* diseus.«ion of them may bring a 
new light to bear upim them. If, in all he has 
to say, the artist has in his mind the fai't that 
the elerk knows nothing and the scientist knows 
everything, he is likely to appeal to them Inith 
and to interest the (►ther membei*s of the jiarty 
whoso knovvlinlge of the subject is of varying 
degrees Ijotween the two. 
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The Readers of an Article. It 

the same with the journalist. He will not, of 
oourse, bt' able to interest all the jxM>j)le all the 
time in all that he writes. Not even Shake- 
speare cotild do that. The man who writes a 
short artiele in a popular paj>er on tlie eom|H>si- 
tion of the stars must not exptvt that Sir HoU'rt 
Ball w'ill turn eagerly to it and become engrossed 
in it. But the consciousness of tliisiUH'd not blind 
him to the fact that millions of n‘aders know 
nothing at all alxmt the com|>osit ion of the stars, 
mid that, though he cannot mwch tlu‘se millioii'i. 
lit* will rcjicth a public in wliich a large number 
know nothing at all about the stars, in which a 
small number have a vague interest in them, and 
in which a .smaller numher still are as intc'nvstcd 
ns lie is, and know as much as he knows about 
t li(‘ snl>j(‘ct on wliich he is writ ing. And he must 
s('t hinw'lf to write in such a way that the largo 
niinilKT W'lio know nothing about the stars may 
be attriu ted tf» the siibjirt, that the small number 
who know something may read to l(‘am more, 
w hile thosi' who know all about it will read for 
the more interest of reading on a siihjeet th(‘y 
liavo made tlieir own. 

The Man Who Knows Too Much. The 

good journalist learns to write for the man wlio 
dcH's not know in siieh an intenst ing way that the 
man wdio does know reads without in the least 
res<'ntirig tlie oan*fully liiddim assuni})ti(m of 
i.:norauee. It is heeause this as]M‘et of writing 
is so im|M>rtant tliat an editor raredy asks an 
eXjK'rt. to write if he ran get a layman, and the 
exjK'rienee of editors lias proved abundantly that 
nin<‘ times out of ten the amaUair is mucli more 
likely to write a good art iele tliati the exjKTt. It 
seems almost inipo.ssihlo for an cx|K*rt to undiM- 
siand that there arc |K‘oplc w'lio do m^t kimw 
a*^ much as he know's, or that some [H*oph‘ kii(»w 
IK killing at ail. It may bo argued, indited, ibat 
tilt man who knows least about a snbjts-i, 
assuming that he is a good journalist, is the host 
man to writt* about it. Kc brings himself in 
l«>uch with a fresh .side of things; lu* puts an 
< ntliMsiasin born of new' knowledge into his work ; 
nmst iinfiortant of all, he puts the matter as it 
aj)|MMls to the mind of the average man, and it is 
for the average man that papers are productsl. 

We are not dealing with (‘Xpert jiajters, where 
(‘XjKTts are not only d(tsirable but iridispcn'.able, 
but it is fue of g(‘iieral journalism that whert? 
the cxfK^rt interests ten the ordinary journalist 
will interest a thousand, and an appreeiat i<ui 
of this will help the journalist to make his 
aj)jM‘al to the w'id»*st public. It i.s for liim 
tt> gather all the fish that he cart into hi.s 
net, and to strike at one(; a note fpf keen 
eivl general inter(*st. Tliere is a story of an 
old prea<’lier, hundreds of years ago, wIjo 
startled his congregation by Is-ginning “Tliere 
was on^c a woman wlio brought forth 
men at a birth. “ His congregation Is*earae 

alert, and the preacher was sure of their 
interest as he proec*eded to tell them of the 
birth of Moaes, “ w'ho w'as equal in himself 
to 600,000 men.” That wdtty preacdicT liad 


mastemi <>ne of tlie st'ends of journalism. Ho 
attraetesi his audience, and the ri'sl was easy. 
The Value of FeeliniS in Writing. 

Tht* young jonnialist will Ik* well udvisi'd to 
write at first about subjects he knows intimati'ly, 
always assuming that hi' does not eeasi' to Is' 
a journalist and become an exjiert. The danger 
of the exjH'rt, who usually writt's in a manner 
quite iinintelligibh* to onlinary juMipU'. is not. 
liowever. very n'al in the ('a .si' of tlie journalist , 
whose intimate knowledge of his subject is 
balaneetl by liis (‘qually intimate knowli'dge of 
bis ])ublie. So that the danger of knowing tisi 
mueb alskut a subject does not exist for the 
man who is at heart a journalist, and the 
advantage of knowing all that he can is diflieiilt 
to exaggerate. If the siibji'ct is soniet hing alwuit 
whieli he feels strongly he will find it all the 
easii'r to express liimself, and will he able to say 
wliat lie lias to say witli feeling and force. 

It can bardly be said tiHi often that earneslness 
is more than iialf of a good style, and the man 
who i.s interested in .si'rious things and writes 
atoiit them interestingly is not likely to fail for 
want of rea.derK. It is tlii' habit of writing 

about trivial tilings as if they wi*i(‘ iinjiortanti. of 
trv'ing to force an interest in a subject without 
any inherent interest of its own. that is respon- 
sible for mueb of the meelmnieal writing in 
newspapers and maga/ines. Inhere is a kind of 
artiele. to be found in many of t he popular ))eiiny 
weeklies, whieli bores one by its everlasting 
sami'iK'ss and its utter lack of interest or imiwnt- 
nnee. It t<‘lls us how many cows' tails would 
reach to the niiMUi, or how many halfpennies 
would eo\er the earth, or some other iKiirilless 
thing without- n'ason or interest or imagination. 
I’he journalist w hikse misfort line it may be to have 
ti> write these inanities for a living may be 
gieatly pitied. He will find that the hahil tells 
against originality and vigour of expression, and 
produees merely a weaver ol ingenious ealeu 
lations, with a uselchs cap - fy for spinning 
and twisting hackneyed words and phiiiHcs. 

The Be«it Training. Nh wK]ia]»er joiirnab 
isni is ]>erha]»s tin* best of all trainings tor a 
writer in any sphen*. 'rin* journalist is called upon 
to write on all sorts of subjects in great liasie, and 
he develo]>H a facility bu* arraiiLfiiig bis facts and 
interfirel ing tlieir hignilieanee and their relation 
to each otlier which heeoiiKs in\alwable. He 
learns tlie value of not (»vei loading a sentence 
with thought, of not alienating attention fiom 
on - point by dw Hing too mueh r»ri ariolher. He 
discovers t hat his best work is ii^ually t bat wlii' h 
is done most ipiickly. U c may fake it as a nmin 
nile that till* last writing in om new'Kpa))ers is 
done at high pressure, wla ii moments are precious 
and ])ririters are waiting, when the journalist sets 
down his im])res,sions, with llie first glow of his 
entliusia.sni still u]>on him, ho rapidly that he. 
is barely eoiiKcious of the form in which he is 
setting them. It is then tliat the joiirfialist ]>iits 
his nerves into his work, and writes a thing which 
he hini.Hi'lf has pleasure in reiuling w hen he oj)eris 
his pajier the next morning. 
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SOME VARIETIES OF TOOLS 

Machine Cutters. Files. Grinding Wheels. Shearing, Detrusive, and 
Percussive Tools. Moulding Tools. Tools that Operate by Leverage 


By JOSEPH G. HORNER 


Rotary Machine Cutters for Wood. 

T1k‘ K.'iwK iniiy h<‘ n-;rar(h*d as the roughing 
or hrouking-dimii to<»ls of the ^\oodwo^ke^. 
For tioiHhing and imparting all shapeft 
reijuircd to limher, tlw tools used embrace 
kriiwH and numldiiig eutteiH of many forma. 
ThcHc owe their eflieieney to the v(Ty high speed 
at which they run. Tiie (‘xeeptions are the 
broad sliaving knives UM^d in planing liroad 
surfa<‘(‘H, (»p' luting pircinely as a carpenter's 
})lane does, and nnnoving similar shavings, only 
wider and tliieker. Tiie thin wood for lioxcs in 
generally plain* I thus in a soitable machine. The 
met ho I oj mounting rotaiy cutters is to bolt four 
usually on tin* Hat fae^s of a four-side block, 
l<'rmed a rKftrr-hfttrk. Tliis being rotated at a 
Iiigh speed the eutterh remove th(‘ material 
rajiidly. 'riu* largiM of these are employed for 
planing Hat boards in ma' hinehof various designs. 
As tie y are olten as much as ft. w ide, tin* power 
re(juire(i i^ great' two to iiir(*e bors<'-power for 
a small nia' him'. lienee o.ne blocks are fitted 
with knives to anaiige spirally to give a sh<*aring 
rut, or Ole in detail, whieh less('ns th(‘ strain. 
Figs. 55 to 57 illu‘'tiate knives and Mocks. 

Idle knives and ( utti is \eed in v\ oo I -working 
maehiiK'ry are Miiimfimes scraping and .‘onu*- 
tinies tiue cutting too’s, ’jhic spire.l or sh(‘aring 
cut given III many <ases. as in metal-cutting 
tools, ensures sweet working. Plaiuu* knives and 
ino.ilding cutters are formed with a bevel, as 
seen in 55 and 56, and the cutting is done by the 
juiiefio’.i of the bevel with the Iront flat fa^'c, the 
latter leading, as shown in 57, v\hi<*h is an end 
view of a cylinder or eutti'i-bloik. In the milled 
cutters, or bits, the form is ini])arted by milling 
into the lace of the steel, instead of on the (nlge, 
and they are s>'t as indicated m 57 H, with the 
bevel the reverse way to (»rdinary cutters. In 
each eas<* there is some top rake given hy the 
setting on the eutter-blo 'k, as seen by the radial 
dotted line drawn in each exarnph'. Tlie milk'd 
bits are sharpened by grinding tlie b(*velli‘d fa^'e, 
w'liieh does not alter the' jirotile, nor does it reduce 
ihi‘ thickness of tlie cutters. 'Flic ordinary cutters 
are ground on tlu* back, and so get thinner ea di 
time. Tiie cutters in 57 A are held by tee- 
headed holts passing through slots into tee- 
groove's in the block : another method is Unit at 
lb where vee-elamps are made to embrace the 
Ih‘ veiled lalges of the eutter.s, and liold them 
firmly. 

rirt'ular cutters, whieh bear a certain resem- 
blanee to milling cutters for metal, are made with 
two or more tnlges. sha|K‘d to any profile which 
has to l>e moulded. Top rake is‘ given. A few 
set t ions are shown in 58 of cutters having ten 
cutting edges, on five t«‘th, which jierraits of 
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reversibility of rotation. There is practically no 
limit to the shapes which may be moulded. 
Grinding is done in the grooves between the 
(‘dges. 

Files. FiU'S are not true cutting tools. Tin' 
t(;eth faces are always set back sliglitly from the 
]KTpendicular [59 A, B— A being a hind-eut, B 
the same after sand blasting]. These tools are 
divisible into two main classes, the float or smjle- 
cut, and the doulde-cuf. In the first-named, V. 
the cuts an* made in one direction only, diagonally 
a'*ro.-is the file, so that the scraping action is con- 
tinuous right ncrois. In the second, 1), the lines 
cut across each other at cMfiniti* angles, and llie 
action is efl’ected hy multitude's of iKolaUxl points. 
Tne first -nami'd arc usi'd more for wood and for 
soft materials, tin* latter for metal. But for 
sharpening saws, sii gle-cut files arc oft(*n used, 
iH'ing an (“xeeption to the abovi* rule. 

Tin* teeth of files vary in size from the coarse 
to the fine, the t(*rmH being relative, since the 
<ours(‘ t(‘eth of one file do not correspond in pitch 
with the coarse t(‘(‘th of another of different 
k'ngdi. being regulated hy the size of the fib* 
iist'lf. The use of the rough file should always 
jireeedi' that of the finer ont's, in ord'‘r to 
economise time. \ ra^p cKt, E, is a file in vvliieli 
alternate points take the place of row's of tc'cth. 
It is us(*d only on comparativi'ly fragile materials, 
as w'ood, horn, cores, lireadf rusts, etc. 

By virtin* of the sectional forms of files they 
are able to produce numerouh outlines— fiats, 
curves, and ( omhinalions of the .same. Tne liK* 
Section is a counterpart of the sha)X' produced, 
souK'times absolutely, but often only ajiproxi- 
mately, hence tin* large nuinlx'r of"sha|H*s in 
which tiles o.'cur. There arc a’ out ,3,000 diffenuit 
fill's mad^*. if we incliid'^ all sizes made in all 
tyjx's. The importance of the file in some classes 
of work canrot Im* exaggerated, notwithstanding 
that its functions have been invaded largely by 
the work of machine tools. Tiie principal fife 
sections arc shown grouped in 60, according to 
their mutual relationships. The princij[ml longi- 
tudinal shapt's arc seen in 61. 

Sections of File*. In 60 wv have 
Boc'tions wliieh are relaU'd to the first in each row , 
the square, A. and the circle, P. A is termini a 
square file, B to D are ri'etangles, differently 
namini, according to proportions; the pillar B 
a thick file, the flat C thinner, the mill D thinner 
again, and the tmrding file E very thin, used by 
locksmiths and in fine fitting generally. These 
are eul on all four edges, excepting in the safe-edge 
files in which one edge is hfft smooth, which is 
often (onvenient. The ik*ctions F to J are those 
of flat files which have special names, according 
to the form of the edges ; F and G, with the 
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be\*eUcd edges, are reaper files. H and J 

are the topping files and the mill files respectively. 
Uvsed for sharpening and guUeting mill saws. 
The foregoing have }>arallel faces, but succeeding 
ones have not. These are the reaper file, K, the 
Irnife, L, both having the sections of truncated 
pvramids, the triangular or the three -i^piare, M, 
of equilateral section, and the cant file, N. Tuo 
triangles com hint'd, O, form the slitting or feat tier- 
edged file. 

A file of cylindrical section is tt'rmed the 
round. P ; succeeding figures show forms relattni 
to it. Q, semicircular in section, is a pit'*aw or 
jin me file, Ix'caust* used primarily by saw'Aci’s for 
gulleting and sharpmmg various saws; H. the 
half round is U*ss than a semicircle ; S, T, the 
cabinet files, are very flat half rounds, and U, 


The knife rea ;x r. B, has a handle forged on, instead 
of the tang usual in the files. If a file has much 
curvature it is beltied. C. Files that are termed 
tapered are bellied also, as the Hffuare file, D, 
and the triangular, F. E is the fxirallel three- 
square file. Half-round and cognate forms are 
also tajx'ied or iK'Uiwi, (J, and })arallel, H : so 
are the round st'ctions, the rat tail, J, a tapered 
form, and the jtarnUei, K. L is a file or rasp us<‘d 
by cabinet-makers, and termml a riffler. It 
is handh'd in the middle. The forms of rasps 
follou nearly those of filtw. 

Grinding Wheels. These include natural 
or artificial grindstones, and whei'ls of emery, 
corumlum. or carborundum, etc. Tlu' action of 
each |)article is incisive though minute, and the 
total action is similar to that of the cutting tools 
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having its fad's of (►pposite but unequal eurva- 
ture.s, Ls a cioHning file ; and one with equal 
< urvaturt's, V, is a tumbler file. 

Longitudinal Forms of Files. Other 
terms are those denv(*d from the longitudinal 
outlim's of files. In the group 61, \ is a 
fjnrallel or blunt fil<‘. But it is not fK'rfectly 
parallel, to ^ihich form the term dextd parallel 
is applied, the blank for which is produced 
hy macliining. Alisolute truth is, however, not 
very necossar}" in a file, since results di'fiend 
greatly on how' it is manipulated, and if very 
accurate resulta are desired iniy must be produced 
by scraping. What is termed an equalling 
file is one that has a very slight amount of longi> 
tudinal curvature. The reaper files are parallel. 


in regard to the (pianlity of material removed 
and the accuracy of resulls Tin* grains in w het Is 
of <-merv and allieil Huljstiinccs arc ccrneriU d in 
various ways, so that the c<*mcrit do<*s not dm 
solve in wat<T, and the wheels are moiildj'd and 
jiressed into numerous Hha|H‘S and consolnbited 
so effeelually that th(*y run safely at surfaee 
HjK-eds of fi.fKK) ft. per minute'. Thc^ action of 
an emery wheel has Iiecn likened to that of a 
file a mile long mov('d over that distance in n 
minute. H“nce, though eaeh grain remove's m 
merely infinitesimal quantity of material, tin* total 
n*sults are such as to <ome into rivalry with 
those produced by the ordinary cutting tools. 

The forms in which wheels are chiefly used 
are the disc, operating by the periphery, and the 
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rwp, by the edge, and each in several nmdifica- 
tions and in a large range of dimensions. Wheels 
are used wet or cSy. 

Work Suitable for Grinding. Grind- 
ing whec*ls eannot be relied on to produce 
accurate profiles on repetition work, like form- 
milling cutters ; but there are nevertheless 
a numlxT of j)rofilod shapes which are used 
for various straight and curved portions, 
e 8 pt‘cially in tool grinding opcTations, where the 
change in form is not sufficient to affect the 
results, Tli(‘ plain disc wheel shape, 62 A. is 
us<»d more than any other ; the profiled types 
include those of bevelled forms, B, 0 , and D, 
employed for work w'herc the square cnigos of A 
could not be got in confined situations. Those 
are used especially for cutter and saw Hharp<*ning. 
Curved outlines, E and P, arc also used ext^n- 
Biv(‘ly, The sectional app<‘arance of a disc 
wheel is indicated at G, showing the central 
bushing of lead. Wheels of this type may lie 
S( veral inches w'ide, or as thin as in., and vary 
in cliamettT from several feet to a fraction of an 
inch, in the tiny hush grinding rolls. Recessing, 
H, is often done in order to grind up to shoulders 
on cylindrical w >rk, without fouling. Whe^‘l« 
are dished also, il, to overhang their sjiindles in- 
wards, and so to lie more in lin<‘ with the bearing 
of the spindle, a ]K)int which tends to obviate 
vibration. The same result is attained by dish- 
ing the wheel discs, os at K, which shows the 
end of a grinding In^ad for a universal nuK'hine. 
Otlier dishings, L and M, are made to enable the 
wheel to reach out and o|H‘rate on nairow edg(*s 
of milling cutters, etc., grinding with the faces. 
This lea(ls up to the cup wheels, X and O. which 
also grind by their narrow faces, the idea lieing 
that the sjH'od of the w heel remains constant until 
It is worn out, whereas in the disc types, binding 
by th(*ir edge's, the diameter is constantly being 
reduced, and the speed of the wheel must be in- 
creased accordingly to obtain the propc'r efficienc^y. 

Shearing Toole and Shearing Action, 
When two cutting blades are placed in oppo- 
sition so that the face of one is in the same 
plane as the face of the other, the method of 
Bovorance is U^rmod shearing [68 A]. Tito action 
is a truly cutting one, althougli the tool angles 
may bo very thick, or from 80*^ to 80 . 
The action of the common scissors is identical, 
though the cutting angles are much less. The 
coincidence of the faces is essciitittl to shearing, 
because if they w’cre not, the material would 1 h* 
bent instead of cut, due to the lack of adequate 
support, as indicated at B. In the wire nippers, 
and in nippt^rs for thin sheet metAl, the cutting 
edges are in the same plane but do not pass each 
other, C. Strictly those are not shears, but 
chisels used in a particular way. 

In the work of the engineer's boiler and plating 
shops, in bridge and girder construction, in the 
sheet metal work of the tinsmith and copper- 
smith, the shears in some form or another are in 
constcmt use. An inch thickness of steel is 
severed as readily as a tin plate, and as rapidly. 
It is only a question of strength and temper oi 
blades, and stiffness of machines. The only 
alternative is the saw, either hot or cold. 
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The Shearing Cut. A shearing cut is not 
necessarily the same thing as cutting by shears. 
It signifies a cut taken in detail — that is, the 
act of severance does not occur along the entire 
('dge of the tool simultaneously, but gradually 
from one end to the other, D, which indicates 
the longitudinal position of shear blades. Most 
shears for heavy metalwork embody this action. 
It takes place in the common scissors. Its 
importance can hardly be overrated. Some 
operations would not m practicable without it. 
Familiar instances are the shearing of thick plates 
of several feet in width, the cutting of profiled 
foj ms with diagonal edged form tools operated 
in the cross-slide of a turret lathe, the spiral 
t^'cih on wide milling cutters, the action of the 
Fox trimmer for woodworking, the skewing of 
the iron of a rebate plane, and that of many 
roughing tools for metal-tuming and planing. 
Even in the plane there is a shearing cut. 
The slight convexity imparted to the edge is a 
true example of this kin^ and the difference irf 
the quantity of material removed by a well- 
round(‘d jack plane iron and a straight trying 
plane iron is well known in the economies of 
roughing down. 

Detruaive TooU. Practically these are 
restricted to the punches, though shears are os 
truly detrusive in action as the punches are. 
In fact, if we consider a punch as a shear blade 
in cylindrical form, the analogy is perfect, for 
the punch is tap<'red upwards to give clearance. 
And if a spiral punch [68 E] is taken and supposed 
to Ik* unrolled, we have a shear blade with a 
shearing cut. Fig. 64 shows the common 
pimch, A, in the ai’t of penetrating a plate. It 
has no front rake, and therefore the operation 
is absolutely detrusive, whereas in the spiral 
punch [68 E] there is a true shearing cut. The 
stress of pimcliing is very severe, the metal of 
the burr or punching being partly squcez<Ki int(» 
the mass surrounding. Support is necessary, 
which is afforded by the bolster, B, the hole in 
which is only very slightly larger than the 
punch for precisely similar reasons stated in 
connection with A and B, in 68. The taper of 
the punch upwards is its clearance, to prevent 
sticking in the hole, and to help the severance, 
and the taper downwards in B gives freedom of 
(*scapt* for the burr. 

Percussive Tools. These constitute a 
very large group which includes the hand hammers 
and mallets, the power hammers, and caulking 
tiH>l 8 . The hammers alone include some scores 
of distinct shapes, and most of them occur in 
numerous sizes. They may be classed b(*st 
according to the trades in which they are 
employed, as woodworkers, engineers, smiths, 
coppersmiths, tinsmiths, coopers, etc. To illus- 
trate these would occupy too much space, 
therefore a very few typiciU ones are shown. 

The obvious function of a hammer is to 
strike a blow, hence the reason of the leverage 
afforded by the handle, which is short when 
manipulate with one hand ; long when swrung 
by both hands. The size and wei^t of the heads 
vary also in hand hammers and dedge-hammers, 
but the shapes of the faces which terminate the 
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heacb i® determined by the character of the hanun^ blows. The smith’s fUtUtr is a hammer^ 
work to be done, as are also the proportions and only it is itself struck with a sledge-hammer, 

shapes longitudinally. Thus, hammers have So are the various fyUera and awagea, which 

flat faces— pine; or globular ends— mould metel into shape by percussive action. 
pine, or narrow convex ends. The cnulking tools of the plater, boilermaker, 

Hammers* The commonest hammers used and pipe layer are percussive, being struck by 
ly woodworkers are the Exeter [ 66 ] A, and hammer blows. And m are many other tools 

the joiners, B, the latter being commonly of which these are typical, 

employed by many trades, but in different pro- Moulding Toola* These include all 
portions of length to size of body. The narrow forms by which matermls of various kinds 

cross plane is of value for driving nails in narrow are shaped without cutting action. They are 

spaces. C to E are the typical en^necrs’ the most important tools used by the smith, 

hammers ; C the cross pane, D the atraight, or as the fullers, swages, flatters, and the dies. 

hng pane, and E the haU pane. They are often They also include nearly all the toob of the 

termed l>ench hammers, because used so much at moulder working in sand. Allied to these are 

the vice b(3nch. But machinbts and many other those of the modeller working in plaster, some 

metal-workers also use them. P to J are the of those of the plasterer, mason, and slater, 

t 3 rpical sledqc -hammers, also straight, and cross and of the artist's modeller. 

TfHtne, F and G ; double faced, H ; and ball pane Fig. 67 illustrates the common trowda used by 

J. K to M are boilermakers’ hammers. They moulders and in other trades for smoothing over 

are narrow, to get into comers, their functions broad, flat surfaces ; A b the aqmre trowel, 

including riveting. Boilermakers also employ and B the heart shape. Fig. 68 shovb moulders’ 

the hammers C to J. N is a chisel -hammer used toob, A being a cleaner for smoothing sand deep 

percussively, and terni(3d a scaling hammer down where a trowel could not reach, vertical 

because used for chipping off the hard encrusted faces being smoothed by the blade a, and a 

sc'ale from the inside faces of the plates of steam flat horizontal face with the part b, B is a 

boilers. Many hammer** have very broad cleaner reaching down also into deep sides, 

faces for operating on large areas. To these . and bottoms ; C is a flange sleeker for smoothing 
belong the planishing hammers of the copper- the edges of deep flanges, two different curvatures 

smith, the flatters and set hammers of the smith being provided at opposite en^ of the tool, 

and boilermaker, the hammers of the gold- In 69, A and B are square comer sleekers for 

beaters ana the shoemaker. The huge power smoothing internal and external angles respoc- 

hammers have no rosorablance to the fore- tively. C is similar to A, but has one face 

going, the hammer itself l)eing absorbed in the curved to suit concave edges. D b a huUon 

machine. But both gravity and applied force or bacca^box sleeker. Ea^ of these toob is 

above the hammers are employed to render made in different sizes and modified forms, 

the blows eff(*ctiv’'('. Also the speed of operation But all alike are moulding toob, working in 

in the small ty)>es far exceeds tnat of the human sand, 

hand. And when with the hammer there is Tools Operating by Lewersuie* Be- 
combined the matrix or die the results leave sides toob already mentioned, in many of 

hand labour far Ixdiind. which leverage comes into play, there b a group 

Mallets. The mallets are hammers of which operate as levers pure and simple. To 

wood Tht*y have resemblances to the steel this class belongs the common brace or stock 

hammers in length of handle — short for bench Iw which the wood-bormg toob are rotated, 

use, and long for swinging, two-handed blows. TOe forms of these have been very much im- 

Th<3y are used where metal w’ould bruise the proved of late years. The pretty wooden brace, 

face of the material. For the same reason a century old, has had to give place largely 

engineers have hammers made of lead, and of to others of metal which will do what the wo: 

copper, for hammering on polished surfaces brace cannot, namely, work in confined si tuati ^ 

without leaving marks. by means of a double-acting racket ; and s 

Centre Punches, etc. There is another will bore in angxflar positions. The refinen 

class of percussive tool — the centre punch of ball bearings also inserted in the handle, 

[ 66 ] A, by w'hich centres are popped in work head, and the tool grip avoids the friction a! 

for chucking by, and by which the course separable from the old type. The tap wrenches, 
of scribed lines is indicated more clearly and or double-armed levers by which screw taps 
permanently than is possible by scribed lines arc operated, belong to this group. These occur 

alone. B shows a special adaptation of a in many varieties, including the solid hole kinds, 

centre punch, in which centres for rivet holes and those which combine provision for clamping 

are being stamped on a plate, 6, through holes the tap shanks firmly in the body. Pincers, 

already drilled or punched in cm upper plate, a, pliers, and pipe temgs form another group of 

wdth which holes the centres will be true. levers. The pincers are too well known to need 

Among detrusive toob must classed the description, but it may be pointed out that 
drifts [ 66 , C. D] used for enlarging holes that those with the flattish ends pull a nail out better 

have been punched, hence their bellied and than those with very convex ends. The pipe 

tapered forms. Another detrusive tool is the tongs are roughened cv sermted in the jaws to 

amtp, E, bv which the taib of rivets are neatly grip the outsiaeB of iron and steel piping. The 

flniwed, following the turning over, to be done by spanners form another group. 

Continued 
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THE age at which the clerk enters the service 
* of a bank varies somewhat — ranging gener- 
ally from 15 to 19 years. As the duties first 
entrusted to a junior usually include the collec- 
tion of cheques and other documents, it is 
desirable that he should possess sufficient 
physical strength and mental acti\ity to pre- 
vent his being easily robbed of his valuable 
burden ; in large centres the ago of entry is 
consequently higher than in the country districts. 
An examination is usually undergone by the 
candidate for admission, but, except in special 
cases, this presents no difficulty to anyone of 
average intelligence. English banks doing bus]* 
ness in foreign countries ©r in the (’olonies 
recruit their staff from those of institutions 
doing an exclusively home business, being spared, 
by so doing, the trouble of tutorship. The r.go 
of entry in such banks is higher, but in nearly 
every case a limit— usually of 21 years — is in 
force. In such banks the staff is generally 
divided into two distinct classes— the home 
and the foreign staff, the members of th<‘ latter, 
after a certain jieriod, proewding abroad to take 
up their duties there. 

Salaries. The salaries obtained abroad are, 
as a nile, higher than those in this country, but 
the seeming a<l vantage may be greatly dis* 
counted by the increased cost of living and the 
danger to health ^hich is probably incurred. 
Ah regards salaries in this country, the scheme 
on \^hich they are based may be eitluT a graded 
or a noii’graded one. In the former case, when 
the clerk is given a certain rank, say, of junior 
(‘ashier (cashier at a small branch), he will at oium* 
receive the minimum salary attached to su(‘h 
rank, rising by stated increments until he 
reaches the maximum applicable, at which h(» 
remains until ])romoted to a higher grade. 'Fhe 
salaries, if the second method is in vogue, are 
not determined by the exact rank held by the 
individual officer. 

Training of Juniora. The clerk at the 
outset may enter on a terra of probation, at 
the conclusion of v^ hich, if his abilities are deemed 
satisfactory, he is placed on the permanent staff. 
It is not at all desirable that anyone should receive 
his early banking experience in a very’ large or 
even a moderately large office. In such a cose he 
will be immediately set upon some routine task, 
the monotony of which will only be broken by 
a removal to another department, there to per- 
form work of a similar nature. It will thert*- 
fore be with great difficulty that he will gain any 
knowledge of the business as a whole, and, should 
he be a person of only moderate ability, or some- 
what lethargic, the result will be a state of 

X ttable ignorance. A comparatively small 
, doing, however, a varied business, w hose 


wnior officials have both the time and the 
inclination to instruct the newTomer, is best 
suited for t ho purpose. The junior will, in such a 
cfwe, perform in turn all the office duties, and 
wall, through the occasional absence of his 
seniors, have a good intrcnluction to the respon- 
sibilities of the profession in which he is twigaged. 

WnIK Clerha. In enumerating the divi- 
sions into which the staff of a huge London 
bank fall, the first to be iHffern*d to are the 
walk rinks. The work t>f the clearing clerks 
has ahvady lietm referriKl to. and it is the 
documents which do not come within the clearing 
that are dealt v\ith by the vialk clerks. The 
whole of central London is raa}»p('d out by each 
bank into varifUis routes, each of them* Iwing 
termed a “walk.*’ The eheques on the bank 
offiees situated then* are ]>rcs(*nted for payment 
daily by the elcrk to whom it is given, the bills 
on firms within the aiva of the “ walk ” being 
also presimted by him lor aceeptanee or payment. 
Every morning the cheques and other doeumenls 
are listed under the headings of the offiees 
eon(*erned, and balan(*cd. On the el(*rk’H 
return ho at'counts for his collection by a mixture 
of ctish, chcqu(*s, or pavuient w'arrants drawn on 
clearing agents, and r(*tumf*d documents. 

Pats Book and Lodger Clerko. Ho 
may, however, be set to keep a ledger or the 
pass books r(‘lating to it. This marks a distinct 
step in res}Kmsibility. as, in posting tl,ie various 
items he will Ik* retpiired to s<'e that eiwh is in 
order — t.f., that tin* cheque is correctly drawn, 
endors<*d and dutcfl; Uiat the signature of the 
client is not a forgeuy ; and that the instructions 
regarding the tu’count arc iu>t exctH*d(‘d in any 
way. TlH»Me diilic's (or some of them) mny, 
however, be undertaken by the chief ledger ck’rk. 
The elii(*f l(*dger clerk may also chwk civch morning 
Jill the entries of the previous day; while tho 
cancelling by means «)f a perforating machine 
of paid vouchors, and the subHi*quent sorting, 
will probably be undertaken by tlio youngest 
junior. The cheque forms for sale W'ill be taken 
<*harge of either by an official in this d<*partment 
or by a caf-hier. 

The work in connection with .securities for 
custody or as cover for advances is usually 
performed by clerks of some expedience. The 
wHuirities lodged for safe ke<*ping ao not occasion 
much trouble, but great care requires to be exer- 
cised with regard to documents held as cover in 
offices where the amounts in nuestion are lar^c 
Mid the deliveries frequent. The loan lodger will 
usually be kept in the securities department. 

Bill Clerks. The junior, again, may be 
placed in the bill department, to which is usually 
given a place of greater importance than that 
dealing with ledger accounts. The bill having 
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been paused for discount by some resjwnsible 
official, the due date is found, the disooimt 
calCTilated and checked, the amounts, endorse- 
ments and stamp examined, the draft passed 
throufth the registers and the proceeds placed 
to the credit of the client. The posting of 
the discount ledger, the work attendant on bills 
received for collection, either from clients or 
other offices, the necessary advices to custo- 
mers of bills dishonoured (with, perhaps, other 
correspondence), the making up of bill retunxs 
and the renewal of opinions on names appearing 
therein, will all be seen to by this department. 

In foreign bills the amoimt is invariably 
payable so many days or months after sight. 
The due date in consequence cannot be 
ascertained until the draft has been remitted 
abroad and presented for accoptanoe, and no 
exact interest calculation can, therefore, be 
made. Bankers doali^ with such bills payable 
in a country using British money charge in lieu 
of interest a percentage on the bill amount — t.c., 
if their GO days’ sight rate is 2 per cent., the 
amoiant deducted from a bill for £350, at that 
currency, will be £7. The article dealing with 
long and short exchange sufficiently explai^ 
the procixluro with regard to a bill payable in 
a foreign currency. 

Correapondence ClerKa. The clerks 
engaged in correspondence have a better oppor- 
tunity of gaining a knowledge of the business 
in its different aspects than those in other 
departments, the greaajst disadvantages from 
the clerk’s point of view being the comparatively 
laic hour to which his dtitios extend, and the 
foot that lie is very much at the mercy of other 
departments, A knowledge of shorthand is 
usually not absolutely essential, the principal 
clerks in such a department being ex|i*cted to 
be able to draft a suitable communication on 
an indication of its nature being given. 

The youngest junior will Vx) placed in charge 
of the postage desk, while* the completion of 
printed forms (a large proportion of bank 
correspondeuoo being of this nature), the keeping 
and indexing of letter registers, the despatch 
and confirmation of telegrams and the filing of 
letters ret^eived when finally dealt with (the 
numbering of each lettc^r providing a check on 
their return from the otlier departments), claim 
his future attention until lie is judgt^d fitted to 
undertake the more responsible duties of cor- 
resjMmdenoe. In banks whose offices are widf»ly 
separated, duplicates of branch correspondence 
are despatched by the following mail, ninning 
numbers being also used. 

Code Telegrams and Cable#. In 
banks doing a large foreign or colonial 
business (invariably including a large class 
of transactions carried out by means of tele- 
graphic advice) a special stait of officials will 
bo entrusted with tne duty of coding and de- 
coding tho messages despatched and received. 
The codes used may be either public or private, 
check symbols being also used. The translation 
of a code telegram received is best verified by 
its being recodified by another official into 
whose hands tbe original telegram has not 
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come, the result arrived at by him, if no error 
exist^ agreeing with the original code message. 
Cablegrams despatched are also checked in a 
similar manner. Hie codes in use will be con- 
stantly added to through the need of symbols 
being required to represent the names of new 
clients, special transactions, etc. ; but if the 
transaction in question is not to be repeated, 
arrangements may be made on its completion 
to use the i^mbol again. All code telegrams 
received and despatched are confirmed and 
aclmowledged by first mail opportunity, the 
full translation of each being given. Work 
of this nature calls naturally for the greatest 
care and closest attention to detail on the 
art of the officers concerned, a clerical slip 
aving, perhaps, the most serious results. 

Not included in the foregoing classes are tbe 
waste book clerks, tbe officer or officers whose 
duty it is to post the general cash book and 
ledger, the clerk who may be solely engaged in 
chocking the bookke^i^ entries of the previous 
day, the official or officials who may be entirely 
occupied with opinion work, the messengers — a 
uniformed body of officials regarded as quite 
apart from the clerical staff, and so on. 

Cashiers. In an ordinary branch, an 
appointment to the rank of cashier entails a 
distinct promotion. In large offices, the cashiers, 
or the majority of them, will generally be junk/r 
to the principal clerks in the various depart- 
ments ; but in branch offices in which the 
duties of such clerks are imdertaken by one 
official— the accountant — the cashier or cashiers 
are placed between this officer and tho rest of 
the staff, the members of which '•orrespond to 
the junior officials in the head office departments. 
It is essential that a cashier should be possessed 
of good address and appearance, and be able 
to (lespatc h the business of the bank’s clients 
with the least possible delay. Each cashier is 
responsible for the balance shown by him in 
his cash book (the ac'tual amount on hand being 
frequently checked by a senior officer), an allow- 
ance against possible loss being probably made 

Daily Balancing. The cashier is not 
allowed (with the view to the prevention of 
fraud) to deal with any book other than his own 
cash book, and, in consequence, if he is a quick 
and accurate worker, he will always )yc the 
first of the staff to complete his day's duties, 
for, if no error has been made, the agreement of 
the balance shown in his book with the cash 
actually on hand will present no difficulty. 
Any difference will arise through a mistake m 
the entries in tbe cash book or an error in the 
intromissions with the cash. Tbe first is bound 
to be discovered on comparison with the relative 
waste books, registers, etc. ; and with regard 
to the latter the cashier will invariably discover 
an error relating to any documents or bank 
notes (if the numbers of the latter are recorded) ; 
but the payment of ten sovereigns instead of 
five is not so easily discovered and remedied. 

A cheque left K>r payment by a walk clerk, 
the signature on which has been cancelled by the 
cashier, will be accepted by the former as unpaid 
on his returning for payment, if marked imd 



mitidled by the cashier “ Cancelied in error.** 
To cancel the sigi^ure on a Wtt, however, 
precltidea the possibility of the d^aft beLig 
returned ; while the presenting bank may 
refase to aUow a cheqae beiuing a foreign 
endorsement ‘to be so treated antiT sanctioned 
by its correspondent. The foregoing remarks 
apply also to documents received through the 
post or the clearing. 

The Accountant. The succeeding grade is 
that of accountant, who is responsible for the 
work of the office being duly carried on, and 
who, in the absence of the manager, attends 
to the duties of the latter. An official on 
reaching this status Is almost invariably em- 
powered to sign on behalf of the bonk, so that no 
delay may occur in tlie completion of any draft 
or receipt should the manager l)e at tlie time 
engaged. The qualities requiixni in an accoun- 
tant are of a somewhat different nature to those 
most required by the cashiers and the manager. 
A clerk whose capacity in carrying through and 
arranging the routine work of the office is 
admirable and whose grasp of the business is 
very good, but who is somewliat deficient in 
adefross if called upon to iitlcrview a client, or 
who cannot, through some unfortunate cause, 
occupy the position which, apart from his office 
duties, a branch manager is expected to main- 
tain, will be Ijetter fitted to be an accountant 
at a large office than a manager of a small one. 

The Manager. In all branches the final 
position is that of manager, the official attaining 
this rank receiving promotion afterwards in the 
shape of a transhu- to a more important office. 
The principal duly of the manager is tht* con- 
tinual receiving of th<‘ banks clients, in the 
course of which he will have opportunity for the 
exercise of tact, if, for instance, he wishes to 
retain the custom of a client whose overdraft 
tlu‘ head office desires to see reduced. His obser- 
vation should be keen and his deductive powers 
good. The success attained by the munivger 
deptmds on the case with nliich he can adapt 
luraself to the various individuals with whom he 
comes in contact ; ufion the intcTest he can 
naturally feel and show in their affairs ; and upon 
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the degree in which he poBaessea an intuitive 
insight into character; a temper not easily 
ruffled, a quick and ready decision, and a mind 
unprejucyc^ in business by personal feeling. 
The ability to take a cloar-iioaded view of the 
future of a doubtful debt and the resolution to 
act accordingly, even to the extent of the drastic 
step of stopping the account, are not too common. 
To discover Iwrrowers (of a kind) requin‘8 no 
exertion, but the attraction of deposits i-* a 
different matter, and tlie manager may spend a 
long period bi*fore forming connections leading 
to an increase in this class of business. The 
manngt»r*s responsibility may Ik* rt*8triet<*(i eitlier 
as ix'gaitls the total business or ea<'h particular 
item by a linn'/ lH*ing tixed by the head offi(‘c. 

Arrangement of the Office. I'hc 
banking hall, or general office, should, if the 
building is of moiv than one storey, l>e on the 
ground floor, the rooms above, if possibk*. Ix'ing 
(K*eupi(Hl by those memlHUs of tlu^ staff ^.hos^' 
duties do not bring them directly into contact 
uith the public The windows, if the oflicc* is 
not roof-light(‘d, are usually found at the side 
of tile room, with the desks at right angles to 
this wall. 

The counter desks will Ik^ occupied paitly bv 
the cashiers, and ])artly by officials from thi* bill 
and other dejpart meats, to enable clients having 
busiiK'HS dealt with by these to lx* attended to 
witli till* least possible (li'lay. lk*hind the cashiers 
the wasti* Ixiok and ledger keepers will hi* placed, 
the i>ther officials Ixung found behind the clerk 
uho represents them at the counter; wliile the 
correspondence department will lx* aeeiunmo- 
dated at the hock of the office. As many oftieiuls 
as ])ossibl(‘ should face the counter, the chances 
of th(*ft Ix'iiig theri'hy gn*tttly diminished, u hill* 
the* aeeoiintant should Tx* able from liis desk In 
survey the entire office. 

Institute of Bankers. The offi(*c of 
the Englisli Institute is at No. 34, Clement's 
Lane, from which forms for signature, syllubuscs, 
specimen examination pa]H*rH (a small chaTgc 
lK*ing math* for these), and all other necessary 
information may lx* obtained, and at wliieh a 
large library is available for the usi* of members. 
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0|>tli)iml. 

Eliffliah Institute, 
l^eliminary. 

l*(»Iitiral Economy, Practical Itaiikiag, Comnicrclal l.«w, 

French, liermari. 

.^i4. 

Arithmetic. Algebra, and IhHikkccping. 
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April. Various centres. 
English Institute. Final. 

Political Economy, Practical Itanking, ComtiKTclul Law, 
Commercial (Geography anil History. K<K>kk«**|iing. 

Arithmetic, Algebra, OH>graptq, KiigllMh ('omiMisUioii, liifok- 
keeping and Bank Bo(»ka. Excliatigc i.nd Clear inu Bouse 
System and Uules, Note <'irt*ulutK>ii, Interest and Charges, 
Negotiation of Bills and Cheques, Hlst<ir> ur d Present 
Position of Banking in Scotlaiuf. 

Principles of Political Ecoik my, Mtf»cks and Stock Exchange 

French, German. 

5«. 

April. Various centres. 


None. 

Scotch Institute. 


Nolle 

Associates. 

Harcli. Various centres. 

Scotch Institute. 


None. 

Members. 

March. Various centres. 

Scotch Institute. * 

Transactions, Histor>' and Present Position of Banking and | 
Currency, Theory and I’ractice ai Foreign Exchanges, Prlii- j 
ciples of Scotch Law and Cotiveyancing, Law of Bank- * 
ruptcy, Mercantile Law. Law of Bills, Cheques and Detiosit 

1 Receipts. Practical Banking iCurresiioiidence Branch ' 
Super^ion and Advancea}. 

French or (ieniian, British Histf>ry, British Government 


None. 

Honours. 

March. Various centres. 

and Constitution, English Literature, Outlines of General 
Hiatory 
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The subjects of examinaiion (open to members 
only) are giren in Schedule on preceding page. 
Certificates are granted to those passing the final 
examination, certain prizes are offered, and 
various banlm reward, either mon^pa 3 rment 
or otherwise, a successful candidate. Ilie annual 
subscription for a member is 10s. 6d., and a fee 
of 6s. is pajT-able on each occMion by anyone 
intimating his intention of sitting for examina- 
tion, the payment covering all subjects taken at 
the time. Such notice must be given not later 
than February 28th. 

It should be borne in mind that before any 
examination of the English Institute can be 
taken it is necessary that the intending candidate 
be elected a member of the Institute. 

The Scotch Institute. The principal 
centres of the Scotch Institute are at 2% Queen 
Street, Edinburgh, and at 218, St. Vincent Street, 
Glasgow, whore libraries are available for the use 
of members, associates, and intending candi- 
dates (on payment by the last of a fee). No fee 
is payable for examination nor is any subscription 
(ranging from Ss. 3d. to £1 Is.) due until the 
individual becomes either by election or exami- 
nation an associate vuember of the institute. 
The examinations take place at the end of 
March, Urn days’ notice being necessary, and 
various prizes and gratuities are offered by the 
institute and banks concerned. Ail needful 
information will be supplied by the Institute 
authorities. 

Bantlhig Abroad. In almost every new 
country there will be found a bank, established 
with British capital, whose head office is in this 
countiy, and whose inception was principally duo 
to the exchange business resulting from our 
shipping trade, but which also transacts a large 
heal business oversea. No attempt has been 
made to establish banks to carry on similar 
French or German business, although the great 
importance of Hamburg as a shipping centre has 
caused certain institutions to open a^nciefl 
there. Most of the larger Continental banks, 
other than those of State origin, possess, however, 
for the efficient transaction of excluinge business, 
a branch in London, and the number of such 
offices is l)eing steadily added to. A further 
extension of this practice is, in some instances, 
carried out by the establishment and maintenance 
of offices in all the principal Continental centres, 
and even in those still more remote. The principle 
of State banking possesses abroad a greater vo^e 
than in this country, tho principal banks in both 
Franco and Germany, for instance, being of this 
nature. 

The banking business carried on in the United 
States is greatly affected by the regulations in 
force, which ore too compuoatod to be dealt 
with here. In no other countiy has legislation 
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regarding bankii^ and correnoy been so jMrolific 
as in the United Stotes, and the present arrange- 
ment probably does not constitute finality in 
the matter. 

London Bill Brokers. Reference has 
previously been made to the London bill brokers, 
but one or two important points in connection 
with their method of business have been left un- 
touched. Their funds are wholly composed of 
deposits at interest, the rate allowed by them 
being greater than that of the joint-stock banks. 
The mai^gin of profit obtained is, in consequence, 
small, and, owing to periodical fiuctuations in the 
rate of interest, is liable to entirely efisappear, 
although the trend of interest rates m^, of course, 
result in an unexpected increase. Ibe brokers 
keep practically no reserve. The rates obtained 
by banks on the emplo3nnent, with bill brokers 
and others, of funds for which no use can at the 
moment be found, or which it is desired to keep 
liquid, have a considerable influence on the profits 
of the banks. A large proportion of the bank’s 
deposits — its current accounts — are obtained at 
what is practically an unchanging rate — the 
expense of working, no interest being paid by 
the bank. If money is a glut on the London 
market, the employment of surplus funds may 
l>e attended writh loss ; but if a tightness is 
in evidence, a large margin of profit will bo 
earned. 

Future of Banking. Banking may be 
said to have, in a certain sense, very probably no 
future, for history is, after all, but the record of 
the repair of accident and error, and a Utopia 
has no need of a chronicler. The progress of 
banking in this country during the past few 
decades is one of steady and continued growth, 
and is almost entirely free from those startling 
incidents wliich lend a romantic attractiveness to 
its earlier story. Its wild oats have all been sown 
long ago ; it has now reached a vigorous man- 
hood ; but it is to be hoped that it will never, 
with the commerce and industry of the nation 
at large, descend in course of time to a decrepit 
and enfeebled old ago. 

Books Recommended. The practical 
details of banking business are somewhat 
neglected in the literature available, but the 
following list, which can be supplemented from 
that given in the Institute of inkers’ syllabus, 
may be studied with advantage : 

Clare’s “ A B C of the Fore^ Exchanges,” 3s. 

Clares “ Money Market Primer,” 5s. 

Moxon's ” English Practical Banking,'* 48. 6d. 

Rae's “ Country Banker,” 2 b. fid, 

Ba^hot’s ” Lombard Street,” 3s. fid. 

” Money and the Mechanism of Exchange ** 
(Jevons). 58. ; and parts of Gilbart’s ” Princi- 
ples and Practice of Banking,’* 10s. 

foUewed by Insurakcb 
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By H. G. ARCHER 


T 0 maintain the permanent way and works of 
^ a railway, an elaborate system of organisa* 
tion, together with a large staff of officers and 
vervftnts is required. The head of this organisation 
is the chief civil engineer. As a rule, the chief 
engineer is given a lieutenant, who is specially 
charged with the maintenance of way and works. 
Tlien comes a number of divisional engincMTs. 
The number of engineering divisions of a railway 
depends upon its size. For example, the London 
and North-Western, with 4,()00 single-line miles, 
has eight, and the London and South-Western, 
uith 1,700 single-line miles, three. 

Inspectors and Gangers. Each, division 
is subdivided into so many chief inspectors’ 
districts, and each chief inspec-tor has under him 
four or five sub-inspectors. Inspectors’ wages 
are from 78. Od. to 10s. 6d. per da>. Each sub- 
inspector takes from 20 to 50 miles of single 
track, or about half that 
number of miles in terri- 
tory. Below the sub- 
inspectors are the fore- 
men gangers, who earn 
from 4s. Od, to Os. (ki. 
per day. A foreman’s 
length averages two 
miles on a double tra<'k, 
or about four miles on a 
single. Below the fore- 
men, again, come the 
[ilatela^ers, or surfac'c 
men (wages 38. to 4s. Od. 
j)cr day), the number of 
whom in a gang varies 
according to the density 
of the traffic, and the 
consequent wear and 
tear of the permanent way, or the numl)er of 
junctions and sidings which have to be main- 
tained. It stands to reason that the gangs’ lengths, 
say, l)etween Waterloo and Clapbam Junction, 
have to be far more strongly manned than those* 
of remote single-line branches. However, it is 
estimated that, as a general rule, one man 
[>er single line mile ought to suffice. The foreman 
and platelayers patrol it at least once a d^ to 
ensure that everything is in perfect order. They 
have to see to the condition of the joints, gauge, 
or horizontal alignment of the track, general 
condition of running surface of rails, and security 
of all keys, spikes, screws, etc. 

Most careful attention must be paid to the 
spacing of rail joints. Directly spacing is found 
to be wrong, steps must be taken at once to 
adjust the rails. Inspectors, foremen, and 
gangers are supplied with spacing gauges. The 
spaces per joint, with rails up to 30 ft. m length, 


are as follows : Hot (summer temperature), 
in. ; moderately cool, in. ; cold, J in. 

' ~WeaK Points of the TracK. Die rail 
joint is the weak point of the track—- tliat is, the 
place least likely to withstand strain. If joints 
be allo\u*d to cet vUit of vertical alignment, they 
play pitch and toss< with the wIuh'Is of a train. 
The correct horizontal alignment of the track is 
tested by gauging with special rods, ami the 
proper degree of super«*levation to be maintained 
by the outer rail on curves is ascertained in the 
same manner. PIat<‘layers [ 4 | set right, with 
the tools at theit disjiosal, all and sundry defwts 
which they chance to find in any of the 
for<*going. 

However, set ions exception is now- taken to 
the practice of entrusting platelayers with such 
a delicate matter as the adjustment of curves, 
wdiich arc originally laid out with mnthomaticnl 
precision, under skilh'd 
supervision. As in 
America, there ought to 
Ihj a specially trained 
Htaff for the purpose, 
and WT b<‘licve that one 
English company— the 
fireat VVVst<*rn — is 
almut to establish such 
a staff. Ne\'ert hellos, 
adjustment of eurves, 
as conducted' by plate- 
layers, is not rule of 
thumb work. Every 
company issues a table 
setting forth the dcgrt*e 
of superelevation in 
inches to l)e obwrved on 
curves of different radii. 
Duties of Platelayers, Foremen, and 
Inepectors. Further, platelayers have U* 
move and repack the ballast, so that it may not 
concrete on the surfiwe and hold water, to ml and 
clean the working parts of points and signals, 
and to ktH‘p in thorough n pairall hedges, fences, 
slopes, drains, and “ eeMses ” or footpaths. It 
stands to reason that t)ie responsibilities of 
railway com panics os regards fences and hedges 
are very lieavy. Lastly, the plaU^layers have 
also to report anything they may detect amiss 
with the telegraph wir(*s, signals, passing trains, 
bridges, culverts, notice - Isiards, quarter- mile 
posU, etc. The platelayer, of course, is an 
unskilled workman— a racTc laliourer, to liegin 
with, and he learns his duties from a foreman. 
A man washing to liecome a platelayer must lie not 
less than 18 and not more than 35 years of age 
(which is the general rule with all railway com- 
panies in respect of ordinary Jalxiur) ; he must 
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be able to read and write, and poseese sound 
health, lliere is also an eyesight test, but this 
is not of so stringent a character as with some 
other departments of railway employment. 
What are known as “ half normal vision,” m 
regards distance, and ** defective colour vision, 
form the standard. On the whole, platelayers 
are a rather floating population. Many men 
stay in a company’s service as such for only a 
few months at a time, then go off to join a con- 
tractor or another company, or perhaps to 
Ijeoomc ordinary labourers, and eventually 
return to put in another period of service with 
their original employers. A large number of 
platelayers is recruited from the employees of 
the contractors engaged in constructing a new 
railway — that is to say, the men who laid the 
line originally are taken over by the company 
en masf/e to maintain it. 

Promotion for Platelayers. A platelayer 
ran rise the rank of foreman, inspector, and 
cliiof inspector, but any post higher than the 



5 INTEUTOU OF INSPECTIOK COACH AT REAR 
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HhoM iiig Heatb for exainiiiing committee 


last-named he seldom attains, for educational 
reasons. Promotion rests entirely at the dis- 
cretion of the company, and is ju^ed by merit 
alone. The foreman, dr ganger, is responsible for 
the work of a gong to his inspector, the inspector 
to his chief inspector, and the latter to the dis- 
trict engineer. By the way, among the younger 
sehool of railwnymen, great objection is 
evinced towards the old railway term 
“ ganger,” They swm to think it earfies some 
reproach, suggests the idea of gangs in chains. 
Some companies are meeting the objection by 
calling the overseers foremen instead. Besides 
the platelayers and gangers who carry out all 
ordinary repairs, and therefore are known as 

straight rood ” men, there ore travelling gangs 
of ballasting men, or ” pikers,” and relayers, who 
ore employed in renewing the permanent way, 
and executing alterations and additions, when 
they are often strengthened by local men. About 
five per cent, of the whole permanent way of a 
railway is renewed per annum. The refayers, 
etc., are under the charge of chief inspectors, 
and each chief inspector also has allotted to 
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him a oomplem^t of ar^fioers, maaona, brick- 
layers, carpenters, smiths, etc. (wages 6s. to fls. 
per day), with their foremen and inspect^ who 
are responsible for the repair of everything that 
constitutes the “ works ” of a railway as diseren- 
tiated from the permanent wajr. The sub- 
inspectors take charge of the relaying and repair- 
ing gang, when they get to work, ore res^nsible 
for the discipline, hours of lalxiur, and wages 
of every man temporarily or permanently em- 
ployed within their districts, and keep a record 
of all materials received and used. 

Relaying Precautions. Each gong of 
platelayers must be supplied by the inspector for 
the district with two red and two green flags, two 
hand signal-lamps, and a proper numW of 
detonators. Before a rail is taken out, or relay- 
ing operations are begun, or if from any cause 
the Ime is unsafe, a flagman must go back, 
exhibiting a danger signal, and place three deto- 
nators on the line, 10 yards apart, at a distance of 
not less than one mile from the obstruction. 
Before a rail is taken out, the platelayers must 
have at the spot a perfect rail in readiness to 
replace it. In lifting the permanent way, no lift 
must be greater than 3 in. at once, and then it 
must be effected in a length of at least 20 yd. 
When both rails have to be lifted they must be 
raised equally and at the same time, and the 
ascent must be made in the direction in which 
the trains run, great care being taken, where 
there is a curve, to preserve the superelevation 
of the outer rail. Where the necessity for trains 
to travel at a reduced speed continues for a 
lengthened period, detonators and hand caution 
signals are dispensed with. In substitution 
thereof a warning board [6] painted green must 
bo fixed in a legible position half a mile from 
the place to be protects. During the night one 
green and one white light are placed side by side 
on the warning board. When a lorry is run empty 
or used for conveying materials or men along 
the track, it must be taken in the same direc- 
tion as the trains run, and followed at a distance 
of three-quarters of a mile with hand danger 
signals and detonators. On a single line Uie 
lorry must be protected in both directions, and 
in going through a tunnel it is signalled on the 
block instruments like an ordinary train. When 
not in use, tlie lorry must be taken off the rails, 
placed well clear of the line, and the wheels 
secured with chain and padlock. 

Expert Scrutiny of the Permanent 
Way. Periodical inspections are made by the 
divisional engineers, the 
^ chief engineer, the gene- 

TT ral manager, and even 

the directors, to ensure 
that all the work is 
being properly per- 
formed. and a uniform 
standard of mainten- 
-L-L..-" ance observed through- 

6. WAWONO BOABD out the raUw^jr. Nwer- 
thelesB, there is nothing 
definite about these periodical iniqiectioiiB by the 
higher officials, as is the case with Indian rail- 
way's, where a divisiona] engineer has to certify 


tliat he haa in- 
iqpeeted evtifv 
mik of track 
covered by hk 
district at certain 
intervals. 

Again, some of 
oar readers may 
have noted pass- 
ing references in 
the English nevrs- 
papeis to the 
mnd held-da^s 
held by the prin- 
cipal railway companies of the United States 
for the purpose of insp^ting the condition 
of the track and everything pertaining to it. 
The chief officers of the New York Centiol and 
Pennsylvania Companies spend annually two or 
three weeks travelling over their road in a special 
train, on which they live, eat, and sleep while 
the examination is being conducted. At die rear 
of the tram is a laige observation car, with seats 
arranged in tiers, for the accommodation of 
the various examining committees, whose duties 
are to scrutinise the condition of the permanent 
way, bridges, signals, stations, etc., and pro- 
noimce an opinion upon the general condition 
of the running surface of the rails. In the latter 
case, such a test as brimful glasses of water, 
which, of course, will spill over if the slightest 
oscillation be experience, is applied. For the 
purpose of comparison, the whole extent of the 
line is marked out into the respective gangers* 
lengths, and the examiners keep scores testifying 
to the condition in which they End each. 
Premiums are awarded to the inspectors of, and 
every man employed in, the prize sections. 

There is more in the system than meets the 
eye. The principal object in view is to bring 
down the unit of expenditure as regards the cost 
of maintenance and renewal to incfividualH — not 
highly-placed individuals, such as the district 
engineers, but the in8p<*ctor8 of districts, and 
even the gangers, who are entrusU^ with the 
care of only a few miles of the road. It is 

are the m.''i uho really 

hold the purse-strings, 
hence it i^ould be a 
great thing to find out 
what they are giving 
for their money, and 
compare the different 
results. With the 
customary method of 
keeping accounts it is 
practically impossible 
to arrive at the details 
o f expenditure o n 
permanent way. 

Premium Award 
System. The London 
and South - Western 
Railway has furnished 
the first instance of a 
Britisb railway com- 
pany adopting the 
American system of 


track impaction, with the view of splitting up 
and dkcddng the expenditure that falls under 
this head, mid at the same time trying to obtain 
better results for the same or less money. The 
system l^ds itself to raising the standard of 
efficiency from the highest to the humblest ranks 
of the army of men entrusted with the main- 
tenance of the permanent way. 

There is only one way to make the men at the 
bottom understand that better things are expected 
of them— convince them that their work is 
going to bo individually examined and compared 
every year by the head officials. There is only 
one way to make them turn out better w'ork than 
previously — namely, by instilling I hem with a now 
spirit of emulation, and encouraging them with 
the offer of money and other prizes. 

A Common Factor of Roaponaibillty, 
Everybody’s responsibility is reduced to a 
common basis by charging him with the equiva- 
lent single-line mileage he has to maintain. He 
has so many running miles under him, uieluding 
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miles of sidings, of which two miles are estimaU^ 
equal to one mile of running line, and ho is 
allowed U) reckon one imlo of running lino for 
every fifteen pairs of switches. 

The chief engineer’s road-l)Ot)k is arranged in 
consecutive order of inspectors’ JMJctions, an 
follows ; (1) geographical beginning and ending 
of the section ; (2) sub-division of running lines- 
that is, mileage of singU*, double, triple, or quad- 
ruple track ; (3) total in single line miles ; (4) 
total length of sidings ; (5) numlier of switch^ ; 
(6) total equivalent of switches in single-line 
miles. Next come partieulai s as to the maiming : 

(1) names of the foremen, and their rates of pay ; 

(2) number of men under each fort^man, and 
their rates of pay ; (3) total equivalent single- 
line mileage divide by the bital number of men 
in gang, which produces the ratio of manning 
per single-Une mile. It will therefore be seen 
that for comparative purposes the unit of 
expenditure is brought dewu to the inspector 
of a section. What is yet wanted is to bring 
it down to Foreman Smith or Brown, but that 
is still some w^ ahead. 

A British Tract! lanpactira. The track 
inspectum oooopies abDnt eight days, spread over 
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realised that the latter 
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A montb or fix iradM Id the ipriog. Tbe 
ime can be munined only cm Snndays. Three 
eXAminiog oonmutteee are formed m foUowa: 
CUaa A, for oonditicm of jointa, al i gn ment of 
trade, Ad^ general condition of running aunaoe 
0 f rails ; Cbu» B, for condition of ba ll a s ti ng ; 
Caass C, for general appearance of all woika, in- 
cluding he^es, fenoes, stopes, drains, “ oesaes ” or 


footpaths, notioe-bcMttds, and quarto-mile posts. 

Toe system of premium awards instituted by 
the London and South-Western Railway offers 
a challenge oup and a money prize of £2 for the 
best inspector’s section, and a challenge cup for 
the ^Bt foreman’s length throughout the line. 
With the challenge cups go silver medals to keep. 
In each inspector’s section the foreman with the 
best length is awarded £1 and a bronze medal, 
while each man under the prize foreman receives 
10s. and a bronze medal. 

Tbe Method of MarKiog. Let us Bee 
how the awards are arrived at. The line is 
divided into the respective gangs’ lengths, and so 
many marks are allotted 
to each foreman under 
the three different 
classes by which his 
work is judged. Hius, 
in Class A, 200 marks 
represents perfection; in 
Olass B, 120 ; and in 
Class C, SO. But the 
methou of marking 
m iketi allowanoe for 
certain oorreoting fac- 
tors. It is manifestly to 
the advantage of a rail- 
way company to get 
the work efficiently 
done by as few men as 
possible, and, as already 
slated, it is calculated 
that a ratio ol one man 
jier single • line mile 
ought to suffice. There- 
fore, one mark is allowed for every hundredth of 
a man below one man per mile, and one mark 
is deducted for every hundredth of a man above 
the quota. The feeling among the men is that 
the of the road also ought to count foi 
someUiing. Hierefore it has been decided to 
i^ply another oorreoting factor in this respect. 
Ine average life of the road is assumed to be 
17 years. For each year over 17 years five 
marks are added to the score, and for each vear 
Mow two marks are deducted, the object of the 
discrepancy, of course, being to enooura^ men 
to take pains with seotkmt ol old road. Hie 
weak point of the system is that it has not ^t 
been found possible to i^ply other omreotinx 
factors in respect of density, weight, and Bfoea 
of the traffic passing over Uie different aecuona. 
Obviously, a man whose section carries, say, 
6,000 Ivalns per miluper year, is not ao bar^ 
hit for wear an4,4to as lus feUow whose^aeotion 

Further, the w«^t and spM of the tnuna in 
, qu ss t ianonghtatoo to be m ea su red. Thwfimns 
a good intUme<^wKere the tou-mBe itatialwe, 
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instead of brain-mile statistloe, would prove 
invahiable were they but availafale. 

The laepecikm Tralm* The in- 

spection train is made up thus : engme, inapeo- 
Uon car, '' restii^” saloon* refrahment saloon, 
inspection car. Tim inspeotaon caiii{f] are lonr- 
wheeled v^cles, so that all diooka hem the 
,road may be transfened to tiie body, and pro- 
vided with glass ends, so aa to fundah a dear 
look-out. Only the mapeotkm oar at the tail 
end of the train is uaed for examining. 

The interior of the inspection coach [5] is fittea 
up with two tiers of ohaim, arranged in two pi^. 
The examiners sit with their backs to the engine, 
and scrutinise the reoeding track. The com- 
mittee for the condition of joints, etc., occupy the 
seats in the front left-hand comer, am the 
committee on baUasting those in the front ri^t- 
hand comer, while the committee on the getmial 
appearanoe of all works sit in the back tier and 
lcK& over the heads of the two former. To 
ensure impartiality, no examiner is connected 
with the section he is 
examining. The oom- 
mitteeB, who usually 
consist of two members 
apieoe, are on duty for 
atx>ut an hour at a time, 
and at the exfaration of 
their turn the members 
leave the inspection oar 
for the resting” saloon, 
and their jfiaoes are 
taken by othecs. 

Inapectlng the 
Line. The inspector 
of each section is in the 
inspection car while it 
is passing anywhere 
over his own length. 
He has already marked 
out the various gangs’ 
lengths, by means of 
white paintiM crosses at 
and now has to stand 
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the side of the track, 
behind the examiners to answer questions and 
to give timely intimation of the chan^ from 
one guiger’s length to the next, nmntion^ each 
of his foremen by name. On taking their seats, 
the seoretaiy of the inspeotioii has banded to each 
member of the three ooaunittees the whole of 
the award cards 'vriiioh they will respective^ 
require for their turn of duty. Hie cards for 
each class are of different oolcNirs, and there is a 
separate card for each length. - On the 

face of the cards aie full partionlarA of each 
gang’s length, together with hslonoilioo eon- 
ceming the age of the road, wej^t of luib, etc., 
and at foot are spaces for the exanrinera* notes 
and awards. At die expiration of thehr turn of 
duty, the examiners reton their oaida to the 
aecretary. 

Smooonn of fbo Now ffiaroiM TW 

results fumiahed by the new system ol tresk 
n Mq p ectk m , even at tins oari^ stage of its 
devdopment, have been of a moot gialifyiBg 
nature. Trueb eonm of the aUsr amn are hostile 
to the innovailon ; but, taken as a vHbde, the 



pennAaent w»y staff has realised thb importance 
a^ yahie of the new methods. There is no lack 
evideiioe that since the system was inaugurated 
a new qririt of efficient has impregnated all 
ranks, a^ the keenest rivalry may now be said 
to exist as to who shall earn the distinction of 
turning out the beet stretches of road. 

Running Sheda Staff. The headquarters 
of every individual connected with engines is 
one or other of the running sheds, or locomotive 
stables. It will be easilv understood that engines 
are distributed in no haphazard fashion over a 
railway ; on the contrary, each engine work« 
within some well^efined area, of which the base 
of operations— the place where it is cleaned, 
prepared for the road, washed out, and kept in 
repair— is a running shed. A number of British 
railways find it useful in locomotive operation 
to paint the shed number on each locomotive, 
a good practice, followed by the London and 
North-Western, being to use a small cnamclh d 
plate bearing the number of the shed in which 
the engine is stationed at the back of the roof of 
the cab. An older, but still much used method is 
to paint the name of the slied on the engine 
frame or on the lamps. The running department 
of a railway comprises several divisions, each of 
which is in charge of a district locomotive super- 
intendent, who is responsible to the chief locomo- 
tive or mechanical engineer. The office of a 
district locomotive superintendent is situated, as 
a rule, within the precincts of the principal 
ninning shed [ 9 ], from which he commands all 
other running sheds in his district. The regular 
staff of a running shed is distinct from engine- 
men proper — that is to say, it comprises a 
number of men and lads who are not passing 
through certain grades in order to attain foot- 
plate positions, although that ma}^ have becm 
their original intention. 

Skilled Workmen. The district locomo- 
tive superintendent's lieutenants arc a head 
l(K‘omotive foreman and several sub-foremen. 
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and also a very important officer in the foreman 
fitter, who is responsible that engines leave the 
shed mechanically sound. To the foreman fitter 
is allotted a staff of skilled workmen, in the 
persons of copper, brass, and boiler smiths, who 
exec'utc all ordinary repairs. The lioilor-amitiis 
are drawn from the most skilled artisans, as 
everything depends upon the efficient lightening 
up of tubes, hardening of stays, etc. The 
ranks of the less skilled labimr employed 
consist of tube-cleaners, boiler-washers, lighters- 
up, sand-driers, and coalmen, who are under 
assistant shed-foremen. Stationary engine- 
drivers are found at all important sheds in charge 
of engines pumping water and driving repairing 
machinery, and they, of course, represent another 
branch of skillod labour. It may be thought that 
by opening wnth some description of the regular 
sikff of a running shed we are putting the cart 
before the horse. However, the reason is that 
many railway companies rw’ruit for the fore- 
going phases of more or Joss skilled lalmur 
from enginemen who have failed to continue a 
footplate caretT owing to defiH’tive eyesight or 
inability to obtain a driver's ccrtihcat4', but 
some — notably the (Ircat (Vntral — ivilist the 
regular staff of a running shed independently ; 
men art‘ engaged os labourers, and work their 
w^ay up, or an* taken on at once as fully-qualified 
litUTS, smiths, mechanics, etc. In any cas<*, 
howevtT, men who break down on the fo()tplat4) 
are given better positions than labourers. It is 
customary to put them on sUitioriary engine 
work. 

Bar-boya And ClennerA. A l>oy wants 
to become an engine driver. How do(‘M he s(*t 
alx>ut it ? 

The lowest rung of the ladder is bar-lwiy [8|. 
rising U) cleaner, 'fhe duti s of a bar-boy are to 
creep through the fire-hole door of an engine, with 
a torch lamp, ste<d broom, scTapi^r, and fire-bar 
lifter, to arrange the fire-bars, and to clean the 
bars, brick arch, roof stays, and tube ends of 
chnkers and ashes. However, many companit^s 
no longer employ lads under 18 years of age as 
bar- boys, since faotoi^ l^^laiion prohibits them 
from being ensaged in night work. In such cir- 
oumstanoes, the youths of smaller stature who 
enlist os cleaners begin with bar work. When 

? enuine bar- boys are employed, the age limit is 
5, but candidates seldom have to pass a medical 
examination or eyesight test. When a bar-boy 




15 old eooiu^ to be promoted to cleaner, or, in 
Itbe caae moompanim which begin with older 
lads, a lad preaenta himaeif to be taken on aa 
cleaner, hia age, hei|^t, ph^a^ and optical 
fitneaa, and edacational proncieneT are taken 
into aerkraa conaidBratioiL General^ speaking, 
a cleaner mnat not be younger th^ 16, and 
not older than 21 ; he mtii^ be able to read 
and write ; he muat be phyaioally aonnd ; and 
he moat paaa one or other of the sta nd a r d ^e- 
sight testa for colour and distance with 
eyes, llie standard of height varies with different 
companies ; with some it is 6 ft 4 in., and a pro- 
mising b(^ a little below that heii^t not be 
rejected ; while others have a rigid rule — 
6 ft. 6 in. without boots. The duties of a cleaner 
are to clean an engine aa soon aa it returns to the 
shed [9], for which purpose he is supplied with oil, 
waste, and tallow. 

The Grooming of Engines, bometimes 
cleaners jlO] work in gangs of four, the senior of 
them being known asohargeman cleaner. In 
that caae, one tak^ the wheels and framing, 
another the motion, 
another the “ top ” 

(which includes every- 
thing above the foot- 
plate), and another the 
tendOT. It takes several 
hours to clean an 
engine, and it is just 
os easy o clean it the 
wrong way as it is to 
groom a horse the 
wrong way. The art of 
cleaning lies in not 
delaying the hot work, 
when the oil and grease 
can bo easily rubl^ off, 
to do the cold work. The 
general rule now is 
for passenger engines 
to have their own two 
cleaners, while some 
companies go farther 
ill an this and book certain cleaners, sometimes 
one, more often two, to every kind of engine. 
Young cleaners are first put on to tenders, and 
occasionally they are classified separately as 
tender-lads, from which they are promoted to 
cleaning shunting, goods, and passenger engines 
respectively. As a rule, the cleaner's job is 
piecework, and he is paid according to the class 
of engine on which he is emjMoyed. For 
examjfue, a half-crown is the ordinary scale of 
remuneration for cleaning a goods engine, while 
the work on an express engine is rewarded 
generally with 3s. 8d. In order to reduce labour, 
and consequently expenses, many companies 
give their shunting and goods engines a more 
sober livery than that of the passenger type. 
Should a cleaner dkoover any meohameal flaw, 
he must immediately report the same to the 
foreman cleaner, and some omnpanies stimulate 
vkikuioe on the part at the cleaners by 
offering suitable nferarda The satisfactory com- 
pfetkm of a cleaner's job is osrtified by the lore- 
man (A sanar of a abed. The foreman has a card. 


A cleaner's 
ny matter ; 
ly a question 
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tm which he ticks off each engme that na mes hk 
aer utm y. A cleaner is not imowed to leave the 
died until the foreman has g i ven him a pM, 
vdiieh testifies that be has deanod hk engine 
properly. 

Promotion from Clonnom* 

length of service is mtirely a oomi 
with some compiles it ia purd^ 
of traffic exigenoiea — ^that is to say, if oosineBs 
be slack, a pasa-cleaner will Imve to wait 
until it revives before being prmnoted to the 
footplate ; while if buamess be extraordinarily 
brii^ a really promiamg youth may be pro- 
moted after cleaning for only twelve m<mth8. 
In ordinary dreumstaaoes, however, we 
should say that the average length of ser- 
vitude aa cleaner is three or four years, 
that very few oases of promotion occur till 
a lad has served IS montha, and that most 
companies are averse to promoting cleaners 
under 19 years of age, or until th^ have 
served two years, by which time they are 
expected to be pass-cleaners. 

Then, the rank to 
which a cleaner is 
promoted is not always 
the same. A few com- 
panies advance him to 
fitter's assistant, mean- 
ing appientioeship to a 
sJollaa mechanic feu* a 
period, during which he 
IS executing repairs, and 
obtaining some first 
hand knowledge of 
locomotive machinery. 
But the tendency now 
is to employ none but 
permanent men in the 
fitting department of a 
shed. It is argued that 
a cleaner promoted to 
fitter's assistant is apt 
to lose touch with the 
footplate, and that the 
handicapped by having a 
Therefore, 


fitter himself is 
constant suooemion of fresh mates! 
tile usual thing is fmr a deaner to be promoted 
to shunting fireman. Shunting engines are 
employed m marshalling goods waggons and 
the vahiclea of passenger trains. On weir foot- 
plates the voung fireman learns how to handle 
the shovel, injector, and brake, vdiile ha 
beoomea weU acquainted with tiie direetaona 
conveyed by sign^ 

The Firamna*n Cnrunr. Alter a fire- 
man baa served hia apprentioerinp on a ahunt- 
ing ei^^oe, he passes thne higher 

grades in the same oapaci^; fir^ onengmea 
working local or ^box^ goods train* or in those 
engaged in **bankh^*'^^thai la* aaririing an landa 
of trainaiqiiDiolhiea; aeoand l y, oa fsi g wiaa h a ulin g 
main-liiie goods and ndneral traina;and fhiwlfe. 
on engineain charge of alow and 
trams ra^eetively, acootdi^ to 
expe ri ence. Some oompaniea dii 
three daaaea of fireiM name ^ third, 
second, and firat-efeas firanan; others, again. 



eUsiU^ Uiom by their length of servloe — namely, 
fint year, second year, and third year fireman ; 
hut, whatever the names or methods of classifi- 
cation, the three grades invariably exist in 
actuality. Usuidly, when a man becomes a first 
class, trained, or fireman, he is existed to 
unde^ an examination which proves him to be 
eapabte of taking charge of an engine if requhed. 
Some companies do not wait for him to attain 
that rank. For example, on the North-EasWrn, 
after a man has been firing seven years he is due 
to pass as driver, and that examination he must 
then pass, or else leave the company's service. 
He is given three chances at intervals of three 
months. 

Promotioii for Firemen, The Great 
Northern Company, however, do not permit a 
fireman to present himself for the driver's 
examination unless there ia actually a vacancy, 
or is soon likely to be one for him. Of course, 
every company is bound to keep a certain number 
of firemen qualified to act as drivers in reserve. 
Broadly speaking, companies employ their own 
discretion as to when they shall 
call upon a fireman, and it ^^oes 
without saying that they hmit 
their choice to men who have had 
considerable experience. With 
some companies, like the Midland, 
seniority counts for little; their 
aim is to pick out the men with 
a genius for driving. 

\Miile men are firing they have 
the opportunity of attending im- 
provement classes, fhese are 
formed and managed by the men 
themselves, but the authorities are 
always ready to provide them 
Mif h working models, and also to 
pLaee an engine in steam, to be 
treated for all manner of imaginary 
mishaps, such as a broken piston, or 
valve, at their disposal. It should 
1)0 added that some companies 
make a man pass an examination in 
mechanif^al working of the locomotive oven 
l)cfore he can attain the highest rank of fire- 
man, >vhen, moreover, he has to firove his 
ability to carry out slight repairs with the 
tools at bis disposal. 

Work of Locomotive Firing. There is 
considerable difference between firing a goods 
and a passenger engine. On the latter, a fireman 
has to accelerate the speed of his movements and 
economise time by thinking beforehand. Tho 
fireman of a modem express has not much time 
in which to admire the passing scenery. The 
leviathan engines now built demand to be fed 
with from ^ lb. to 40 lb. of coal per mile. 
Therefore, the fireman's task with a train wliich 
is booked to run for several hours without a 
stop and at a speed of over SO miles per hour 
is Herculean. It would indeed be interesting 
to ascertain what be expends in leet-pounds of 
muscular eneigy hy handling four or five tons 
of fnel at a stretch on the far from steady platform 
formed bythe footplate of an engine wnich, for 
moat of the run, is travelliiigai a speed of a mile a 
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minute. In addition, the .fireman has to attend to 
the water feed and lubrication. Any neglect on 
his part, or an error in judgment in firing heavy 
expresses, lands the driver in difficulties for steam 
supply. The idea has been mooted that engines 
mak^ veiy long non-stop runs should cony 
a relief fireman, but the experience is that when 
three men are present on the footplate they ore 
apt to get in each other's way, and also indulge 
in conversation. However, it is probable that 
sooner or later the fireman's duties will be 
lightened by tho adoption of a mechanical stok- 
ing apparatus such as is l)eing experimented 
with on the huge American engines. 

Promotion to Driver. In course of time, 
the fully-trained fireman, having passed the 
necessary examination, commenct^s •a fresh 
career as a driver. His first post will lie either 
in charge of *a shunting engine, or fulfilling 
that which ia variously known by the names 
of engine turner, or stabler, or, again, ho may 
become a reliever. Tho duties of a reliever, or 
shedman, are to relieve an ordinaiy driver or 
fireman whose day s work is 
finished, perhaps at some distance 
from home, should he wire to lie 
relieved. The duties of stabler, 
on tho other hand, are more 
simple — namely, to meet engines 
when they return to the sheds 
after a trip. A stabler stables an 
engine— that is to say, he is the 
driver who shunts it from off tho 
main track, conducts it to the 
coaling stage [11], turns it on the 
turntabk*, if requin)d, and h(h*b 
that it is haul(*d off to bed, a dead 
mfu*hinc. The duties of bfith 
driver and fireman eoase after 
they have droppinl the fire* and 
accompanieil it to the coni stagr. 
Engines coal for their next trip 
as soon as they come in, and 
lM‘foro they are cleaned, as coal- 
ing is a dirty o|K*rntion. Tho amount of coal 
which each engine receives is booked to the 
proper driver. 

Fuel Economy. Some companies give a 
quarterly coal premium, in awarding whi(*h lK>th 
timekeeping and good conduct are taken into 
consideration. Of course, anybody can save 
coal iry losing time. 

The customary procedure is to tot up the 
consumption of coal by eac'h link or l>atc*h 
of drivers and divide the total by the number 
of drivers, which yields the average. The dis- 
trict superintendent then awards a pemium 
to every driver whose coal consumption pans 
out less than the mileage rate, where coat 
premiums are not given, drivers know that if 
they exceed the average mileage rate th^ will 
be reprimanded ; but most companies, which do 
not give premiums quarterly, grant an engine- 
man, on retirement, a lump sum corresponding in 
value to the coal he has saved during his total 
service. Tliis makes a nice nest-egg for a man. 

LM»lng ihm Road* Pass-firemen and 
shedmen are encouraged to devote their spare 
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Hme to riding on the engines of ordinary trams 
for tJie purpose of learning the ro^ and th^ are 
paid for doing so according to their rank. When 
a man claims to be acquainted with any section 
of road, he notifies the circumstance to the shed 
foreman, who examines him in respect of the 
gradients and signals, an<h if satisfied enters his 
name as qualified to drive an enMe between 
such and such a place in the general route bo<^ 
and on the route card which each engineman 
possesses. 

The Express Trsin Drtwer. In 

due course the driver of a shunting engine, 
stabler of all and sundry engines, or shedman, 
is promoted to be driver of local goods, main- line 
go^, and passenger trains (including rail 
motor -cats) respectively, and ultimate!} the 
most experienced and intelligent men are selected 
to drive the express passenger and mail trains. 
Btrk'tly speaking, there 
is little difference of rank 
or pay in the community 
of passenger train 
drivers. Needless to say, 
the best men are select^ 
for the more important 
posts, but it d^s not 
follow that because a 
man drives the “ crack ” 
express of the day, say, 
from London to Crewe, 
he does the same in the 
reverse direction. On the 
contrary, he may have to 
work his way to town on 
a train, or .several trains, 
which call at every 
intermediatew taiion . 

There is a prevalent misconception that the 
drivers of the “ prides and glories ” of the road 
are treat>ed as superior beings ; but from the 
financial point of view there is little in it. 
A few tH)mpanie8, like the North-Eastern, which 
gives a bonus to the driver of an East Coast 
express, single out the men in charge of the 
fastest passenger trams for extra emolument, 
but tlu* general rule is to pay all passenger- train 
drivers at practically the same rate. There is a 
large proportion of drivers to wheun promotion 
to the first-class division has no attraction. 
8uch men are quite satisfied w'hen they rule on 
the footplates of main -line goods and mineral 
trains ; they have no ambition to go up another 
step. It is a fact, too, that the men forming 
the pick of the goods drivers earn more than 
the drivers of the fast expresses, but then their 
hours are considerably longer, and the wxurk 
ahogethor is of a more fatiguing descriptiem. 
Goods drivers earn most in the winto* time. 

E&CiMinm and Their Enginea. 
It has ever been the general praetice with 
British railways that in l^th the passenger and 
main-line goow services the driver and fireman 
keep to the same enf^ for years. In America, 
however, the praotioe is ''first in first out.” 

are teat out from the sheds in the 
ord^ in which they come in, and when the 
engmemen sign on duty they take the first 
4m 
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engine that kappmM to be ready, in Amenea, 
again, engines are kept in steam or oonslaatly 
at work for months at a time, and ^ foo^late 
of each is saccessively oeenpied by fresh Mhs 
of enginemen. There is no doabt that the 
American system has its advantages ; the 
utmost is got back from the mon^ sunk in the 
construction of locomotiTes when the latter 
ore seldom allowed to He idle, and although the 
life of an engine in such circumstances is mueh 
shorter, it is argued that it is really cheaper in 
the end to build an migine, work it to the scrap- 
heap, and replace it by another and newer 
modd in two or three years* time, than carefully 
to tend engines so that they may last for more 
than a score of years. On the other hand, when 
the driver keeps to the same migine, he gets 
acquainted with all its peculiarities, and, th^- 
fore, can manage that eng^ certainly more 
efficiently, and often 
more economically, than 
smother. The London 
and North - Western 
Railway has long 
worked many of its 
passenger engines with 
double shift^ and one 
or two other companies 
have recently adopted 
the American system 
where mammoth goods 
engines are concerned. 

Ready for the 
Road. The driver and 
fireman come on duty 
together at the running 
shed an hour or so 
before train time. If 
their hour of duty begins during the night — 
that is, between 10 p.m. and 6 a.m. (althoi^ 
** night hours ’ vary with different companies) 
— they will have been called in good time at 
their homes by the “ knockers-up ” attached 
to the shed. The “ bar-nippers ” are usually 
employed as " knockers-up,” and when bar- 
boys do not exist, members of the clerical 
staff may be entrusted with the duty, or boys 
■who intend entering the railway service as 
cleaners when old enough are engaged for the 
imrpose. Both men sign on at the time-office, 
and the driver, either here or at the stores, 
receives and hands to his fireman the keys 
which open the tool-boxes on the tender and 
the padlock round the fireirons. The driver 
then proceeds to the running-shed office, outside 
which is exhibited an array of notices which he 
IS expected to read. Every week what is 
temed a programme *' is issued to the 
drivers. A programme is a book which teUs 
the ^ver what parts of the line may be under 
repair, where new signals are being erected or 
old ones undergoing alteration, and gives 
full particularB as to any alter^ train-working 
airanf^emmits. Unfess he makes himsrif well 
acquamted with the information convey^ hw 
the programme a driver may involve hhnmM 
in serions diffioulties — in other words, '^crimes’* 
and ‘ eonaltiei *’ ; theteloKe, he has always to 


oertify in writing that he has read and digested 
the programme. With the exception of those 
contained in the “ water case/' which notify 
the names of stations where water can only be 
obtained between certain hours, or, perhaps, is 
cut off altogether, the notices displayed on a 
bo^ at the office are not so important. They 
usually refer to details of conduct. Drivers are 
warned that complaints have been made of 
unnecessary whistling at certain places, that 
ashes have been found thrown on to the 
point rods and signal wires, etc. Some com- 
panies make their drivers sign to having read 
these notices as well ; but in any case failure to 
carry out their instructions is considered a 
“ crime.” An engine-driver makes a point of 
studying the contents of the “ water case ” first. 

Stores NMded for a Trip. The 
driver then either goes himself, or sends 
his fireman to the stores, to draw oil, waste or 
sponge cloths, packing for glands, and the 
flags, fog-signals, etc., as scheduled in the rule 
hook. Cotton-waste, for wiping down machin- 
ery, cleaning the hands, etc., has been almost 
entirely superseded by the use of sponge cloths, 
which, when dirty, are sent back to the stores 
to be cleaned, and so can be used over and over 
again. Companies which still issue waste 
generally allow an engineman 1 lb. a week 
merely for cleaning the hands. The amount of 
oil w'hich the driver or fireman draws is booked 
to him. Several different kinds of oil are 
given out — namely, blended rape-oil for bearings 
and motion, mixed oil for axle-boxes, cylinder 
(111 for sight feed lubricators, paraffin or colza 
oil for gauge and head lamps, and when a 
(tunpany employs the Westinghouse air brake, 
half a pint of special oil for the pump. As a 
rule, the fireman trims his own lamps, but in 
some large sheds this is done for him by a lamp- 
looni staff. Not a few companies furnish then- 
engines w’ith destination discs, and the latter 
are issued from the shed stores. 

Another part of the shed has now to Ih‘ 
visited by the fireman for obtaining a supply 
of sand 1 12], wliich has been heated in furnaces 
and otherwise prepared for the road by the 
sand-driers. Some companies, however, make 
the stablers fill the engine sand-boxes. 

Getting Up Steam. Driver and fireman 
repair to their engine, which they find awaiting 
them in a 8pe<ified place. The engine is in 
thorough repair, coaled, cleaned, watered, and 
making steam. Some three or four hours before 
the enginemen are due to appear, the firebox has 
l>een cleaned and arranged by the bar-bfiys or 
other members of the shed staff to whom that 
job is assigned, as already de8cril)ed. The fire- 
lighters [18] follow the bar- boys, carrying fire in 
long shovels on their shoulders to the engine, 
which they insert into the firebox, and sub- 
sequently add to it about IJ cw'l. of fresh coal. 
One of the lighters-up takes charge of the engine 
until the driver arrives. He looks at it periodi- 
cally on his rounds, and takes stock of what 
steam it is making. The time required to raise 
st^m, say, of 160 lb. pressure from cold water 
will vary slightly, but about three hours is a fair 
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average. This can easily Ih» reduced, but it is 
not advisable to force the fire, a.s it tends 
towards straining plates and causing tulies and 
stays to leak. On the otlier hand, if an engine 
1^ found to be making steam too rapidly, the 
lighter-up lowers the damper. 

The •‘Pit** Examination. The first 
act of the driv’er is to ascertain wiielher the 
engine is in complete repair, which is done by 
examining it over a pit, where it is placeJi 
in such a position that every part may Iw 
scrutinised without moving the machinery. * The 
driver descends into the pit, and pn>cetKls to oil 
all bearings, slide bars, and eccentrics, to wipe 
or renew' trimmings if necessary, and to inspect 
the motion as closely tvs possible to discover any 
defects, doubtful parts btung struck witli 'a 
hammer, when any oil that may have l(>dg<*d in ti 
crack will ooze out and n'veal the niischiet. 
Sptyial attention is paid to the crank axle, or 

big end,” os this cannot be got at while 
running. Sensational pictures art' often piih- 
ILshed which depict drivers performing hair- 
breadth feats in oiling their engines whtm 
running at high speed. Some com panics set 
their faces sternly against the practice. l'h(*y 
w'ish it to 1)0 understood that sufticient timt* is 
always allowed a driver to oil his engine whiU* 
at rest ; and if he has to go ” forward ” on the 
road, it implies negligence on his pnrt while in 
the shed. 

Meantime, th(' fiieman is cleaning th<* Hrt'box, 
front and interior of the “cab,” making uj) his 
fire to ensure a gorxl head of steam, testing the 
feed injectors, looking to the tuln's, and seeing 
that the ashpan and smoke- box { 14| arc^ ^‘k'ar of 
ash(‘s. 

Finishing Touches. On the driver 
returning to the footpkite, the fireman and he 
test the gauge cocks to sih' if the water lev<*l is 
accurately sliown in the glass. Afterw-artls the 
fireman prepares the coal by brc'aking it up 
to a convenient size for tiring, and sprinkles 
it with the hose to lay the dust. The driver sees 
that the coal is not stacked too high, and that 
there is no danger of the coal, fircirons, tool- 
boxes, etc., falling off while running. With the 
huge engines and tenders now in vogue, it is no 
longer possible for the fireman to clamlMM- about 
the tender without running the risk of being 
struck down when passing under a liridgc or imter- 
ing a tunnel. < 'onsequently, the new pattern 
tenders are eqiiipp<*d with t(K)l-box<*H inside the 
tanks, and the inside of the latter are arrang<*d so 
that the fuel is constantly slipping down where 
it is within reach of (he fireman plying tin* diovel 
on the footplate. 

Before leaving the shed the lubricator is 
filk*d with oil and the steam applied, so that all 
the water ehamljers may be filkd up gradually 
without disturbing the oil ; the tanks are 
replenished at the water crane, and as the engine 
steams gently out, the vacuum, compressed air, 
or steam bratc, is practically tested. 

Drivers are usually allowed from forty minutes 
to one hour between booking on and whistling out 
of the shed, and an engine generally leaves the 
shod for the train about half an hour before the 
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booked time of d^>aiture. When an engine 
kaveft the shed pnnotoally, the traffic department 
is held to blame if Qiere bo any delay in r^hing 
the train. On coupling on to the train, the 
driver asoortains from the guard what number 
of vehicles and wheels he has behind the tenckr, 
so that he may be guided how to work his engine 
with due care and economy. 

Ezpreaa veraua Goo^ Train Driving* 
The art of driving an engine is such a vast 
subject tluit it would be futile to attempt to 
convey any directions in a short article of this 
kind. We may say, however, that it is incorrect 
to suppose that a higher degree of skill is required 
to drive an express train. Every vehicle com- 
posing an express train is furnished with an 
automatic continuous brake, the weight behind 
tender is limited, the fuel is of the best, and the 
road is specially cleared for the express. Of 
oourse, there is an enormous sense of responsi- 
bility about the charge ot an express, or, for the 
matter of that, eveiy passenger train. Never- 
theless, ail practical enginemen will concur in 
the truth of the statement that goods and 
mineral trains which, with the increase of engine 
power have grown to loads of 60, 70, and some- 
times 100 waggons, require more careful handling. 
With them the enginemen are handicapped by 
slack couplings and strictly limited brake power, 
which necessitates great hnesso in negotiating 
the evc'-varying gradients of the rood, if 
couplings and drawbars are to be kept intact, 
and the train is always to be under perfect 
(xmtrol, to pull up not only at appointed places, 
but also for signal chocks. And the latter 
■ are of frequent occurrence in the working of 
goods trains, 

The Driver on the Footplate, The 

driver’s place on the footplate is in a corner, 
wheie he has the regulator, reversing gear, 
brake lever, and whistle under his hands, and 
commands as good a view as is possible through 
the window of the cab of the track and signals. 
The rule of the road prevails on British railways 
—trains run on the left ; but it is a topsy-turvy 
arrangement that makes the driver occupy the 
ooachjwn’s place on the ’’ off ” or right-hand 
side. The pioneers of railways were responsible 
for this relic of the turnpike. Platforms and 
signals are on the left-hand side ; the engine- 
driver has not to use a whip, and the guidance 
of his steed over the points is in otheT hands. 
Manifestly, the sensible arrangement therefore 
would be to place the driver on the left, line 
or two companies have effected this transposi- 
tion. The London and North-Western long ago 
rearranged the engine gear for driving on the 
left, the London and South-Western is 
following suit. 

The driver is lesponsible for obeying the 
instruotions of signals ; his vigilance in this 
respect must never be relaxed, overshooting 
or mistaking signals is considered about as 
serious an offence as a man can commit Hie 
fireman has also to assist in keeping a look-out 
lor signals when not otherwise engaged. Smne 
companies make it a rule that the fireman is to 
stop firing when afqproaohing an important 
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junction or station in order to do this. However, 
looking into a biasing fire causes temporary 
blindness or colour blindness, h^oe there is a 
danger of firemen being unable to distinguish 
colours when necessary. On the London and 
South-Western Railway an important part of 
the footplate equipment consists of a small 
circular disc of purple glass, set in a metal 
frame. The fireman makes use of this appliance 
when looking into the firebox to ascertain the 
condition of the fire, the purple glass having 
the effect of neutralising the ^are. 

Enginemen'* Einlle and BarraoKa, 
Drivers and firemen are arranged in what are 
termed linha^ meaning that certain men are kept 
to certain sections of the road. It is, of course, 
absolutely necessary that enginemen should be 
thoroughly familiar with the road on which they 
travel — the ^adients, signals, sidings, stations, 
etc. — ^and this can be ensured only by restricting 
their field of work. The ideal, or, at any rate, 
simpler arrangement would be that enginemen 
should be able to return to their homes at the 
end of each trip. But this is far from being 
generally possible. There are what are termed 

double home trips,” ” lodging turns,” or 
“ lodging-house jobs,” which are specially 
favoured by certain companies, as they are 
supposed to yield more mileage in a given number 
of hours. Onginally, “ double home trips ” were 
practically confinea to the men working goods 
and mineral trains, but now the tendency un- 
doubtedly is to extend the practice to passenger 
enginemen. Many compames provide splendidly 
equipped model lodging-houses or ” barracks 
at strategic points on their system for the accom- 
modation of men who are unable to get back to 
their homes without working unduly long hours. 
The Great Eastern Company’s barracks at 
Stratford, and those of the Midland at Kentish 
Town, are specially famous, and for some years 
jiast it has b^n the custom of the former company 
to supply all men who are detained therein over 
Christmas Day w ith a good dinner of old English 
fare. A man is paid for being in barracks 
Is. 6d. in London and Is. in the country per 
night. When there are no barracks each man 
IS given a lodging allowance of 2s. 6d., and if 
lodged 18 hours or over 5s. is usually paid, 
although some companies do not allow the double 
rate for less than 24 hours. Some companies, 
however, have a list of approved lodging-houses 
as w^ell, the landlords of which take in railway- 
men for Is. 6d. a night. 

On ” short trips,” when an engine is not 
stabled, but waits in the yard for a few hours 
till the time arrives for starting on the return 
journey, the men may not leave the company’s 
praises, and sometimes they may not even 
quit their engine without the authority of the 
district locomotive superintendent. The stren- 
uous nature of modem railway business is evi- 
denced by the fact that some companies ** husUe ” 
to the extent of employing suon waiting trw 
enraes on shunting. 

The Ettd of e Trip. On returning to 
his own shed a driver hands over the engine 
to a stabler, and at once proceeds to the 
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office, wbm he out hk returns for the £150 to£2o0 per year. The duties of an mspoctor 

compkM tnp. In these returns he specifies are to investigate the running of engines, ride on 
my irregttlaritice, such as time lost, untoward the footplate with pass-firemen who are noting as 
oocurrenoes, etc., and enters in a special book the drivers under examination, accompany royal and 

character of wj leptm he may consider neces- other high-class special trains, and report upon 

sary for the information of the foreman fitter, the trial trips of new locomotives. 

In any case, before an ec^e resumes work an Colour BlIndnoM a Fatal Defect, in 
examining fi^r makes an independent invest iga- explaining the various grades of a footplate 

tion. The ftiyer files counterfoils of any career we have not. perhaps, sufficiently em- 
water and coal tickets which he may have given to phasised the frequency and severity of the 
a foreign company, in the event of his having had examinations for sight, both colour and dk- 
to replenkh those commodities when travelling tance. At every step of the la^er this test is 
off hi8 own territory. At the stores hk fireman imposed, and when a man becomes a fully-fledged 
bands hack the sponge cloths, lamps, discs, driver it takes place periodically— namely, every 
flags, fog-signak, etc. Lastly, the two men repair two or three years. Few comiMunes employ 
to the time-office, where they hand in their keys drivers over 60 years of age, and thost* that do 
and sign off. At the time-office they learn at so examine them annually. In any case, men 

what hour are due to return to duty. Engine* over 60 are hardly ever allowed to continue in 

men have different hours of duty nearly every cham of express trains, 
day, in order to equalise the roster of turns and Washing Out Engine Boilers. One 
ensure them plenty of rest in between. The of the most important opt^ations that taki^s 

period for rest allowed betw^een each trip is never place in engine sheds is “ washing out ” engine 

less than nine hours. l)oilcr8. Every engine has its boiler washed 

£nglnomen*s Spells of Duty. Engine- out at least once, and more often twice, a wei^k, 

men work either by the day or by mileage. when untreated water is used. The chief 

Ten hours usually constitute a day’s work, ingredients in boiler scale are sulphate of limc^ 
but with some companies it is eignt hours, and carbonates of lime and roaf^cwia, and a 
and with others, again, as many as eleven. Over- deposit of ,^th of an inch will cause* an increascHl 
time is paid for, as a rule, at the rate of eight consumptiem of fuel of some 20 |)er cent., owing 
hours per day, and Sunday work reckoned at to the non-conducting character of the deposit 

time and a half. When men work by mileage, The treatment is as follows : First, the smokc- 
150 miles k almost everywhere conceded tcioe box [14J k cleaned of Bshi*s, ho that ilie plugs can 
equivalent to a day*H work on passenger trains, be easily taken out, and no ashes find their way 
and 120 miles with goods, but mileage working into the tulies. The* engine is ‘then pla(*ed over a 
iH not often applit^d to tlie goods traffic. Thus, a pit, and the leaden wash-out plugs removed. 
Midland driver taking a passenger engine, say, VVliere hot water is used for cleaning, a stc^ra 
from London to Nottingham and back (248 pijH* runs along (he shed, conveying sUnim from 
miles) receives pay for one day and hix hours a lx)ilpr to a high-pressure injecUir, which is 
on the ten, but his number of trips per we<‘k are cciuippcd with flexible delivery connections of 
limited to four. Passenger train drivers seldom naetallic hose* piping and suitable nozzles for 
vork more than four days, in the ordinary directing jets of hot water at high pressure 
sense, per week. through the different plug-holcH of the boiler. 

Remuneration of Enginemen. The Whether hot or cold, the higher the pressure 
maximum pay of a passenger train driver — the water the Is^tter the result Then the 

apart from bonuses ana coal or oil premiums— is tubes have to bt* cleitnid by raking them through 
at the rate of from 78. fid. to Ss. per working day, with long, stiff wire rods, and stre^ams of water 
while a first-class passenger fireman is remuner- must be directed among the tub<*H, stays, (*U’ , 
ated with from 48. fid. to 5 h. per working day. to ensun* the dklodament of all k>oae piec*es of 
Enginemen ore given a small annual clothing scale. Finally, the glands are repacked, and the 
allowance, and leave with full pay for a certain ash pan and damper put right, 
number of days in eac*h year, according to their The BreaKdown Train. A breakdown 
length of service. Some companies do not pay train [15] k stabled at every running shed It 
their men while on leave. Owing to the him (omprises tool vans, containing an assortment 
rents in London, enginemen residing in the of jacks for lifting weights up to 40 tons, 
metropolk are allowra a few shillings a week and all maaner of instruments for clearing away 
extra as rent mon^. Further, all enginemen are debris and converting chaos into order. One 
annually allowed one or two free passes on the of the vans, also, is equipped with ambulances 
railway, not only for themselves but for their and first-aid paraphernalia. In the centre of the 
wives and children as well; train is a long eight or six wheeled truck, 

Prcmiotion from the footplate k of rather rare on which is mountKi a powerful steam crane, 
i^ccarrenoe, but a really smart, well-educated, and whose boiler k always kept warm. The break- 
trostwortliy eogineman may at least contemplate down gan^ k fnmklied from the nmning-sbed 
a field of advanoanent of mtrly wi^ scope. He staff. It is divided into a regular and reserve 
can rise to died foreman or locomotive inspector, gang. For ordinary jobs the services of tbe 
each of which posts carries with it a salary of regular gang alone are requkitkmed. 
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of timber trees has brou|^ exceUeiit returns. 
On some estates in Great Britain the returns for 
a number of acres OTer a kmg series of years have 
averaged from 20s. to dOn, per annum, but the 
income is usually very much less, and, regular 
{(Hest bookkeepii^ not being general, numerous 
gtatistics of cuttings are not available, while 
the production has not been so good as it would 
have been under prop^ management 

Examplna from Other Countriaa. To 
take a German example (see Departmental Com- 
mittee Report on Forestry, 1^3), the average 
growing stock of 4,072 acres, in the Erzgebirge 
(Saxony), of which 93 per cent, was spruce, 
amount^ to 2,128 cubic feet per acre in 1839, 
and to 3,276 cubic feet, in 1893. The receipts 
were 488. 4d. per acre, and the expenses lOs. 4d., 
the net receipts being no less than 38s. per acre 
per annum. Yet this very land was worth no 
more than 4s. per acre for agricultural or pas- 
toral purposes. 

It is maintained by Sir Herbert Maxwell that 
Scotch hill sheep pasture, which, as sheep pas- 
ture, yields only two or three shillings per acre, 
would, under correct management, yield a re- 
venue of 378. 6d. per acre. The same authority 
says (Journal of the Society of Arts, March, 
1905) : '' It is estimated that there are 3,000,000 

acres of woodlands of sorts in Great Britain 
and Ireland. In Belgium there are only 
1,750,000 acres, yielding a return of £4,000,000 
a year. At that rate British woodlands ought 
to yield £7,000,000 a year.” 

In Switzerland the Sihlwald, a forest owned 
by the city of Zurich, yields an annual return 
f)j; about 328. per acre. This area has \mm 
managed by the city for some hundreds of years. 

In France the net annual yield from the 
forest area is approximately 10a per acre. 

In Great Britain the State woodlands amount 
to over 66,700 acres, or 2*2 per cent, of the whole 
area. In Germany, on the other hand, wIktc 
examples of forest management form a feature 
of Government forests, there are some .35,(KK),000 
acres, of which 33 per cent, belongs to the 
State, the whole being managed on a definite 
and scientific business basis for profit and in- 
struction. In a similar way, but to a less 
pronounced degree, almost idl civilised States 
own forests managed on modem lines, and, 
as we shall see later, many have forest 8ch6olH. 

An Idea for Municipalities. The plant- 
ing of catchment areas by various local bodies 
having control over lands for water supply pur- 
poses might help considerably m the direction 
of afforestation. The Departmental Committee 
appointed by the Bomrd of Agriculture in 1902 
to inquire into and report upon British Forestry 
reoommeoded that the attention of corporations 
and municipalities should be drawn to the 
advantages and profits to be derived from plant- 
ing their eaichment areas. It was pointed out 
thM such planting would ultimately aid in the 
retention of water which fell as rain, and thus 
assist in regulating the water supply and in pre- 
venting fl<x>ds, while at the same time foresfe 
would tend to the purificatkm of the domestic 
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water supply. The afforestation would naturally 
lead to monetary returns. The recommendations 
of the Committee have, with the assietanoe of the 
Kn g l is h and Scotch Local Government Boards, 
been brought to the notice of all the local 
authorities of England, Scotland, and Wales. 
The CoqxMratlon of Birmingham have allocated 
about 1,000 acres for plantations, to be planted 
princip^ly with larch, Scots pine, and spruce. 
The Liveirpool Corporation waterworks have 
about 600 acres of woodlands on a catchment 
area of over 20,000 acres and are still planting, 
having established their own nnrserit's in which 
to raise the young plants. Other local authori- 
ties are planting on a small scale or are con- 
sidering the question. The water supply from 
wooded catchment areas is in general purer 
and clearer than it would otherwiw' be, reduc- 
ing the expense of filtration, while it is not 
likely to silt up reservoirs. 

This part of our subject would not lie complete 
without some reference to th<‘ rating of wikkI- 
lands and plantations, for the rates may lH*ar an 
immrtant relation to the afforestation of lands. 
Indeed, it is almost certain that some land- 
owners have been dissuadeni from establishing 
plantations on account of a misunderstanding of 
the rating. 

Ratea on Woodlands. Th<^ following 
extracts from a leaflet issned by the Board of 
Agriculture and FishtTies {Leaffet No. 8, 
mentM to Local Haits) put the matter very clearly 
In referring to the Rating Act, 1874, it is stated 
that : 

“ Under this enactment it is the land, and not 
the timber, underwood, or other produce of 
the land, which is made the subject nl assess- 
ment. It would w*em that if land used as a 
plantation or a wikkI, or for the growth of 
saleable underwood, is subject to common 
rights, it is exempt from the pocir rate and 
other local rates. The nu'thod of estimating 
the gnms estimated rental and rateable value 
of such woodlands is prcscrilx^ by S(*ction i of 
the Act, and is as follows : 

♦♦(a) If the land is used only for a plantation 
or a wood, the value shall be (nitimated as if the 
land, instead of being a plantation or a wo(wl, 
were let and occupied in its natural and un- 
improved state. 

{b) If the land is used for th<‘ growth of sale- 
able underwood, the value shall bo estimated as 
if the land were let for that purpose. 

**(r) If the land is used lK)th for a plantation 
or a wood and for the growth of saleable under- 
wood, the value shall be estunated cither as 
if the land were used only for a plantation or 
a wood, or as if the land were used only for the 
growth of the saleable underwood growing there- 
on, as the assesoment committee may determine. 

** Land of the kind described in paragraph 
(a) should be assessed as if it were efives^ of 
timber or wood of any description, and its value 
determined without taking into account anv 
improvement which has been made, or of which 
the land might be capable. In other words, the 
land should be rated as if it were waste land.” 
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Th« Influeiica of Fore»tnr* A ^eficUl 

inflaence ia also exercifled in connection with 
the soil, climate, the erosion of hillsides,^ and 
protection from the force of the wind ; in all 
these directions there can be no doubt that 
immense service is rendered by wooded areas. 
In the United States of America the necessity 
of forest preservation for the continued pro- 
sperity of the nation was keenly discussed and 
insisted upon by many authorities at the 
Forest Congress held at Washington in the 
first wwk of January, 1906. 

Forest trees remove less food material from 
tlie soil than do agricultural crops, the major 
portion of the food supply being taken from 
the carbonic acid gas of the atmosphere [see 
('HEM 18 TRY]. For this reason, among others, 
forest crops may be grown continuously on the 
same soil over long periods of time. The S 3 rstem 
of coppice woods is, perhaps, the most exacting. 
Soils under forest management are also rendered 
more retentive of moisture," which can percolate 
more freely than on ordinary soils, while it is 
not so readily evaporated. Binding of light soils 
lakes place under forest cover, while heavy soils 
are ameliorated and opened. The erosive effects 
of heavy rains ar(* to a large extent obviated 
where there is a close canopy of trees, rain being 
successively retardiKi by crowns, stems, roots, 
and Ui(‘ covering of hurnus. The uses of affores- 
tation 'n this connection are well seen on the 
mountain sides of Switzerland, France, etc., 
where the 8ervic<‘s rendered by woods in such 
]>osifions in giving protection against avalanches 
and floods are invaluable. Under close canopy 
the soil is kept j>ractically free from weeds. 

The Climate and Foreat Areas* The 
influence' of fort^st areas relative t/O climat(* is 
often, perhaps, liabk' to exaggeration, the actual 
diffi^renc(*s in temperature between cleared and 
afforested areas being in general but slight. But 
extensive forests undoubtedly tend to render the 
climate of a country more equable, the tempera- 
ture of the air and soil being slightly lowend in 
summer and raised in winter. It has been stated 
that on the average of eleven (ierman stations 
the July temperature of the surface soil in the 
forest w'os found to be 1 ° F. lower than that 
in the open field, whereas in December the 
forest soil was rather warmer than that in the 
open field. Forests also t<*nd to increase pre- 
cipitation of moisture. 

NaiTow strips of woodlands are frequently 
planted to afford protection not only to fields 
and orchards against cold and dry w inds, but 
to exposed villages and towns. These “ shelter 
belts, as they are termed, also serve as shelter 
for livestock, game, and wild birds. Such belts of 
trees arc also utilised to break the force of high 
w'inds, and so protect the woodlands proper. 
Especially is this to be seen on certain open 
coast lines, where the wind-swept appearance 
of the marginal trees on the windwara side of 
woods luid forests is often well marked. 


Labour and Foreotry. In Great Britain 
the influence of forestry on labour is very 
small, but in some countries it is of vast 
importance. In the United States and Canada 
the lumber trade and allied industries give 
employment to a great number of workers. In 
Germany many industries depend entirely on 
the forests for their existence. The wages earned 
under forest work proper, and the industries 
dependent thereon, in (^rmany, run into many 
millions of pounds sterling per annum, while 
some 10 per cent, to 15 per cent, of the population 
are engaged in work connected with forestry. 
Among the numerous allied industries may be 
mentioned turning, matchmaking, wood-pulp 
manufacture, drum and cask hoopmaking, and 
the manufacture of shovels, shoes, barrows, etc. 
Compared with agriculture generally, forestry 
gives much less employment per acre, Schwap- 
pach stating (“ Forestry,” translation by Story and 
Nobbs) that in Germany arable farming employs 
one man for lOJ acres, while forestry requires 
only one man permanently employed for 308 
acres. Yet more persons would be required per 
1,000 acres of woodland than per 1,000 acres 
of hill sheep pasture, it being stated by the 
Departmental Committee [see Section 1] that 
whereas Scotch hill pastures quite capable of 
producing high-class timber appear to employ 
but one man to 1,000 acres, the same land 
if planted would require the services of one 
forester per 100 at^res, quite apart from the men 
necessary to cut and remove ripe timber and 
those employed in the various trades arising 
from the proximity of forest lands 
Effects of Natural Agencies on 
Forests. In its turn, forestry is largely 
affected in any district by certain natural 
agencies which cleU'rmine the character of 
the trees which may he planted w'ith most 
advantage. It may briefly he slated hero 
that the character of a forest area dejiends 
to a great extent on the soil and subsoil, 
and on aspect, elevation, and climate. The 
species of trees w'hich w'ill grow best under 
the same general management (after being 
established) will depend very much on such 
factors as those mentioned ; the species, in fact, 
will differ accordingly as the land litw high or low', 
isopen and bleak, or sheltered and mild, U porous 
or retentive of moisture, or is gravelly, chalky, 
clayey, or Joamy. For example, the oak requires 
a fairly deep soil, while the spruce will do well 
on a shallow soil ; the alder is suitable for very 
wet situations, w'hilo Scots pine occurs and 
flourishes oH very <iry soils ; spruce grows at 
a greater elevation than almost any other of^ / 
our forest trees, and poplar is found o^^‘uy 
at comparatively low altitudes. In •^ther 
w'ords, “ locality ” — meaning soil or clirjj^Sate in 
relation to tree growth — governs the „ species, 
and species largely determines the cha^ jfacter of 
the wood or forest 

Conlinutd „ 
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SENDING TELEGRAMS 
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TELEGRAPHS 

Practical Tde^raphy. How the Traffic it Handled. The 

2 

Speed of the Telegraph. Sending and Receiving Messages 

ODailiiued froiM pn^ 
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By D. H. KENNEDY 


Traffic Itoutea. Before dealing further 
with the instrument^room, it will be well to ex- 
plain that the general system of dealing with 
telegraph traffic is closely analogous to that for 
railway passenger traffic. Small towns have 
lines to lurge towns, large towns have direct lines 
to all other large towns within a reasonable 
distance. Here it has to be remembered that as 
the distance increases the cost of providing and 
maintaining the line increases, but the sixpenny 
telegram is still the sixpenny telegram. Every 
large telegraph station is therefore a junction 
where messages change lines. 

The route of a message is called its circula- 
tion and a good knowk^e of circulation, and 
therefore, to some extent, of geography, is a 
desideratum for every telegraphist. It is, 
moreover, the special stock-in-trade of the 
ycathful collectors. 

Circuits* Now let us examine the arrange- 
ments of the circuits in the instrument-room. 
Circuit is the generic title given to any set 
of apparatus when in use for communication. 
In the centre, obviously for maximum aooessi- 
bility , are the numerous London wires. There are 
eight or ten for commercial work, and three or 
four for receiving “ News,” Wires used exclu- 
sively for receiving Press messages from London 
arc always called news wires. 

One end of the room, let us say west of the 
London wires, is quite taken up with short 
distance local wires, while the east end is fitted 
up wuth wires to other largo centres. We may 
call them main cross-country lines. 

Just behind every receiving instrument there 
is a wire basket mounted on a pedestal nxi, 
on which the telegraphists place the messi^es they 
receive ; and again at the sending position for 
every town we see a narrow, deep little box, open 
at the top and at one end, into which the 
messages to be sent are frequently being placed. 
After this glance around, let us rcium to our 
learner. I^^t are his sensations on coming int^ 
closer touch with the mystery of the electric 
telegn^ih? 

Speed of the Telegraph. * One novel 

and thhUiDg eopmenoe comes to every young 
telegraphist. It is the moment when he raises 
how ocunpleie is the annihilation of time by 
electricity. Even in the school he has specu- 
lated and experimented as to itkst was the actual 
interval between putting down the key and the 
response of thesoiinder ; and if he did admit that 
it was too short for his powers of observation 
he mentally added that tne distance was very 
short, and he reaohred to repeat the experimrat 
under other oof¥litsons when the opportunity 
diould arise. Now it has come. He sees a 


telegmphist working on a circuit marked “ Aber- 
deen.” Here is a long w’ire, and he watches to 
note the interval between the Englishman’s last 
signal and the first of the Seotchman’s response. 
The sound of the key is still in his cars when 
the sounder is rattling out the reply. The learner 
mentally collapses. How long does it take t(» 
send a message some hundreds of miles ? Merely 
the time necessary to signal it. He is quite 
stunned, and after slowly adjusting his mental 
conceptions he n^alises that telegraphy is practi- 
cally instantaneous, and that the time consumed 
in the transmission of a mt^sage is all taken up 
in the handling and the formation of the signals. 

He is now put in charge of a sounder circuit, 
working to a suburban office, and he has time to 
notice the methods adopitnl for handling the 
traffic so as to reduce delay to a minimum. 

MeMagM* The messages handed in by tlie 
public are written on white forms w ith a big ” A ” 
in the left-hand comer. Tluw are not always 
legible, and the counter clerk has to make 
them so. Messages received from one station 
to be forwarded to another are w ritten on ” B ” 
forms — thin, yellow forms never w^en by the 
public. Messages rt^ceived at a station for 
delivery are wrritten on “ (J ” forms. Tliew^ 
are in duplicaUs and the under, or caibon, 
copies, go to the public. 

All the writing is done wilh peiu il, and botli 
the “ B ” and the upper “ (5 ” forms are dividwl 
into t ve Hjiaces jmt line, and one word must 
be written in one space, and no mon^. This 
facilitates counting, and prevents the dropping 
of a word. 

When the telegram is handed in, the counU^r 
clerk inserts the “Code time,” the “Office of 
Origin,” and the number of words. It is im- 
memately despatched to the instrument-room, 
))robably liy a pneumatic tube, in the instru- 
ment-room it is taken up by. a colletOor and 
carried to the proper circuit. If other messages 
are not waiting, or in course of transmission, the 
telegraphist takes it up at once. He most first 
look at the address, and decide what the prefix 
will be. If it is to be delivered from the office 
he is working to, it will be prefixed “8.” If it is 
to be sent on, it will be “X.” 

Sending n Meseage. When his first “ A ” 
form am'ves, our new hand calls up the 
suburban office by signalling the prefix. In this 
case it will be B,” as sunorban stations are 
never transmitting stations. 

On omnUms circuits the station must be called 
by repeating the code of the station required 
three times, and then the code of the calling 
olBoe. A calUd station replies by si g nall in g 
its code, foDowed by the sign . 
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Tlie Bub'Office aignals •>. The mesBage 
is then signalled in this order : Prefix, Code, 
Office of Origin, Number of Words, Address, 
Text of Message, Name from (if any), con- 
cluding with the understand signal • . • . • 

The receiving telegraphist counts the words 
as he writes them, and immediately on the com- 
pletion of the message replies bv the acknow- 
ledgment signal The time sent ” is 

then inserted on the “ A ” form, together with the 
code of the distant station, and the initials of the 
senduig clerk. The sent messages are placed 
on a hook under the wire basket, whence they 
are collected at intervals. 

7’he School Sounder Circuit station had only 
I wo pieces of apparatus, but in actual practice 
a Ihird is always prmmt, namely a galvanometer 
1 12J. A galvanomeb'r is not absolutely necessary, 
but it is H very useful adjunct. Normally the 
ne(?dle n'lnains vertical. When the key is depressed 
the needle should deflect to the right, and when 
signals aie being s<*nt it continues to oscillate 
backwards and forwards. Should it suddenly 
cease to do so, the 
inference is that 
the wire has 
btToine disi'on- 
necled at some 
point. At other 
times, when rail- 
ing fail to obtain 
a response from 
the distant office. 

It may be noted 
that the oscillation 
of tile galvano- 
meter needle is 
much nioK* vigor- 
ous than usual. 

This IS firobably 
due to the tact 
that the insulation 
ot the circ mt has 
btolvi'n down at 
some ))oint In 
“ithei ( ase th(' teh'grajihist reports the fact to 
his su|M‘nor, who will invoke the assistance of 
the U'st clerk. The complete designation of the 
circuit we have bt*en dealing with is “Direct 
Sounder, Single Current ' 

The Relay. Direct sounder working is 
jiossible only on the very shortest lines. For all 
others it is necessary to employ relays. Relays [11] 
are electromagnets of special construction, sen- 
sitive to very small currents. The currents 
re(*eived from the distant office actuate the 
relay, which m turn controls the sounder, llie 
working adjustment of the relay is made by 
means of the milh^l screw seen on the right side. 

On single-current circuits the relay should 
be adjusted as follows. Turn the adjusting screw 
to the right (marking) until tlie sounder armature 
goes dowm, then turn back to spacing until the 
armature of tlie sounder rises. The relay is now 
in iu> most sensitive position for single-current 
working. 

The Duplex. Next to the direct sounder, 
we find a circuit working to a much busier 
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suburban office. It is of the same t; 
for the fact that it has been mi 
“ duplex.” 

In addition to the key, soimder, and galvano- 
meter, there is a relay and a rheostat which has 
a movable top ; also a switch for altering the 
arrangement from simplex to duplex, or vice 
versa, as required. 

The theory of the duplex system is dealt with 
in the electrical en^eering "section, but simple 
directions for adjusting a circuit to work duplex 
can be given. 

Balancing a Single-current Duplex. 

The controlling office decides when duplex work- 
ing is necessary, and instructs the other station 
by a service message. Both stations turn their 
switches from “ simplex ” to “ duplex.” The 
controlling office operator proceeds to “ balance. ’ 

The rheostat is of the metropolitan pattern. 
The top, which is graduatt>d 0, 25, 50, and so 
on, can bo turned round so as to bring any 
d(*sired figure opposite a pointer which is fixed 
on the side of tlie brass frame. Normally, th(‘ 
zero is at the pointer. After turning 
his switch to duplex, the telegraphist 
should depre^ss the key, and observe 
the effect on the galvanomc'ter needle. 
It will deflect widely to the left. 

The rheostat should now be turned, 
and the key depressed at intervals. 

As the figures in- 
crease it will k‘ 
found that the 
deflection to the 
left gradually de- 
creases, and. 
finally, when the 
right point is 
I cached, the de- 
pression of the key 
has no effect on 
the ncH*dle at all 
If th(‘ rheostat be 
turned lx»yond 
this point the 
galvanomet<‘r needle will deflect to the right, the 
deflection ^teadlly increasing as the figures on 
the rh(»08tat inere^we. The highest figure on th(‘ 
rotating toj) is 225, but this can he supple- 
mented by 3(K) and by 600, which are added 
by iciihdrawing plugs from their normal position 
between the brass blocks on the front of the 
wooden case. 

The name of the unit of resistance to which 
these figures refer is the ohm. A useful mnem- 
onic connecting the defli‘ction of the galvano- 
meter and the ^justment of the rheostat is given 
by the two words “ Right, Reduce. ’ When the 
controlling office has balanced, the same operation 
is pt*rformed at the “ down ” office, and working 
can then be commenced. 

Duplex WorKing. Of course, two opera- 
tore at each end are now necessary, and they 
must be fairly export if the work is to proceed 
smoothly. Let us call the head office men A and 
Y, and the out-station men B and Z. A and B 
are at the keys while Y and Z are receiving. 
The latter are provided with long, narrow RD 
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dKps on wbioh they must write the name to ** 
each message as received. When Y is ready, 
A gives ^ M aod a similar signal is given "B 
for his colleague. The senders then proceed 
steadily for quarter-hour periods, usually dis- 
posing of about ten messages of average length. 
If, say, Y fails to read a word, he informs A. A 
immeM^tely signals .ii*, giving the last 

word which Y has written. At the quarter-hour 
periods the names on the '' R D slips are 
counted, and totals exchanged, thus A will 
signal, “ Total, ten Brown,” and B thus, 
” Total, nine Jones.” The figures refer to the 
number of messages receiv^ during the 
quarter-hour, and the name is that of the 
addressee of the last message. If these are 
correct, each gives * and work is 
then resumed for another quarter-hour. If 
the total be incorrect, the names on the 
acknowledgment slip are signalled, and the 
missing name found and accounted for. 

The galvanometer indications should be 
properly imderstood. As already stated, ^ hen 
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the handle must be turned to the appropriate 
position. It follows that on double-current simplex 
circuits, once a message has been cemmentHd, 
the sender cannot be interrupted l>y Uie n‘- 
ceiver, as in single-current 
working. Any ivpi^tition 
must therefon* bo obtained 
after the completion of the 
message. 

What has been said as to 
galvanometer uidioations 
in tlie case of single-current 
working applies equally 
to Uie double - current 
system, if tin* ditToreiieo 
l>et)^een the t^o metluKls 
is kept ill mind. In singl*'- 
current working, ih«* 
signals art^ made by sucei's- 
81 VO impulsi's of curitmt, 
uhich traverse tlu' circuit 
in the same direction, and 
in *iie interval In'twivn 



signals are being sent in only one direction, the 11 . post office standard successive signals no cur 


galvanometer at the sending station remains 
vertical. At the I'eceiving station it deflects 
to the right when a mark is being received, and, 
of course, oscillates backwards and forwards 
under the influence of a series of signals. Should 
the line become disconnected, the depression 
of the key causes the galvanomeUT needle to 
deflect to the left vigorously. On the other hand, 
vigorous deflections to the right indicate that the 
insulation of the circuit has failed at some point. 

Main Line Circuits, Now lot us look at 
some of the longer sounder circuits—the main 
cross-country lint‘s. These are all worktnl on the 
double-current system. The main difference to the 
ojierator is the substitution of the light singU*- 
current key by the heavier double-current 
pattern [101. 

The double-current key is provided uith a 
switch marked, ” Send, Receive.” Wlien uorkiiig, 
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rent is flowing. In double- 
current working, instcatl 
of the “no current” inU'rval for sjiacmg, the key 
is arranged to send sjiacing curri'iits oplX)slU^ in 
direction to the marking current. The observant 
telegraphist will note that the sjiace defliM-tion is 
to the left and the “ mark ” to the right, Tht' 
latter, of course, is in agri'cimmt with single- 
current working, 

Balancing a D-C Duplex. To duplex 
a D-C circuit, the procedure is similar to the 
S-C case, with the following slight moditications. 
The key sw'itcln^s at botli stations art^ turmul to 
“send, and left so jK‘rmanently. The gal- 
vanomeUT needle, instead of balancing m tlie 
centre, will lake up a imsition about 40 divisions 
to the left. The “ Right Reduce “ rule holds good 
The rheostat is larger than tin* metropolitan 
|)att(Tn. Tins style is called ihtodat “ r ’* It 
can be adjusted to luiy figure, advancmg 
from 0 by 10 to 8,4110. 

Instead of a rotating top, it is providi'd 
with two radial arms. One ot them can lie 
turned from 0 to 4(K), advancing by 40 ; the 
other from 0 to 4,000, advancing by 400. On 
the front there are thne brass plugs markecl 
4,(X)0, 20, and 10. Thus, to make up 0,070, 
we havt‘ ; 

Brass plug withdrawn 
from front . . . . 1,000 

One nwlial aim turned to 
front . . 


Brass plug 
fiom front 


withdrawn 


2 400 
240 

20 

10 


12. DtRSCT 80 r»DKR WITH OALVANOlfWTER 


Total 6,070 

The balancing should be earned 
out in the methodical manni'r 
already deecribed. 

The Condenser. The largo 
wooden box on which the rheoetat 
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if! placed is a condenser. At one end there are 
half a dozen brass plugs. The capacity of the 
condenser is increa^ by insertiisq the brass 
plugs so that they connect two adjoining brass 
segments. The segments are marked 2, 1, *5, *25, 
and, again, 2, 1, *5. inserting various plup. 
It is therefore possible to vary the capacity 
from *25, advancing by *25 to 7*25. The unit 
of capacity to which these figures refer is called 
the microlarad. To adjust the capacity, depress 
the D C key, and observe if there is any effect 
on the sounder just at the moment of depression. 
If a dot be formed, the capacity must be in- 
creased til! this effect disappears. If, on the 
other hand, no dot be formed on depressing the 
key, but just when it rises, then the capacity of 
the condenser is excessive, and must be reduced. 

Fault Indications. It should be men- 
tioned that in the event of the line becoming 
disconnef'ted, the sigmils sent on the key at each 
station are given out l)y the sounder, but re- 
versed, while a sudden breakdown of the in- 
sulation of the line will have the effect of causing 
the sounder at each station to repeat the key 
signals, or, in t<»legraphist parlance*, one “ gets 
their own marks.” The great bulk of the main 
cross-country t/clegraph work in this country is 
done on the double-current duplex circuits, and 
every effort is made to provide a sufficient num- 
l>er of circuits between towns to carry the traffic 
without delay. 17ic d<*lay in each office is 
limited to ten minutes. In any cases where this 
is exceeded the sending telegraphist must state 
the cause on the back of the form. 

Roundabout Routes. It is, of course, 
obviously d(Hlucil>le from this thst the time 
taken to transmit a teb'grarn is proportional to 
the number of offices through ^^hieh it htut to 
pass, and this is approximately true. From this 
fact, and tlie circulation arrangements already 
described, it sonu‘tim(‘s eunously results that 
two places which may he (juite near geogra- 
phically are veiy badly situated telegraphically. 
One such case may he instanced. 


Two villages on a main line of railway running 
east and west are four miles apart, ^ey have 
no direct communication. One of them is 
connected to the eastern terminus of the railway, 
vii one intervening office, and the other to the 
western terminus of the rail, vi& two transmitting 
offices. The main terminal offices are connected, 
so that a telegram irom one village to the other 
has to pass through five transmitting offices. It 
need scarcely be added that such telegrams are 
very rare, or better arrangements would be 
made. 

Traps for the Unwary. Frequent 
transmission is to be avoided, not only in order 
to save time, but also to avoid inaccuracies. 
Every effort is made by the department to secure 
accuracy, and mistakes are always traced home, if 
possible, and the misdoer punished or cautioned. 
But pitfalls are numerous, and the most careful 
clerk trips occasionally. Probably the majority 
of the errors are due to bad WTiting, but the 
following examples show what care is necessaiy 
to avoid errors in signalling. Compare the 
following pairs : 

Cash .. 

Cases 

Bad ... . MM MM . . 

Dead » , . . ... . , . 

Satin « • • ... . , . ... 

Sate<*n ... . .. • . ... • 

Calls 

Calais ...... ... ..... 

Dali .... . . mam . . . .. . . 

Half 

One example of an error due to indistinct 
WTiting may be given, because it is both true and 
amusing. The head of a syndicate controlling 
provincial music-halls was considerably mystified 
by a telegram from a provincial manager, asking 
him to “ send two good twins on Monday.” He 
was, no doubt, much relieved when, on inquiry, 
it transpired that ” turns ” had lieen, in transit, 
turned into twins, and that artistes, not infants, 
were wanted. 


Continued 
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PICTURE FRAMERS 

The business of a picture framer is often 
conducted profitably on agency lines, all orders 
being sent as received to the wholesale moulding 
manufacturers, detailed instructions lieing given 
with the picture, carefully packed, the finished 
work being in due course returned ready to bo 
handed over to the customer, or, mayU', 
without the glass, this being cut and fitted 
by the shopk<*ep(‘r. The manufacturers supply 
numerous sets of samples of mouldings, corners, 
etc'., each sample numb(Ted to facilitate tht» 
selection and ordtTing of their goods, and marked 
H-ith prices from which usual trade discounts 
ar(i allowi d. In this ractlu d of conducting the 
biisincsH little is wanted beyond samples of 
mouldings, mount l)oards, show-room dih])lay (as 
dt'scribc'd bc*low), and a tape measure. 

Common “ window glass ” is of tho samo 
([uality as that used for cheap picture frames, and 
tho sale of window glass often proves a ]>rofit- 
able side line to tho picture framer. If tho 
business be* conducted on agency lines, this side 
line may still U* adopted, and glass insertc'd into 
frames on receijit from the* maker, Tho proper 
use* of a glazier's diamond is easily aecpiired. A 
l)aj7>o-e()V(‘r('d tal>l<* reserved for glass cutting 
prevents breakage's. 

Sale Shop. The sale shop may bo fitted 
with tho usual counter, undi'r which seveTal 
long shallow drawers for engravings, etc., will 
1)0 useful ; also some sh(*lving for fancy goods, 
alternated with plain wall spacers for tho display 
of pictures, frame*s, and other goods. 

In eonveniemt recesses there may lie upright 
divisions for the storage of mouldings in tho 
ease of practical trade being chosen. Mouldings 
are usually in 9 ft to 12 ft lengths, and require 
the full height In the cheapcT kinds of 
“ German ” gilt mouldings, or tho plain oak, 
Iwth natural colour and stained, the enamelled 
and other cheap fancy mouldings, aa well aa 
the largely used gilt ” slips — plain flat, bevelled, 
or hollow moulds, usually inserU*d as an inner 
frame next to the picture— a large variety and a 
fair stock is generally maintaini*d. 

Fancy frames, such as ovals, rounds. Oxfords, 
and ” swept ” frames, may ^ bought ready- 
made from the wholesaler advantageously. 
Among this class should be set down Masonic 
frames containing emblems of the craft. These 
are in fairly regular demand. 

Indispensab£ to a good framing business is 
the sale of pictures, especially of engravings, 


etchings, or other good reproductions of popular 
works of art, that may lx> sold at from Is (Ul. 
to half-a-guinoa each, with a good margin 
of profit. Another class of goods finding 
rc'gnlnr sale is that of artists’ materials [see 
jiage 894). 

A special nttractivi'ness always attaches to 
the exhibition of original oil paintings, water- 
colour drawings, (^tc. The.st* are gcaierally obtain- 
able on “sail' or return” from artists of small 
nmown, who allow a suitabh* commission. These, 
if really good work, eM‘Il beltei when displayi'd 
without frames, and an order for framnuj may 
bo H(H‘ur(‘d at the same time. 

How to TaKe Framing Orders. 
It is geneu’ally found that tho cuslom(*r has no 
prt'coneeived idea of suitable styles for framing 
various styles of pictures, though h(* lias prob- 
ably dtH'ided on a limit to his t*xponditiiro Tho 
first husim^ss of tlio salesman is, ihen^fore. to 
tu'quaint hirnsidf with the usual style's of fram- 
ing adopted for delinito elassiss of pictures, and, 
knowing these points, bo should asec'rtviin Iih 
custonKu’s ieh'a of price, and display the kind 
of frame or saniple.s of mouldings suitable to 
me(‘t the ease. 

For g('nt*ral guidanot*, tho following K'aclmir 
points may l>e carefully noted, though individual 
preferences may call for occasional d(?v union 

Oil paintings are u.Hually framt'd In gold, or 
be'st imitation gold, without any ’’mount.” lie* 
painting coming directly under tlie rebate of llic 
moulding or slip. As a rule no glass is usi^ 
over oil paintings. The use of o plain slip 
greatly irniiroves tho effectivem*ss of an enrich«*d 
moulding. Ornamental corners over oniieh«‘d 
mouldings add to their rich eflect, but, (^^ku i 
ally in best gold work, plain mouldings, void of 
such addition, are generally preferred. 

Water - colour drawings are generally 
“mounU»d” either by Ix'ing pasted down (b\ 
the edges only) upon a white or tinted board 
largo enough to provide a wide margin nil 
round, or this margin is provided by a ” cut- 
out ” mount with an op<*iiing a trifle smaller 
than the picture, which is then secured by touclu^ 
of paste (at the comers only) on to a larger she<*t 
of yiaper, and the cut-out mount laid over both 
to display tho picture in r(K*ess. The latUir is 
the betU*r style, and is charged at higher rate's. 
Various tinted mounts, from greys to pale primary 
tints, are occasionally more appropriate than pure 
white. A sheet of glass is always placed in front 
of water-colour drawings, as they lose much of 
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their colour value if exposed to air and moistu^, 
which also rot the paper. For best qualities, a 
colourk^ss glass, specially made, is obtainable. 

Prints, engravings, etchings, photographs, 
needle^^ork, certificates, and all such subjects, 
may bo treated in the same manner as water- 
colours. 

Frames. For water-colours, white enamel 
and gold mouldings, or enamel uith a gold slip 
next to the mount, or plain gold of neat and 
light, rather than rich or heavy patterns, are in 
the best taste. The plain “ slip is often placed 
under the glass, preventing contact between the 
glass and the picture. 

For i)hotographs, etchings, engravings, and 
other black- ard-whit<‘ or monotint pictures, a 
plain oak frame, polish' d or unpolished, natural 
( (jlour or stained, made up with a plain gold slip 
under the glass, maintains the quiet dignity of 
the picture as a contrast to the gaiety of highly- 
coloured work, whic h may Ix' enhanced by more 
(‘lal)orat(‘ framing. 

“ Swept ” frames are peculiarly adapted to 
ancestral portraits, old engravings, and pietures 
by old masters. These are the old-fashion(*d 
heavy gold frames in which ornate comers are 
joined by scrolled curves. 

Best Gold Frames. These, lK*ing exe- 
cuted w'ith real gold leaf laid jierfcctly level 
and hnished with cither mall or burnished 
surface, by various methods nxiuiring appnm- 
ticesliip or long pnictiec*, may with advantage 
l)e sub-let ioex|HM t gilders wliow^nk for the trader 

If the beginner wishes to accpiire the nc'eessary 
profieiency to executes his own gilding, he must 
prepare for it by special praetie(‘, in which Seott- 
Mit<‘heirH book on “Practical (biding, Uronzing, 
and Loequt^riFig,” may be of service. (Price 38. 
iK'tt. Trad(‘ l^ipers Publishing Co., Ltd.) 

Mounts. Wide margins may redeem a small 
j)ieturc from appearing eommonpla( 0 . 

In mounting prints, etchings, etc,, sometimes 
it is desired to display the “ title ' (printed on the 
lower margin of the })icture), though some object 
to this because the first proofs in good t\c)rks of 
art contain no descriptive title. The customer’s 
preferonre should bo ascertained beforehand on 
this point, and, if required, a small opening may 
be cut in the mf)unt, carefully adjusttKl to the 
position of the titlt‘. Roundi^d or pointt^d ends 
to this opening add to the neatne.ss of finish. 

When taking ordem for framing with 
“ mounts," it is economical to adhere to detinite 
fixt'd sizxis in which the mounting boards are 
usually supplied. These are as follows (in ineh(*s) : 
10 X 8, 1L> X 10, 15 V 11, 10 ^ P2, -22 x 10, 
24 X Oi, 24 X 19, 20i x lOJ, 20i \ lOJ, 30 x 
11, 30 X 22, 33J \ 10}, 391 \ 20}, 40 x 30. 
Comparatively few* orders will come for larger 
sizes than 30 x 22. When cutting out mounts 
for large -8izi>d pictures, the panel cut out 
trom tlie board should be kept clean for probable 
use m mounting smaller work. 

Measuring. The measun* of the motmt when 
ready for framing is called the “ ghvss measure," 
and that is the measuiv always recorded 
as the jtize U) uK)rk to in making the frame. 
When a gold slip is used, this is made first and 
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the larger frame fitted round. Hence, in measur- 
ing for frame moulding, due allowance must be 
made for these points, which in some cases may 
mean considerably increased cost, especially in 
case of English gold frames. A safe method when 
calculating the value of frame moulding required 
is to add four times the wudth of the moulding 
to the total of glass measurement. The extreme 
outside of the frame is the measurement to be 
charged for, because the irredeemable waste of 
comers cut away cannot be overlooked. Also 
note that the usual lengths of picture mouldings 
(from 9 ft. to 12 ft.) wHl often be just too short 
or too long to “ cut up *’ without waste pieces 
at the ends, which may be of no further use. The 
latter point may sometimes affect the recom- 
mendations of the salesman as to size of frame 
to adopt, especially in cheap kinds of work. 
Oval, circular, swept, Masonic, and Oxfoid 
frames are best ordered to given sizes from tho 
wholesaler. 

Prices. A reliable method of pricing is 
to total up the prime cost of materials, such as 
mouldings, mounts, glass, eyelets, etc. (allowing 
for necessary waste), and multiply thf.t total 
by three, which will be, as a rule, the fair selling 
price, including average cost of making up 
and a reasonable jirotit of 25 to 30 per cent. 
This system is spec'.'.lly applicable when “Ger- 
man" mouldings an usi^l It may be called into 
service for real English gold work by adding tho 
price of gilding to the former total, at tho rates 
given b<*low’. 

(hi gilding in genuine English gold leaf is 
usually eharg(‘d 9d per foot run for first l-in. 
girth or part of an inch, and Gd. per foot run for 
each additional inch girth. Matt and burnish 
gilding ischarg('d doubl(‘ the rat<‘H of oil gilding. 
Cost of gilding, if put out U) th(‘ wholesaler or 
to the expert who works for the trade, will be 
from tluee fourths to tuo-thirds the prices 
narntHi; while if the work be done in the framer's 
own workshop by comp(‘teiit employet’s, the cost 
may sometimes not exceed one-half the price 
eharg<*able. But, as already mimtioned, tho 
work of tile gildiT is a distinct trade, and unless 
a eompet(*nt workman be employed, or very 
con.sKierable practice Ik^ obtained on correct 
lin<‘s, there may be sufficient waste of the precious 
metal to creak' a loss inst<‘ad of a profit. 

Repairs k) old frames before* regilding usually 
constitute an extra cliarge. They may require Uk* 
services of a practical frame- maker, though tin* 
aspirant may learn the eiistomary methods from 
Seott-Mikdiell's book on gilding already mc‘n- 
tioncxi. 

Workshop. Whenever convenient, it will 
l)e found most profitable to make frames on one's 
own premises. The mouldings are all miidc with 
a rebate ready to receive the picture, etc. To 
describe the making of an ordmaiy^ frame in brief 
w ould be : 

“ Out the necessary" four lengths (two exa' t 
jmirs) from the mouldings, each length with its 
ends cut at an angle of exa^’tly 45 deg., without 
chipping the surface or other damage, and fask'n 
the ends together with glue, adding screw's 
or brads for permanent security. Insert the 



picture (with glass and mount when required), and 
make up the back with back boards of thin cut 
pine, covered with brown paper carefully {)asted 
over aU to the edge of the nrame. Panelled backs 
replace the thin l^ck boards for best work.** 
Tools* To facilitate this apparently simple 
process there are scores of mechanical con- 
trivances without which no business can be done 
profitably. They are inexpensive, and from the 
extensive variety offered to the trade the follow- 
ing list is compiled with the double object of 
economy and efficiency ; 

Mitrb Block. This is a large tablet of wood, 
surmounted by a smaller block of hardwood, 
fixed so as to leave a margin on the tablet on 
which to lay the mouldings for cutting into 
required lengths. A mitre block costs from 5s. 
upwards. 

Shooting Board. A similarly-built tablet 
for tbe convenient use of a plane to make the 
mitred ends perfect before gluing them together; 
value, 5s. upwards. Some tool-makers supply this 
and the preceding tool combined ; value. Os. 
upwards. 

Mitre Plane. A smoothing })lane sjx'cially 
designed for “ shooting ” the mitres by sliding 
in a rebate on the “ shooting block ’* ; value, bs (»d. 
upwards. 

Tenon Saw. A fine steel saw, sj>ccially gauged 
for sawing picture mouldings ; value, 5s. tkl. 
uj)wards. 

Cramping Machine. A table witli long arms 
crossing it diagonally, X-shapttl over the top, 
in winch slide four comer gri})pers, controlh'd by 
a handled screw. The frame is plac<*d on this 
cross immediately after gluing up the eorners 
before the glue is set. By turning tlu* sen‘w 
lumdle the four comer grippers <1 ()m* in ujH»n the 
frame simultaneously, and by unitorm pressure in 
cll direotion.s secure the accurac y of tjie H(piare. 
Th(‘ glue then cements the eorncr.s s<‘cur<‘ly in 
their true positions, and before releasing the 
‘ ramps each comer may be permanently fixed 
by driving screws or brads, care In'ing tak(‘n t(» 
koop clear of the face of the mouldings. These 
maehint^s are now almost indispensable to the 
trade, and are mad(‘ in various si/es. A suitable 
size for gcmeral use is known as No. 2 (l^awson's 
latent), and will cramp any size of frame from 
4 in. bv .‘1 in. up to 4 ft. by 11 ft ; value. £2 Os. 
Extenflod size.-! are obtainable, but seldom 
re(|uired. 

Two VVooD-ci'TTiNG (‘hi.sels. For trimming ; 
value, 2s. 

Oilstone, For sharpening t<K)ls ; value, 2 h. Od. 
Oil- CAN. Value, Cd. 

(.'UTTING Bo-ARD. For laying mounting boards 
ujxm while eutting out. Thw has to be of well- 
seasoned wood, well bound, to jirevent warping, 
and must be large enough for largc-siz^’d mounting 
boards. A most useful size and quality is 36 in. 
by 30 in. ; value, lOs. 

Steel Straightedob. Bevelled and rule- 
marked, for mount cutting, 3 ft. long ; value, 
6«. 6d. 

Mount'-ctttino Knife. Value, 2s. Cd. 
T-agrABE. Adapted for glass cutting and for 
mount marking, 3 ft. long ; value, 2s. ^ 


•HOFKKtFINQ 

Ol.azikr s Diamond. For glass cutting ; 88. Cd. 

Glass Pliers. For blunting comers of glass 
squares, and for snapping off narrow striiw after 
cutting ; A^lue, 38. 

Glue-pot. For melting glue ; value, ,3s. 

Glue-brush. Value, Cd. 

Paste-brush. Value, Cd. 

Hammer. Panel-pins (fine nails). Military 
Brads, Screws (fine and light), Scrkw-kyrs. 
Nail-punch. Bradawls (various sizes), and 
usual tool -boxes. 

From the alM)ve list it will be swn that a 
moderate workshop outfit ('an be obtaimnl for 
less than £7. 

There arc other laboiir-siiving eoiitrivaiucs. 
such as mitrc-cutting inaehim*H. meclianieal 
mount -cutters (42 h. and 24s. resfH‘etivcly), and 
heavier machinery^ for large factories, to he 
power-driven, at corrt'Sjumdingly higher prices ; 
but the list enumerated abovi' will fullil all 
workshop requin'inents of a m(id(‘rat(‘ly good 
retiiil businws. 

StocK of Mouldings. Tt will geiK'nilly 
be found wise to stock a variety with small 
quantities, say, two or four lengths of ca(‘h kind, 
according to cost, to start with, a,s tln‘Mc goisls 
are <‘asy to rt‘i)]ac(*. German moiddings are 
cheap and good, ranging from 3d. (J-in. sli|>H. 
(‘ommon (luality) to 5s. length of tt ft., 
the latter for wide and de<‘p mouldings of best 
quality, the average cost for most Haleal>le sizi's 
being from Is. Cd. to 2s. pea* length. Mtmldings 
“ in the wliite,' ready for the gilder s art, may, 
with advantage, be Ktoek(‘d to a limited extent 
at first if making tip own frames, and simt to tin* 
gilder afterwards. Tliesc^ are of betti^r (luality 
than the (hTinari mouldings, and cost slightly 
more, (ilass, thin cut j)ine for back hoards, and 
stout !)rown paptT, eom[)l(*(e tli(‘ nc'pds of the 
framer. 

Capital Required. To a sum of £7 

for worksliop outfit, add £10 hn' mouldings, 
£5 for glass, hack hoards, and sundnc's. £10 for 
pietur(‘H and fancy goods to start the* sho^^' 
room display (mcc |STiodieal market lists), and 
a total of £32 is nwlnxl. Allowing a sum of £H 
for show-r(»om and window fixtures, sign 
board, etc., if tbe beginner starts with tin* 
comparatively small capital of £50, a working 
margin of £10 would be left in hand, which uoulrl 
he sufficient if prospects weTc gesnl. 

PICTURE POSTCARD DEALERS 

Like its near relative the Christmas card. Urn 
picture jK^steard originatexi on the (Jontine'nt, 
and from very small Ix'ginnings ra}>idly 
deveIo})<*d into a flourishing businems long ere 
it took hold of the British public. But to-<lay 
there is not a Kjwn or hamlet in the UniUxl 
Kindgom where the picture [lostcard has not 
penetraUxl. 

Local views are, of course, the primary subjei ts, 
sUK’k of which it is safe always to keep ; but 
every conceivable sphere has been exploited to 
provide a novelty, and not a day passes without 
some new design being producMl. It goes 
without saying that there has been a steady 
and distinct advance in the artistic quality of 
the work produced. 
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Stock to Buy. Although in every town 
of any considerable size there are one or two 
shops where nothing but cards are sold, the sale 
of picture postcards is not confined to any trade, 
but may be undertaken by anyone who has a 
shop or a window to show them, and no special 
training is necessary for the sale of them. The 
terms on which the cards are bought are advan- 
tageous to the retailer. As a rule, he can 
purchase good saleable cards at a discount of 
33 percent., and if in good quantities, at oO per 
cent. The most popular selling lines are the 
penny and twopenny, and these can be bought — 
and first-class work they are— at 8s. and Ifis. a 
gross. Every now and again, however, the dealer 
will have from some publisher the offer of a 
surj)luH stock of cards which have fallen flat 
on the market, and lie may be tempted by the 
apparently exceptional value offtTcd — sometimes 
a t(5nth of their supposed value. He may be 
induced to buy, and may do well with tnem, 
oven supposing he may fail to clear them. But 
the chances are that he will very soon find that 
(he transaction has resulted chiefly in the 
transference of stock from the cellars of the 
publishers to the sh(‘lves of th{‘ r(‘tailer, w'ho, 
as a rule, has sufficient remainders of his own 
to satisfy the most ambitious. 

Local Viewa. At on(‘ time it was a veiy 
good idea to get up a s(*t of local view cards, con- 
lined entirely to (me dea!(T. These, of course, 

( ost mon* than if tiny had been selected from the 
stock of the w’hol(‘sa!cr, as the retailer had the 
)hotographs to provide, or pay for, and, as a rul<‘, 
uwi to take a fairly large quatdity. Now, it would 
1)(‘ a mistake to do this. The (juant it y necessary 
to s(ieure the r(*strietion is generally too large 
for most (listriet>( ; and so many houst^s have 
views of nearly all the principal plae(‘s of inter(*st 
in th(^ n(Mghl)ourhood that a much b(*tter 
\ai‘it‘ty eati be obtaim‘d, and at a mueb 1 ow(t 
price, by smiffly sehn-ting from stock. It is not 
necessary to order large quantities of any single 
card— you can always semd repeat orchTs, and 
new views can la* addl'd as th(*y (’oim* out. 
Quite a good trade can be done by arrangement 
woth prinb’rs, whereby cuslom(‘rh' own photo- 
graphs for private eireulation can be pruU(‘d 
on postcards. This trade is fairly profitable, 
and has the speeial recommendation that (hero 
are no “ remaindt'rs ” or bad stivek. Again, 
if the d(*a!('r be himst'lf a “ knight of th<* 
eanuTa’'— and who is not, nowadays ?- -he 
can utilise his aeeomplishment in some interest- 
ing local event, print off his cards, and sell them 
while the ineid(‘nt is still fresh in the memories 
of his eustomers. There is no need to mak^* 
sugg(‘stion8 here, as each district will n^adily 
supply its own incidents. 

Stock to Avoid. The picture postcard 
has come to stay. It may readily add<‘d 
as a valuable adjunct to almost any busi- 
ness, especially to tliat of the fancy stationer, 
who will find in it more than a compimsation 
for the deert^ase in the sale of notepaper. For 
there is no doubt that since the advent of the 
picture postcard letter WTiting has to a largo 
cxUmt gone out of fashion. 
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Now let us give a word of warning. In 
order to retain and develop this business, 
which is at once a source of pleasure to the 
customer and of profit as well as pleasure to 
the seller, all dealers should beware of allowing 
anything vulgar, indecent, or suggestive of 
inciecency, to creep into stock. There have 
been and there are such cards on the market, 
and there are dealers vile enough to engage in 
the traffic. The British public is clean minded, 
and will on no account tolerate this. Nothing 
will more quickly kill this business than the 
publication and sale of such filth. The Stationery 
Trades Association is aw'are of this fact, and, 
we are glad to note, has taken up a strong 
position in regard to it. It rests with dealers 
themselves to he vigilant in stamping it out, 
and they will find that they have, as a rule, loyal 
allies in the magistrates and police throughout 
the country. 

PLUMBERS 

Tile business of a plumber is one in which 
scientific knowledge must bo wedded to mechani- 
cal skill. The days when meehanieal skill was all 
or nearly all of the plumber’s qualification are 
passing swiftly. Mechanical and physical science, 
the principle's of sanitation, ventilation, and 
w'ater supply, and more than a smatU'ring of 
chemistry, are elevating the “trade” into a 
profession, and the increasing appreciation of 
the n'quiroments of sanitary science is bringing 
to the expert plumlier some of tlie recognition 
w'hicli is his due*. 

Apprenticeship. Apprenticeship formerly 
lasted seven years, but for some time there 
has been a tendency towards its curtailment. 
Five years is now' not uncommon. When 
appr(*nticeship in Oic workshop is united to 
technical and scientific instruction in the 
ev(*ning, the jiri'sent-day five* years’ apprentice 
emerg(*8 mucli better (‘(piipped than the former 
seven years’ man. Premiums an* common in 
tlu* trade, but not universal. Tliey vary from 
£5 to £5t), and the wages from 28. fid. to fis. 
j>er week during the first year to from lOs. 6d. 
to 2(>s. during the last yi‘ar. 

Associations of Plumbers. For some 
years tw'o bodies have been striving to load 
the members of the plumbing craft in Groat 
Britain— the Worshipful Company of Plumbers 
in London, and the National AsscK'iation of 
Plumbers witli headquarters in Hull. The 
former bixly are to Ix^ congratulated upon 
being one of the few London livery companies 
w'ho are now' taking an interest in the craft 
from w'hieli they derived their origin ; but on 
account of the manner in which they have 
sought to secure ruling pow'ors over the trade 
their efforts liave been regarded w'ith cold 
neutrality by sanitary and other representative 
bodies w'ho might have furthered their aims. 
Opposition also has been strong, and the tide of 
battle seems to be favouring the National 
Association of Master Plumber**, composed ( ^ 
practical men who know what they want, an’^ 
who are more likely to lead the plumbing trac*''^ 
into professional recognition. The Associatic'^ 



wa» formed in 1895, and registered two 3 rearR 
later. Tne objects of the original society, 

(a) To improve the status of the trade by schemes of 
education for employers, operatives, and approntiofw, 
and to act in conjunction v\ith any or all of the exist- 
ing educational authorities for the purpose. 

(b) To establish an official organisation having 
authority to represent the craft of plumbing, and 
managed by persons bona fide in the trade, to act on 
beh If of the trade in its relation to the Government, 
county councils, municipal and other lo<»al authori- 
ties, associations of architects, and all other institu- 
tions having any connection with the plumbing truae. 

(c) To organise and to bring into existence local 
cKsociations or branches of tlie national l>c ly for 
the purpose of dealing more readily with mat -ers of 
a purely local character, and generally to croaro and 
maintain a brotherhoo<i and community of good 
fellowship amongst all engaged in the trade. 

The association is being reconstructed as wo 
write, and Is acquiring additional powers. It 
Ls proposed to give it a new title — the Institute 
of Plumbers — and to raise it to tho dignity 
€*njoyed by the Surveyors’ Institute, tho Insti- 
tution of Civil Engineers, and tho Sanitary 
Ini-titution. The Board of Trade is, at the 
moment, oonsidoring the proposed constitution. 

Tilt' new institute will have power to deal 
with examinations in plumbing, hut in the mean- 
time it c*o-operaU‘S with other associations in 
a joint (examination schem(*, syllabus of w'hich 
ib appended. 

Technical Instruction. Instrnetion m 
plumbers’ work may be had at technical scIiooIh 
and institutions throughout the kingdom, and 
the fees are merely nominal. Examinations 
are held annually at tin* K’hools where instnu*- 
tion is impart(‘d, and cortiticate award i are 
made by the examiners of the (’ity and tJuilds 
of London Institute (Depart m(*nt of Technology), 
South Kensington. 

Students who compete succi'ssfully in the 
written examination rec(*ive a certificate in 
the “ IVinciph^s of Plumbing. ’ Tho^(* who pa^s 
in both the writUm and tlie practical sections 
are awarded a certificate for J’luinlxT's Work ” 
Students are recommend(‘d to attend a two 
years’ (jourse of instruction befon* pn'senting 
th(*mselves for the preliminary examination, 
and those who consider themsclvcH eom])eU*nt 
may enU*r for the ordinary grade examination 
without having attempted the nnre elementary 
part. 

RegiMered Plumbers. Examination by 
the Plumbers’ C'Ompany secures the qualification 
of “ Ti gi t('red plumber,” but this City company 
has decided to cea-'C holding examinations. Most 
of tiie m -ster plumbers who hold the cerliticate 
of reiistrition have, however, secun*d it by 
** test’monial’* and not by examination. It is 
probable that the examination of the City and 
Guilds of London Institute, mentioned al>ove, 
will entitle to the degree — if it may bo called 
so—of registered plumber. It may l>e added 
that the wearer of the title “ registered plumb(‘r ” 
po sctses no specific privilege's above his fellow 
who has not earned the right to the title. The 
title which may be assumed by j)luml>er8 
who shall have passed the examination of tho 
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new Institute of Plumbers will be member or 
associate or certificated plumber. 


CITY AND 

GiiLDs OF London institutk 
PRELIMINARY KXAMIN.VI ION. 

l.\iinually, in April. Fw, la. 1 
Tho proliinmary cxanimntion is w niton only. 

1. \\VrkfiIiop aril liniotic, gooiiiotry, and dra\^i^g. 

2. Elementary soienoo for plumk'rs. 

3. Alloys, solders, eto. 

4. Workshop applianoos and the principles of their 
action. 


ORDINARY GRADE. 

[Ammally. m .April. Ft'o, Is. Od,] 

Wrilton and pnu'tical. 

1. Elementary scu'tioe for pliimlxTS. 

2. Dra\Mng» for pluinhers. 

3. Prof^ortK'M ami iis(*m of materials. 

4. .Moehnmeal appliances and tho principles of 
th(*ir n<*tion. 

/). External ri>of work. 

6. Ht>t water apparatus. 

7. Sanitary appluinci's in common usa, and tlm 
prtiicifdes of thtnr action. 

H. Drnmagi*. 

U. I^rai'tical test in marking out and riittirur <*tT 
sheet lead ; lu heuding pijxw of f?‘oni 1 } m to 3 m 
ill diameter; in joiiniu! leail pipes with w iprd 
Boldt'nnl joints, ami in l>oMSing lead. 

HONdURS GRADE. 

[.AimualK . in May. Ere. ‘is. If l lie w ritleii cnmimi- 
imtion only is takon. tho h'o is la. (id.] 

Writ I on and practical. 

I. ll'a/ri. Qualitu'S and properties of wntc'r fnim 
d(s*p wells, hIuiIIow wells, sprinijs. and (dlier houi’cs 
water storagi*, liltration, geiiiTal ilisti daiiion. and 
amiiitrcnicnt of H<'r\ iccs m biiil(liiuj:s, flow tlirougli 
pipes, loMs of lie id, and retardation ly bends mid 
iiraiicli pipes. 

2. und Spi vit'Cation^, Picpuration of plans 

and Hpe(-iticati(»iis for gi'iiorul plumbcrH’ work mid 
boUHo dram eonstruci ion. in coiiqiliarico with tla^ 
1(K’«1 waiiitary aul Imnt ic«' by-laws and rci^ndat ions 

:f, tUttrnal Ivimf M’oril'. Details of covering 
domical end turret roofs, flnnds, Mmisard curbs, 
making plain and orrianumtal rain-water pipes an<l 
h(' ids, lend buinitig. 

4 The llurcion/ nf nuildithie. Heating by bot 
water and Htcam, liigli mid low pn*HHur<'. mid bot mi. 
Amount of lioufiug Miiiftao rcipiiicd for rooms mid 
buiklings of dillcrciit si/es. I’rmeiples of bi'aliiig 
waller for domcHla- use by steam beaters, etc 

Sa)iifor ! .] iipltaiirt H. 'Pbeir arrangement mid 
posit KUi in c| w clbiig-bouses, bospit>ds, mid public 
buildings. Principles of const rncl loii. Met bods of 
autoinaticidl V nMiiovmg groaso from traps, and 
tliisbing public cfuiv cnierices and flrmns. J'hitry of 
tald, storm, and oUicr waters into buH(Mncnts of 
buildings, and the proveidion of Ham(\ 

0, V'rvtilution, V'crililafmg apparatus for apait- 
inents in dwclling-liouH»*s niui piiblio bnildiiigs in 
wbifli sunitury fittings are fixed. Systems of 
nie< hiinicul ventilation, and metbods for wasbing 
and piinf\ing mr, vcnfibitmg stoves, etc. 

7. lJrauia,f€, i'nnctpics and construct i<ai of liouse 
drainage* witfi disconni'ct ing unrl inspection ebarnbers, 
gullies, intercejitfjrs, and other traps, V'entibition 
of drains and soil-pjpes, etc Drain testing by 
w’at<T, smoke, ebernicul substames, and air f»r<*SHurc. 
Simple inetb(Mls of sewage disposal for isolated 
country bousi'S. 

8. Prartinl Teel. Rending lend japes of nil sizes ; 
joining them by wdped soldenul joints without the 
use of lainj> or gas-jet, or by lead burning, m muc b 
jmsitions ns W'ould ocr ur m pructiee ; lK*HMmg lea<l 
tst n given form, and any other piece of plumbing 
work. Practical U'sts an* held ltK*ally only if five 
candidotes ent<*r. If h-ss than five enter, sjmciul 
arrangements arc made. 
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The Plumber iu Bueinee*. The busi- 
ne«fi of a plumber w not one demanding a 
large capital, unless it be attempted on an 
ambitious scale and with largo stock of material. 
Nowadays, many plumbers’ businesses arc run 
from an office only* without work:hops or 
warehouse scoommodation It is becoming com- 
mon to do all plumber work on or in the build- 
ings in course of con. -traction or under repair, and 
the plumber merely draws upon the manufac- 
turer or plumber’s merchant for supplies as he 
requires them, and returns any material left over, 
the workmen employed providing their own 
manual tools. 

A buHin(‘HH run on these linos is possible only 
in a city or very large town. The country and 
provincial plumber must have his shop fitU'd 
with benches and some shop tools. Even the 
city j)lumber who does a jobbing trade must 
also have liis ^bo]^ and warehouse. 

Th(‘ jobbing tradt‘, b<‘ing 1 he most remunerative, 
should be cultivated. ^Plu* prieo got for labour 
represents a large* profit uj)on its cost. The 
wiiges of woi'kmen vary from fd. p(T hour in 
some country districts to lid. per hour in 
London, and their hours from 47 in London to 
obj in honu* country towns. The price charged 
for labour, (‘ven in towns on the lowest scale, 
is Ht‘idorn less than lOd. an hour, and in London 
n charges of Is. fid. an hour is not uncommon. 
The jirofiti. on material are also good— from 
to HM) p(*r cent, on eost price.;— when 
the W’ork is ordinary jobbing, hO that the plumber 
with cv(’n only half a (loz(*n men in his employ 
may make a \ery good thing out of hi^ busim'ss. 

Estimate Work. Ni'w work is seldom 
secured othcrwis(‘ than by competitive tender, 
and in rno*t districts sindi work is cut down in 
price initil profits are bare or non-existent. 
The m‘w man must take a hand in this 
game of “ bcggar-niy-neighboiir ” if he would 
establish himst'lf. He has the advantage that 
in his (‘agerness to make a business he will work 
hard himself, and exereiso a stricter sujrer- 
vision than his competitor claiming earluT 
establishment. Thus, lie may lx* able to make 
a profit when the lirm in a hunger way could not 
l ome out of the job with a profit. On the other 
hand, he maybe under the disadvantage of not 
being familiar’ vith the priu'tiee of the arehiteet 
or clerk of works, who may put him to 
expense by the arbitrary enforcenu'nt of useless 
clauses in tlie spwitication. 

A non •remunerative job may oftim bt* made 
to pay by the extras^ and a knowk'dge of the 
habits of an architei’t in adliering to the details 
of his sfieciHcation is >vorth having when tender- 
ing for work under his charge. 

Allies of Plumbing Proper. The term 
])iumhing lias come to be wider in its scope 
than the mere working in lead, and house sanitary 
fittings, which was tin* origin of the name. It is 
usually allknl to gas fitting, and hot w'ater 
fitting, and sometimes to tlie instiillation of 
hydraulic plant, to the work of an eUnTrician, 
aiid to tinsmithing. It is probable that from 
the various tradesmen engaged upon the 
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installation of sanitary, ventilating, and heating 
apparatus, a new profession — that of the domes- 
tic engineer [see page 2218]— will be evolved. 

The Merchant Side of the Eusinee*. 

Development of the merchant side of the 
plumber’s trade is usually wise, particularly 
since the trade in incandescent gas fittings 
began to assume its present large dimensions. 
The plumber who keeps no front shop 
neglects an important means of feeding the 
working department, and allows to go to other 
shopkeepers trade w'hich he might easily have. 
In such things as sanitary fittings, the best 
method of display is to have a showroom 
arranged with samples of the best style of 
lavatory basins, baths, and closets, with water 
supply connected up. These samples shou'd 
meet the demands of modem ideas on th^ 
sul>ject of sanitation. Tlie sum of £50 plus 
the labour w'ould pay for fitting up a very tine 
show-room, say, two baths — one of the shower 
type — three or four lavatory basins, a similar 
number of closets, and perhaps a foot bath. A 
tiled floor, and walls of tiles, or of “ Emdeca,” will 
add to the expense, but may be worth it, and 
will make a handsome sanitary show-room sure 
to attract custom. The tile fitting can be done 
in bis slack hours by any workman sufficiently 
exp(*rt. From the roof should be suspended some 
samples of gas pendants, and brack(5ts should be 
mounted on the walls. It is unnecessary to 
(‘arry heavy stocks of sanitary and gas fittings. 

Stock of cisterns, faucets, unions, and plumber’s 
brass work must, of course, be held in a fully 
(‘quipped plumber's business. In the sale shop 
and windows the public' should be shoum the 
latest things in gas lighting. Excellent use is 
souK'times made of tiny models of sanitary fit- 
tings in the window. The competition of tlu* gas 
compani(*H— municipal or othc'rwise — may qualify 
the wisdom of stocking gas litlings upon a heavy 
scale, but gas mantles and otluT aecessoric's 
of incandesc'ent gas lighting can lx* sold freely 
in spite of all the eompe'tition which companh's 
and corjiorations can bring. 

Buying. 4’li<‘ plumber who k(xp-i stock 
of plumbing materials can usually do better in 
bis purchases than the nu're “ office ” plumb(‘r. 
He is not tied to the merchant so much, and can 
draw’ many of his supplies from the manufactun'rs, 
then'hy securing keener prices. The terms 
otiered by both merchants and manufacture s 
differ. When tht' standing of the plumber is 
known to be good, he* can usually get three 
months’ credit, or should he pay monthly or at 
shorter date — always an advisable course when 
it is possible — he will .secure better terms. 

Gas Cookery. A department whieh at 
one time gave promise of developing to the bene- 
tit of the plumber is that of gas ccxjking and 
heating stoves, but the policy of hiring these 
appliances and of fitting them free of charge, 
w hich has been adopted by gas service companit's, 
has killed whatever promise* there was. There- 
fore, except in a few* exc(^tionally favoured 
districts, the plumber is wise in leaving this 
department sever 1y alone, reserving his energy 
for matters more likely to be remunerative. 



Acetylene Plant* The scale and in* 
stallation of acetylene lighting plants offer 
scope for the enterprising plumber in the pro- 
vinces. The work needs a good knowledge of 
^e principles of acetylene generation apparatus 
and supreme care in its fitting. The man 
who malkes himself an authority on the subject 
has at command a means of making good profits. 
There is not, for the work, the competition 
which prevails elsewhere. The prospect of 
securing business from the o^^mers of country 
mansions and farmhouses is very good if 
energetic efforts be made to obtain it. These 
efforts may l)e made in the distribution of cir- 
culars, in personal risits, and by the exhibition 
of acetylene apparatus at local exhibitions. 
The purchaser of a plant becomes a constant 
customer for carbide of calcium, tlie storing 
of which, however, requires a knowledge of (he 
legal provisions governing its .sale. 

Work for Public Bodies. Some muni- 
cipalities, large institutions, and local educa- 
tional authorities offer the work of keeping 
their pnmerty in sanitary repair for public 
tender. To (*stimat<‘ for such a work is a pure 
gamble. A severe m inter may involve in a hi*avy 
loss the plumber who s(‘eures it, and a favourable 
yt'ar may enable him to (ome out of the eon- 
tract fairly well. The wisdom of entering the 
eomiH‘tition for such work depends upon several 
conditions. If the plumber be a man of very 
small capital, he will do well to refuse to look 
at it. There may Lk‘ eireumstanc(*H when it is 
politic to risk the loss, but even this is quest ion- 
abl<\ 

Textbooks. In recommending ti'xt books 
for plumbing students, we cannot do better 
than enumcTatc the works of reh'rcnce suggest (‘d 
by tJie Department of 'rechnology of the (’ity 
and Ciuilds of Ixmdon Institute : “ The Plumber 
and Sanitary Houses,'’ by Hellycr (Hatsford. 
12s. bd.) ; “ Standard I’raf’tkal Plumbiiig, ’ by 
])a\ie*s (S])()n. Vol. i., 7s. (id, ; V’ol. ii., KM (id. ; 
V(d iii., bs.); “Building Const ruction,'' by 
.Mitchell (Batsford, (ki.); “Treatise yn 

Warming Buildings, " by Hood (Spon. ITis.) ; 
“ Hydraulics,” by lh)X {S}M)n. bs, ) ; “ Hot Water 
Supply,'’ by Dye (Spon. 3s.) ; “ I*umT) Omst ruc- 
tion,”" by Bjorling (Sp()n. 5s,); “Plumbing,” 

by Hellyer (O. Bell & Sons, .^s.) ; “ Domestic 
Sanitary Drainage,'’ by Maguire (Kegan 
Paul. 128.); “Plumbing Practice,” by (’larke 
(Batsford. 58.) ; “ Metal Plate Work,” by Mi 11 is 
(Spon. 9s.); “Hydrostatics and Pncumalics,” 
by M gnus (Longman. Is. Od ) ; “ Extern d 

Plumbing Work,” (I89b), by J. Hart (Scott, 
Greenwood & C’o, 7 h. 6d.) ; “ Water Supply,” 
by Thresh (Rebman. 78. 6d.); “Plumbing and 
Sanitation,” by Davin & Dye (Spf>n, 55 h.) ; 
“ Hints to Plumbers,” by Hart (S<'ott, (iresm- 
wood. 78. ed.); “Pumps,” by J. W. (’lark 
(Bataford. 3s. 6d.) ; “ Hydraulic Rams,” by 
J. W. Clark (Batsford. 2s.). 

POSTAGE-STAMP DEALERS 

In stamp dealing it is practically impossible to 
know eveiy stamp issued, but a general acquaint- 
anoe with the postal emissions of all countries 
is a necessity. It may be assumed that a 
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young man desiring to enter the stamp trade has 
had his thoughts turned in that direction by a 
familiarity \nth stamp collecting as a hobby. 
Knowledge gained from forming a colk»ction of 
hia own will stand him in good stead in the 
business. If the pras^HJctivo dealer has not this 
experience of 8tami>a. he will have to start col- 
lecting judiciously, lK*aring in mind that the 
collectit)n he is forming will ultimately iH'como 
his stock, and ought to yield a substantial 
intere.st on the money invested in it. He will 
get his elementary knowledge from the various 
primers sold, along with winch he must study 
the priced catalogues i.ssuid by other dealers, 
and watch tlu^ Muel nations in tlie jiru'cs. not so 
much of individual stamp.s as of ela'*si‘s of 
stamps. 

Assistants in Small Shops. If the 

iK'ginnt'r has a moderate knowK'dgt' of staiups, 
a position might U' obtained as an Jissistiuit in an 
ostahlished iirm. Tls'se o]H'nings in tlu* highest 
class lirms are extu'inely rare, howi'vi'r, so 
it is likely In* will have to 1 h> conlent \Mlh serving 
a small deader at a remum'ration of 2(M. to 3l»s. 
a W(‘ek in order to gain e\|M‘rienee in tla^ hand- 
ling of stamps. A warning imiy be urgiai hc're 
that he should not allow himself to Ik' Ird away 
by the lack of busim'ss uu'IIkkI displayesl by 
many small dealers. He had better spend his 
evenings after work in stmiying boolil;ee})ing, 
and the sysUmis of card iml<‘xmg, adviTtiseiiumt 
writing, and, u hc‘H‘ ]>ossibl(‘, in attiMiding displays 
of fine collections at the* meetings of tin* lix'al 
philat(‘lie six'it'ties. 

Shop or Office? In lOngland, most of 
the stam)) businesseH have* shop premises, 
although a very hirge portion of (heir work is 
deme* by (‘orre'spondenee. A few highly sueet^ssful 
ones are* eonduet4*d postally from jirivate ad- 
(lr(*HS('H. Ill Ame*riea, the busme*Hses are mostly 
earrie*el on from office's iiiistairs - many of tlu'tii 
neee'Hsitating a journe*y in an “ <*xpreHK vU vator ” 
to re*.u‘h Ihe'rn. One* Boston firm lias rne't with 
eeaiHide'rahle HUceesK in i*mploying a travelling 
sale'sman, who visits private e(»ll<*etorH, eustome*rs 
of the firm, all ove*r the* llmtexl States and 
Panada, taking with him se'lex'tions of (he* finest 
things in stock at the? time. 

The Cheap Packet and Approval 
Sheet Trade. The*r<* are* three distinct elaHse*’i 
of stamp trade on which one* may embark, ac- 
cording to capital and knowlexigej of (lie suhjejct 
on the part of the int4*nding eleale*r, 'I’hei tnide 
in packetH and low-pricexl approval she*etH, or the 
“ bery trade?,” can lx? starUxl with a vetry small 
amount of stamp knowlexlge*, and only a fe!W 
fxiunds of capital. The? profits are high, but the 
buHinc'HH is not great. Doing this edass of business 
postally from one’s horaei adelress, a capital of 
£10 would suffice for a start. One main feature of 
this busim^HH is tliat the packets — which must 
contain good value — are the chief means of 
intnxlucing approval «h€x^t business. 

Capital and Frofita. In this class of 
trade a third of the £10 capital might go to the 
purchase of stamps for retailing at Jo. to Is., 
and a quantity of cheaper stamps for enclosing 
in packets. Another third should go towards 
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supplying the dealer with a stock of ruled and 
Kpaced approval sheets, small envelopes for 
packets, gummed hinges for mounting the 
stamps on the sheets, and a few other trifling 
requisites. A portion of the remaining third 
should be devoted to one or two small advertise- 
ments in papers which reach the class of cus- 
tomers whom the dealer is trying to interest. 

Stamps for retailing at Jd. on cheap approval 
sheets may Ik* had from wholesalers at from 4d. 
to as much as Is. (id. per I(K). Stamps to sell at 
Id. and 2d. each are about double and treble 
respectively in wholesale price. The wholesale 
late on stamps for retailing above 3d. and 4d. 
each do not yield quite the same profit, but they 
repres(‘nt better returns. The profit on this 
trade should work out at not less than 4() per cent. 

The Small Shopkeeper. To start a 
small shop entails a considerably larger capital. 
It could he done with from £50 to £75. The 
nucleus of the stfKjk of stamjis is generally the 
collection formed hy the proprietor before 
entering the trade, a ])ortion of the monetary 
caj)ital going to purchase small wholesale lots 
for making up into ])acketH and for making a 
window dis])lay. A stock of accessories in the 
way of aihiims, handbooks on stamp collecting, 
twe(‘ 7 .erH for handling stamps, gummed hinges 
for mounting Hpeeim(‘ns, and other gofids will 
1)(* re(iuir(‘d. Sel(‘ct a small shop on the shady 
side of tiie street if possible, as the colours 
of some stamps — viol(‘ts, purples, blues, etc. — 
fadi* (juickly if exposed to (‘xeessive light, and 
much good stock may 1 k‘ spoiled. Another 
important thing to consider in taking a shop 
is to g(‘t it in a good husiiK'SH quarter — 
\vht‘re much fonu'gn Inisiness is conducted — so 
th«it you will get opportunities of buying good 
stock cluNip and first hand, flerks and business 
men will often look in with stamps for sale, and 
in this way you may pick up some good things 
nnd sell Uu*ni to other dealers, or keep them in 
stock for your own euHt»)mers. Small dealers 
often get rare stamps in tliis way for which they 
have no customers, so they s(‘ll them to a (h'aler 
who has tustomers for tliein. It ))ays the small 
deal(*r to g(‘t a quick turn()v<*r hy selling m this 
way, and the man with the customer for he 
rarities can command u very high profit, as much 
as 400 to 500 jht cent, in many cases. 

In the stamj) trade sueeessful buying is us 
important as successful selling. Jt is more 
difficult to get good stamps than it is to sell 
lh(‘in. A dealer should get into tomb with 
eorrespondiMits nil over tlie world who will 
su]»ply him with stamps dirwt. Advertise- 
ments in papers witli for(‘ign circulations will 
help to form such a conno<‘tion. 

Have a Speciality. The small shop- 
keeper will find it worth his wdiile to have a 
speciality. That is to say, that while not neglect- 
ing tt> keep a representative general stw'k of the 
world’s stamps (that is, as representative as his 
capital will allow), he should also make a special 
feature of one country or small group of coun- 
tries. He should thoroughly master the study 
of the stamps of the country or group selected, 
and stock them well. In this way he will come 
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into contact with customers who are forming 
specialised collections of that country, and his 
sales to these collectors should be considerable. 

The Question of Prices. With regard 
to prices, there are certain priced catalogues of 
dealers’ stocks issued annually, or at slightly 
longer intervals, which have come to be recog- 
nised as reflecting the approximate values of 
nearly every stamp known. These catalogues 
are extensive and valuable works of reference, 
and are indispensable to every dealer. The 
catalogues are published by big firms with heavy 
expenses for large and centrally-situated shops 
and highly-salaried staffs, and these have to be 
paid for by the sale of the stamps at good prices, 
TVoprietors of small shops, with but trifling 
expense for paid assistance, can afford to sell 
a very large number of stamps at less than 
catalogue prices. The small dealer will have to 
decide what discount he can allow off stamps 
according to the prices he has to pay for them in 
the first place. New issues, and current unused 
stamps, cannot be sold much, if at all, under 
catalogue quotations, as there is usually only 
10 per cent, above face value charged u]>on them, 
and the cost of importation and handling has to 
be deducted from this 10 pt*r (‘cut. 

Stamps to Stock, In Great Britain, the 
class of stamps wliieh must chiefly he stocked by 
the small d(‘aler an* old English stamps and 
British (’olonials. Probably alM)ut 75 i>er cent, 
of a small dealer's ruslom<*rs wnll he collectors 
of British ('olonial stamps only. I’nfortunab'ly, 
th(‘ old trade in fon‘ign stamj)s (as distinct from 
C’olonial issues) is not as it uswl to l)e. An 
American cl(‘aler will have to stock both the 
United States (with Colonial possosHions) and 
British Colonk's. Hawaii, Culm, Porto Kieo, 
Philip])ineK, (Uiam. ]\inama, and South American 
States aie in good demand in the United States, 
as also are the issues of the Haytian and 
Dominic.in Pepuhlics. 

The Importance of Condition. An 

all-imj>ortant p(.i it for the deaU‘r with a medium* 
class trade is to see tc» the condition of his stamps. 
A thorough philatelist insists on absolute ]h r- 
f(‘(‘tion in every staru]) purehast*d. The colour 
must not have lH*eii faded or the paper stained. 
No ]>article of the jH'rforated edge may la* 
missing, and if the stamp has been through tin* 
post, the fastidious customer will want it only 
if it has a light or clearly impressed postmark, 
and not an inky smudge. If unused, the gum 
on the Iwick should l>e in its original untouched 
state. There is little or no sale for damaged or 
soiled stamps. 

The High-clafte Businesa. To conduct 
a high-class stamp business a largo capital is 
required ; though, of course, w’ith persevering 
hard work and a little daring, such a trade might 
easily grow' out of the beginnings described in 
the case of the small shop proprietor. The 
first-class firms all hold very extensive stocks, 
large portions of which must necessarily lie idle 
for years. They also ket*p deposits with a 
number of foreign postal departments to secure 
a good supply of new issues as they come out. 
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Advertising is another big item hero, as the firm's 
name has to be kept constantly before the minds 
of the stamp-collecting public. 

Stock, Premises, and Staff. In 

addition to the more comprehensive stock of 
stamps, he will require a more varied assortment 
of albums, handbooks, and other accessories. 
His shop fittings will be more elaborate, and the 
shop will be situated in a thoroughfare frequented 
by the well-to-do. A private office in which the 
manaiger can interview important customers, 
and transact “deals" which require diplomatic 
secrecy until effected, vaW lx* necessary. A sho]) 
manager at £3 to £5 a week, and a shop assistant 
at £1 to 30s., will probably be required for 
counter sales. A staff of girls, at 15s. to ‘25s. 
each per week, will be employed making up 
neat, attractive-looking ])ackets for sale from 
Is, to £15. Clerical assistance will also Im' 
required. 

Stock Keeping. Most leading dealers 
have wholesale stocks, and can supply wholesale 
as w ell as retail. Heavy stevk of common stamps 
may be w^arehoused, but stoc ks of us(‘d or unused 
gcKxl stamps, if laid aw’ay for a rise in value', will 
have to l>e deposited in a safe vault. The 
genc'ral stock is kept in big stock books, H\i)>plic‘d 
WMth shelvcfl strips in which the stam]>s arc all 
classified. From these big st(K‘k books the 
shop counter and approval books (usually onc' 
and the same, counter books In'ing sent o\it on 
a})proval w'hon first made up) are eomi>iled at 
intervals as required. 

Approval Books. Thes<' IxK^ks will 
contain stamps of individual oountri('s, and each 
book will have to Im' made ui> by m<‘n who hav(‘ 
knowl(‘dgc of the particular country. Paynu'nt 
for such work, if done at home, vari(‘h from £1 
to £3 JMT lM>ok for the smallcT countries, and 
£.5 to £10 for the nKjrc important ones. A book 
when made up, with notes pointing out tin* spec ial 
features of the stamp, will be priced by the head 
of the firm, or another responsible inenilMT of 
the staff, and the book will be sent to the most 
iinjM>rtant customer known to be int<*rested in 
the slamp.s of the country. He will ])ick out the 
" plums," the book will then lx* sent to another, 
and so on. Or if thc*re are no syns-ia lists in that 
particular country's stamps on the firm's lists, 
the IxKjk will lx* plac(‘d in the safe, and jinxluced 
whenever required for counter sales. 

Followinjg Up Rarities. Tlic pro- 
prietor of a high-class business must lx* in 

following up the scent when an important 
collection or a great rarity is for salt*. If a firm 
sell a £l,fKK3 stamp, even on commission tc-rms 
at 10 |H*r cent., it is a gotxl deal, and l^rings 
credit and advertisement to tlie firm. A c(»l- 
lector is greatly influtmeed in favour of a d<*aler 
if the latter secures for him a s|x*cimen for wliich 
he has hunted everywhere else in vain. Tie- 
lea/hng dealer must devote his !x*Ht eneigies to 
tracing and setmring the rarities. Siit h stamps 
need never be put into stock. As soon as they 
are found, there are purchasers eager for them to 
complete their collections. The sptx-ial fancies 
of every customer of note w ill lx; familiar to th • 
dealer, so that he knows where to plat^v every 


uncommon variety as soon as it turns up. In 
fact, a cord index should Ix' kept of collectore* 
addresses ami the countries in which they are 
mtcrcsteHl, what their collections contain, and 
what they lack. Want lists will bo solicittxi 
from all collectors, and must Ix' executed as 
far as possible when they come in, and the 
remainder fiUxl and inde\<*d to supply at the 
Hist opjxjrt unity. 

Trade Discounts. If one deak'r send 
to another for a stamp which the first wants foi 
a customer he is generally allowt*d a discount 
of 10 per cent. 'I’lus is also the discount allowxxl 
on a large sale on commission, while a similar 
transaction in a small way would lx> worth 
‘25 jx‘r cent. 

POST OFFICE SUB-AGENTS. 

A distinction mu>t l>c drawn Ix'twccn a dis- 
t ’ ict office, a branch offici*, and a suh-oflici'. 'I’he 
first two arc comph'tely under (Jovernment 
control. 'Pile wliok' of the office is devoted to 
postal work, and the wages, hours of labour, 
and holidays of the employees come under th«> 
n‘giPationH of the l’ostmaster-( lem*ral. For 
yiartieulars of this branch of the ('i\il Service* hw 
"T he Post Ofliee Ser\i(*(‘" l}>age 2S07|. 

A Sub-office. We are hei('. however, 
dealing with a (lilburnl kind of postal work - 
that of a sub-othi'<* which is nmlei a distru't 
ofliee, and is undi‘rtnki*n by a shopki'ciXT as 
an addition to his ordinary tradt‘. Such a 
combination offers distim't advantages to him. It 
introduces custonieis, who, when onc(‘ on the pre- 
mises, tak<‘ tin* opportunity of making purcliasc's. 
Then, flu* profits readied from the ])osfal defiart- 
ment are by no means to be di'spised. 

Naturally, certain lai'^inesses are tabooial by 
tin* authorities. In villages thi* ofliee is fre- 
quently located in (In' sho[> of a general dealer 
or draper, but in towns or hurfairban distretH 
those most favonnal an* ehemisfs, stationers, 
eonfeetioiiers and gnu'ers, ; nd somel irnes, though 
rarely, baki-rs. A post -ofliee, for obvious 
r<*aKonH, is se ldom gi anted to a man holding a 
lieenee for the' sale of wim*s and spirits. Oeea- 
sioiially the grant is witlidrawn; it would 
1h* so wen* gambling or betting known to take* 
])laee in the shoj). Only two months’ notice of 
withdrawal ot the grant is give^n, and no eom- 
jiensulion or jn'iision is forlheomiiig. 

The Grant from Government. The* 
methoel of jiroeedun* follow ed by a slioj»k<*<’|>er 
wishing to add a post-otliee to his r)r her businchH 
is to send to the* authorities a petition signed 
by the* local residentM. Sneli ii petition would 
lx* available for nignatun* in the shoji, and would 
naturally indicate the ne-ed for, and (lie advan- 
tages of, such a grant. In a growing neighlM>ur- 
hoexi sev<‘ral stu li jx'titions may lx* n;eeived 
almost simultane'ously. lnquiri<*M an* then niiuh*, 
and the shop most suitable, from the }x>int of 
view of }x)Hition ami character of Iradi*, is then 
ehown. 

Commiseione. At first sight the coveUxL 
distinction may ap|M*ar a somewhat empty one, 
when one finds tnat a postmaste*!* in a village 
may get the small salary of £10 or £12. A eertain 
busy gnx*er in a surburban district is allowwl the 
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somewhat nominal “ responsibility ” salary of 
£48, increased later to £50 ; but he gets a good 
(.’ommisBion on certain sales — in the case here 
r< f ci 1 to £200 a year— out of which, however, 
he has to pay his staff. The postmaster has no 
information as to the working out of commis- 
sions on his business. That is iJl calculated in 
the head office, to which accounts are sent 
evey day to worked out by the clerks em- 
ploye I there. Th<‘ result may not be called in 
question by the postmaster. 

The items on which commissions are reaped are 
telegrams, postal-orders, savings bank trans- 
actions, and money-orders. Tiie commission is 
at tlu' rate of one penny on every telegram 
forward(*d or received. On postal-orders it is 
now paid once a year, at £1 per 1,000. On 
moniy ord<*r8 it is one penny on each order, 
and the same holds good of savings bank trans- 
actions. 

A sub-office may bo knocked up to send a tele- 
gram after closing hours, on which there is 
an extra fee of 2s., or more, out of which a messen- 
g(*r has to bo paid to f(‘tcL the clerk, the clerk 
paid for coming to telegraph, and probably 
porterage* paid for d(*livcry at the other end. 
Thf'refon*, the margin of profit is in this case 
small, though to the public 2s. seems a high fee. 

Express lett(‘r work is naturally undertaken 
only by an office open for t(*legraph work, and 
the (iovorni ent reaps the benefit of the sale of 
extra stamps. The sale of stamps, by the way, 
which involv(*R most work in a post-office, brings 
absolutely no profit, nor is there any commission 
on h'tb'vs or ])arcels. 

The ])ostmaHter, on undertaking postal work, 
signs a bond, under nhich ho is responsible for 
a certain amount, all of which he runs the risk 
of losing ; but the stop is necessary as a 
guarantee of his financial soundness. 

Assistants. In a sub-office one, two, or tlmn) 
assistants may Im^ necessary, whose salaries, 
unlike those of f(‘llow-work('rs in a f Government 
offioi', vary very much, not merely aecording to 
Uie amount and value* of their work, hnt accord- 
ing to the liberal -handedness or stinginess of the 
postmaster. Applicants are certainly more likely 
to apply for posts in a neighbouring ofiiee 
attache'ci to a grocer’s shop, where the three 
elorks have their meals, but sleep at their own 
homes, and nieeive respectively IHs., Kis., or 
r2R. a week. 'J’hreo clerks to a sub-offioo is a 
generous allowance. The hours of wiirk average 
nine a day, b t ar • in some cases 12. Leave of 
absence is arranged by the chief clerk. The usual 
holidays are Sundays, Christmas Day, and Good 
Friday, in addition to a fortnight in the summer. 

The elorks take it in turn to lie away on I’ank 
Ifolidays. They get no pension or wedding- 
]»re8ent, as clerks in Government offices do. 

Telegraph bojrs and postmen arc ail under 
(Government control, except in a country office, 
which is hardly worth having. 

How to £ 'ter a Post-office. A girl 
dosirouB of becoming a clerk in a sub-office 
has no competitive examination — in fact, no 
examination whatever to encounter. She comes 


into the office as a learner without salary. If she 
proves capable, after a time she receives a small 
salaiy. Every branch of the work has to be 
mastered by her. Advertisements for such 
learners will frequently be found in, for instance, 
the “ CGhnstian World.” The sub-agent is not 
allowed to take premiums with his employees. 
In a country office the junior clerk may be 
wanted to keep the books of the business or 
perform housework ; not, however, in a London 
sub-office. She occasionally assists in a light 
business when the postal work is slack ; but 
ail such additional work is discountenanced by 
the officials, who sometimes institute inquiries 
respecting this matter. 

It will be readily understood that it is an ad- 
vantage to a postmaster to employ one or more 
members of his own family in the post-office, 
especially in c‘o untry districts. The daughters 
often naturally slip into such vacant posts. 

Fittings. Tlio rear end of the shop is a 
favourite place for conducting post-office 
business. Here is a counter usually wired off 
above, with two or three drawers underneath, 
and space for stationf ry stores, two or three 
stools, pigeonholes at the side for pap<:*r8, 
and scales for weighing parcels. The scales 
art* supplied by Government, and are marke I 
with the broad arrow. Fitted to the wall on the 
public side of the counter are compartments, 
with ink, iK*ns, and blotting-pads for the use of 
the public, l/ tti r boxes are also affixed outside. 
£20 covers the initial expenditure. 

Telegraphy. This is an important part 
of post-office work, requiring considerable gump- 
tion, know'l(*dge, ner\t‘, and energy as well as 
physical strength when the work is continuous. 
A learner takes, on an average, two years to 
master the Morse code thoroughly The code 
is put inb) her hands to be studied; thei other 
clerks send messages to her, as opportunity 
offers. Occasionally one learner interchang*'. 
messages with another, a plan which has di-.- 
ad vantages. In many sub-offices, U*le|)ht)iies 
are now found. This subject is dealt with in a 
separate article. 

London sub-offices have sorting offices in a 
separate building, the sorters Ixung (govern- 
ment employees. 

Book« of Reference. All necessaiy 
information concerning new rules, or alterations 
in old ones, is supplied to the sub-office for the 
information of the clerks. Guide-books for re- 
ferenet* are forw aided in abundance once a 
quarter, as well as “ nile-books ” concerning 
telegrams, money-orders, and details of office 
work, so that all information is ready to hand. 
This is an important matter in a busy office, 
os anyone will agree who notices the stream of 
questions which the public put to the post-office 
clerks, P(>st-offi*e servants are sworn to 
secrecy, and have to promise not to op<*n letters, 
delay their delivery, divul^ the contents of 
teegrams, or give information about another 
customer. A formal declaration has to be made 
at the police-station. 


Continued 
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THE HOSIERY INDUSTRY TEXTILES 

The Growth of Hosiery. Yams and Fabrics. Hand Knitting. 32 

The Knitting Frame; Its Details and Methods of Working , ,, 


By W. S. 

Vj^OOLLEN cloth caps were worn by the 
^ peasants of Northern Europe, and of 
England and Scotland, before the Norman 
Conquest, and knitted wool gradually and 
quietly superseded the woven cloth. The 
first historical record of which we can find trace 
is in the Act of Parliament, dated 148K, during 
the reign of Henry VII., in which the price of 
knitUd caps is stated to bo 2s. Sd., about 9 m. 
of our money. During the following century 
knitting was frequently mentiontd in legislation, 
and in the famous Statute of Lalwurers, passed 
in 1563, the hosiers are classed among the crafts- 
men whose controc'ts were to Ix' regulated by that 
Act. The great Churchmen and Royal person- 
ages of Europe had sot the fashion of covering 
the lower limbs with hose, at first of cloth, and 
later of knitted silk, and the Royalty and 
nobility of England followed suit. Howell, in 
his “ History of the World,” states that Henry 
VTII. ordinarily wore cloth hose, “exc(‘pt there 
came from Spain, by gi*eat chanc(>, a pair of 
silk stockings.” 

From the high importance ^^hich the (V>urt 
chroniclers seemed to give to the gift of a pair 
of silk stockings to Edward VI. by Sir Thorntw 
(»r(‘sham, those commodities must have Inxm 
rare and costly at that time. We may take that 
gift, however, as marking the end of the mt‘dia‘val 
age of the industry. During the reign of 
Edward’s sisUw ElizaUdh the modern era began 
— the age of invention, of machin(‘r}% of vast 
industrial expansion. 

Hosiery Yarns, The liosiery industry 
uses many classes of woollen, w’orst< d, merino, 
I’otton, and silk yams. During the past thirty 
years important changes have taken j»hw(‘ 
in the yarn department. Rt‘fore the perical 
irdicaUd, thick worsteds, live-ply and ov<*r, 
were the staple yams of th(’ pofmlar stoeking 
trade. Merinos wen? almost wholly mixe d 
cotton and wool. The cottons most favoured 
were soft and thick. Silk, lK>th throwm and 
spun, was in very small demand. Fancy hosiery 
hetd almost gone out of fashion. Between 1870 
ard 1900, how’over, a vast change occurred. 
Fine merinos of pure wool, formerly reckoned too 
costly for hosiery, came into uw ; cotton yarns 
of the finest counts and the highest quality 
l»ecame common ; silk hosiery once more revived ; 
fancy hosiery regained its hold on the popular 
market. All over, the demand for hosiery has 
inereast^d enormously, and the dc'sire for gocxl 
quality has growm in even greaWr pmporiion. 
Silk stockings, socks, and other articles of 
underwear, are largely worn by menilxjrs of the 
upjK*r, middle, and professional clafist*s, Loth 
male and female. In the fancy hosiery trade 
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the change is equally wc‘11 markc^d. No design 
is too fanciful to command a sale, though good 
taMU>, combined with l>old originality, is surer 
of a pcrmanc'nt ho'd than mere cecH'ntricity. The 
artistic pleasure* in wearing dainty and pTi'tty 
things for personal satisfju'tion, iH>t for display, 
has sprt'ad into all ranks of society. Woollen 
hosic'ry has also come into larger d(*mand 
lH*cause of the higher standards of life which 
obtain among the lalniuring clas.s<*s. Thtw* are 
facts which should Ik* observed by tlio worker 
in the hosiery industry. Supplying a personal 
need, he should pay vtTV particular attention 
to the (‘hangi's in jx‘rsonal nec‘d and taste pre- 
vailing among large class(‘s of the (‘omiminity. 

Fabrics. The range* of articles made by the 
hosiery industry is very gn‘al. lh*tween 5,000 
and 6,(HK1 article's are re‘gularly nuinufacture‘d 
and se)ld. Sleeekings, seicks, shirts, vests, pjin- 
taloons, pyjanuis, pe*ttieHmts, caps, hahy-hoeids, 
je*rs(*ys, bemne'ts, gle)ve*s, mittens, slipjM'rs, 
and a vast numlK*r of eithcT things of many 
variety's and ' hissc's eunploy the hosie‘ry weukers. 
On the' one side', the' hosic'r e’otne's inte> e'leise cemi* 
petition with the* hu*e maniifacture*r, and on tho 
other side he e*nce>unt<*rN the' cloth we-ave'r. In 
most cas(*s it is diflieuilt to say W'hie*h is the' 
invading party, tlie* Mphe*re‘s of all thre'c' shading 
.se) gradually intei erne* aue>the>r. 

Hand Knitting. Knitted fahrie's aret 
feernied by a single* thread, linked le)o[) into loop, 
and may U* niaeh' with two weieide-n pins or m<‘tal 
wires, named imdh'M Suppejse w'(' watch a 
kiiiltcT at weirk. First the' basis must Ix' 
formed. Holding the* e*iid eif the* we»rst<*d tirmly 
against iht' ne*e die' in the* le*ft hard the* knitt-e'r 
inake*H a looji on the' light-haiid needle' like' 
a running knot, ai.d lifts it on tei the* left-hand 
ne*e die*. As many loops are' made* as the*rei are' 
Htitch(*H in the* bre*aelth eif the* fabric. Having 

f (ot this foundation, the* knit tor insc'rts tho light- 
land ncM die* into the e nd loe»p on the' le*ft -harid 
ne*<*dle*, passe-s tho thre*ad over the* point of tho 
inscTte d ne*e die*, with winch she* draws it through 
in the form of a loop, wliile* slipping the* first loop 
off the win*, thus making a hiop or stit<*h. Sim 
works along the whole row in this way, and at the 
4‘nd w'e* find that the* right-hand ne*( (lie has taken 
on all the* thread, and neiw' (’arrie's a row ed 
stitches and a row of leieips. The bare d nee*dle*, 
w hich is always the^ working one, sheiuld be trans- 
fe*md to tho right hand, and tho loop-e*ove*r( d 
ncHxile taken into the* loft hand. Again tlm 
knitter inserts tho bare ne*e die into tho teip leiop 
on the left-hand needle*, passes over tho throud, 
draws it through aH Ix'foro, slipping thei stite'h 
thus formed on to the side of the row of stitehos 
already made, forming another row of stitehos 
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and another set of loops on the wires. When 
this row is completecL yon can see clearly the 
beginnings of a knitted fabric, formed l3y the 
linked loops of a single thread. 

Styles and Qualities of Knitt ng* 

There are numerons styW of knitting ; but two 
methods form the basis of most of our hosiery pro- 
duction ThcfK? are known among knitters as 
“plain” and “purl.” Plain is the stitch we 
have just seen, and purl is the reversal of the 
same*. One of the supreme merits of knitting 
is the fac ilities it affords for any shape or form 
Ixjing made without any seam. A seamless round 
w(‘b, 8hap< d as a storking or shirt, may 
1x1 made with four wires. Knitted fab- 
rics. being constituted of r , , 

one thread continuously 
loofied, and having neither * * 
warp nor weft, an* soft, 
flexibUi, and (‘lastic, lie 
close to that part of the 
body for which they have 
been made, and retain thojr 
slinpe after much wear. 

Invention ot Knitting 
Fram'»s William Lee, M.A., of 
(.alverton, in tlie county of Notting- 
ham, is entitled to rank among the 
very f(*w original inventors the world has 
s(H*n Originality in invention is much 
rarer than most jieople suppose. By far 
the greater numlK‘i ot (‘ven the greatest 
ipventoiH w(T<* merely improvers of mechanisms 
nln'ady existing, iJanies Watt transformed the 
steam engine ; but there were st (‘am -engines 
WOT king Ix'fore he was born. With William 
Le(' th(* ease was cjuite different No knitting 
maehirK* liad ever been eonHtruet-<*d or even 
thought of, HO tar as we can gather, before 
he made tlie stocking frame 1210). He had to 
form the idea, and work it out in practical 
shape without one ray of guidance from past 
experience, firavoner Henson, in liis “ History 
ot tli(^ Frame- Work Knitting and Lace Trades, ’ 
thus di'seribes Lee’s method; 

“ The \\eb of a stocking is knitt(‘d by hand, on 
thr(*e or four long pins, of a row of 
looiw, and in a rouna shapt* ; it seemed 
to L(*e impossible to construct a 
machine to make a round 'web, hav- 
ing as 
man y 
needh's 
as loops 
in the 

eireumferonee of the hose. Pondering on 
the difficulty, he one day saw his mistress 
knitting the heel, using two needles only ; one 
held the loops, while the other was employed 
in making a now series. It struck him he 
could make the web flat, or in a straight line 
of loops, and when thus made, join the sel- 
vage by seaming them together and thus make 
it round. He was thus led to the idea of 
throwing a thread across a long elastic hook, 
the point of w*hich would be pressed down into 
a liofe in the stem of the wire, and thus loop 
at pleasure. He bored the holes, and tried to 
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insert the point, but though he couM make the 
loop oa the wire, since caUed a needle, it would 
not slide easily over the inserted point. At length 
he thought of the groove inst^ of the hole. 
... In his first attempt at looping he 
inserted firmly into a piece of wood a dozen of 
these needles, eight to an inch, fixing this piece 
of wood upon a wooden framework, and en- 
deavoured to make a succession of loops upon 
them by hand, which he finally accomplished, 
knitting on this row of hooks a pair of garters 
in this manner. 

“ The next point needed was to form and fix a 
wooden bar [211 AJ to press 
down at one movement all 
the barbs of the hooks into 
the grooves, using the one 
hand to bring forward the 
loops, while he put 
down all the beards 
into the grooves 
with the other. So, 
by passing the row 
of loops over the 
beards and the 
heads of the 
need!(‘s, he formed 

STOCKIVa FRAME 

loops to pass upon the previously-made rows, 
till several inches of web were produced [212J. 

“ He now tried to deal with the single thread 
with which liis web was to be made, so as to gam 
a sufficient length of yam on each loop, and so to 
form a succession of loops across a series of nec‘dles 
[210iJ placed in a straight line. . . . This, 

after many efforts, was effected in the most 
ingenious manner by the construction of what 
arc called the jack and sinker. The jack f 210/i J is 
a lever woi king freely on a w'irc, upon which it is 
balanced. In Lee’s frame these were of wood, 
one to each needle, and the w'hole row of jacks 
were kept in place by working in a comb. In 
the round head of the jack is a slit from which 
the sinker hangs and works perpi*ndicularly. The 
sinker 1210/1 was made by Lc^e from a thin plate of 
tin. and is shaped by |>assing betwt‘en the needles 
80 as to carry down as much thread as will form 
a loop betwwn each pair, then to cairy them 
forwards under the needle beards and close to 
their heads ; and after the presser had pla"*ocl 
the points of the beards in their grooves the 
sin ers brought forward the w'cb of loops already 
formed, and passed it over the last row formoci, 
then took the work back to the stemn of tho 
needles ready for a new course. . . . 

“ The jacks, when the smkers were attached, 
were lighter behind than in front, so he placed a 
row of light springs [2104;] at their tails to hold 
them from falling forwards, except when wanted 
to form a fresh row of loops. Then they, following 
the thread thrown by the workmen each way, 
were forced down in rotation by an iron instru- 
ment of suitable shape, called a slur cock [ 210 1 »], 
which, pulled by a string attached to treadles, 
runs backwards and forwards on a bar [2101], and 
by striking against the jack tails in succession, 
causes the hissing sound heard in framework 
butting.” 



Fixed Sinkers. Aston, an apprentice 
taught by Lee, devised a frame which had one 
fixed sinker between every movable jack-sinker, 
and double the number of needles, thus doubling 

Presser. ^ Invented ^ ^ ^ 

about 1740, the sliding tuck 
presser is a thin bar of iron 
attached to the frame presser, 
its lower edges grooved so as to 
lift some of the loops over the 
heads of the needles, while let- 
ting others remain, till the ordin- 
ary presser comes and passes the 
whole range of loops over the 
heads of all the needles. 

Ribbing Appliance. The tuck presser 
gave the knitter a certain pow(‘r of changing the 
action of the needles, and this suggested further 
development. In 1758, Jedediah Strutt, of 
Derby, invented an appliance which 
.solved the problem of ribbing, and 
opeiKKl up the way for a succession ot 
inventions ^\hich n'volutionised the 
hosieiy^ trade. Strutt's apparatus [214] 
consists of an iron machine hung in 
jointed arms, /, in front of the 
ordinary frame. The needles, a c, in 
this apparatus are similar in form to 
ihos€* already in use, but the frame needles 
are s(‘t hoT izontally, while those* of the 
ril)l)ing apjiliance are placed almost per- 
pendicularly, so as to \^ork in be*tue*en 
the forme^r. The numl>er of needles 
tixed in the added machine is re'gulatc*^! accord- 
ing to the numl>er of loojw to be reversed. In 
working one “ purl " and one* “ plain, ' lor in- 
stance, tb( r<* are as many needles in the ribbing 
apparatu*^ there are on the knitting frame. 
\Vht‘T> the knitting-frame nee*cli(*s have had 
their heads pressed, the needles of the ribbing 
machine are brought by its swinging motion 
in betwanm them, penetrating tho.sc* loops which 
an* to form the ribbing, which, being passed 
under their I (*ar(ls, an* reversed ; then, being 
pres.s<d again by the pre.ssers. bd, tlie loops 
pass over the needle heads with th<* ofhcTs, lait 
with the visible} part of the iibbing loops 
show'inc the opposite way. 

Many Inventions. A met hod (»f form- 
ing fancy jmt tom 8 on the plain knitting fiame 
was by the use of a long win* named a tickler. 
With this the weaver shifted 
the loops according to the* pat- 
tern. To make this automatic 
w ould effect a saving of labour 
A poor stocking maker of Mans- 
field, named Buttei worth, hit 
on a prac’tical solution of the 
problem, and, by one mean^ 
or another, John Morris, a Nottingham 
hosier, obtained possession, and patent<*d 
the idea in 17t}4. Morris's sjK*cifieation 
runs : “ For making by a mac hiiie 

Ikj fixed to a stocking frame, eyelet 
holes, or network, having an additional row 
of frame tickler needles.'’ This machine is 
worthy of special attention, because it shows the 
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first step towards the development of the lace 
loom. Folkin thus describes it : “ The tuck 
presser and ribbing apparatus were combined. 
The tuck pressor brought the loop to be sliiflixi 
to the ne(^e heads ; and, in order to make tlio 
eyelet holes, these were removed 
by a short, flat- pointed tickler 
fastened to a l>ar. These ticklers 
covered the beards, pressed 
them into the ctoovcs, and then 
ttx>k off the loops, and by a 
side movement placed eac'h of 
them on the next notxlle on 
either side, leaving a .seriw of 
fast holes below the next course} 
of l00})8.'* 

Improved Tickler. A. Klse, an ingenious 
inventor, devised an amiaratus to regulate the* 
tickler's ac tion on a sliding bar, doubling the 
speed of the machine patenttKl by Morns 
Though Strutt might have siu^d Morris 
for infringt‘ment of his patent rights, he 
h't him alone ; but Morris pursutKl 
Else, on the ground that the improved 
tickler was an infringement of his 
tickler pa; cut, won the case, and 
anni'xt'ci tlu* improveim*nt. 

Hand Knitting Frames. 
At this point we must leave the 
story of hosi(*i*y invention. 
Except in a few ])articulars, afterwards 
dealt w dh, the course* of invention took 
two directions not cognate* to tlu* pres- 
(*nt stag!* of our iiujuiry. Thi* one 
dir(‘etion was towards the developmc'fit 
of netting and lace frame's ; the other 
tuin(‘d (lii’(‘etly to transforming the 
knitting ft amt* irom a loom into a 
machine, ultimately to he, drive*!! hy 
213. FIXED lH)wer motors. In our study of the* 
SINKERS liosiery factory, the* lallc-r part of the 
outline of tin* vast subject is glanced 
through. Meantime, our interest is in the hand 
lram(*s. ]iy adding on to Hi'iison’s description 
of U'c's frame tin* impn)V(*Mn*nts enumerated, 
we c*an obtain a fair view* of the geiu'ial characb*r 
of the various hand frames now in 
use ; hnt we ])Uipose making 
ourselve‘s thoroughly sure of an 
understanding ot tlu* maeinne hy 
viewing the jiriiicipal details in 
(»ider. 

Needier. Two forms of 
needle may be taken as tyjiical of 
the whole (lass tlu*se are the 
hcaidcsl and the latch neodh's. 
I>*e’s needles were wires, pecu- 
liarly l)ook(*d. The hook waa 
turnc'd straight at the head, but 
the sharjKmed point was given a 
waved curve, w'hieh was eallcHl the l)eard. 
Just under the curved jioint the stem of 
the hook was groovc*d so as to admit 
the jK>int of the needle when pressed 
down and to form a solid loop of stecjl. 
The form of this nec‘dle has been improved, 
the beard l>eing straighter and easier to press down, 
thus obviating the risk of splitting tne threads. 
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The latch needle, invented by M. Townshend 
in 1858, does away with the need of a presser 
bat, and is very useful in many kinds of modem 
fram^^. Instead of the curv^ beaid, which is 

E ressed into the groove, this needle has a hinged 
it”h, or pin, with a fork at its point.^ The pin 
•is hinged into the stem of the needle just below 
the point of the hook, with which it forms, 
when cl(js^d, a so’id Joop of steel. As the thread 
comes into the hook it throws back the latch. 
As it approach(‘S to pass over the hook, the loop 
th^’ows the lat h into position 
and so passes ov^t clear. 

binR^ra. The function of 
the sinkers is to d'‘p'esB the 
thnMids for the formation of the 
loo( H Originally the stocking / 
fr>vn<* had only one H‘*t of sinkers; T 
hut; I’vS t‘ have it at pr(‘S(mi there J 
a e two Hrls — the ja'“k sinkeis 
and the frame snkeis The 
fonner depend s ugly on levers, 
or ja' ks ; the hitter are lixcd m 

a tianie bar. Sinkers are thin 

metal plat(‘S, sbeptd like broad 
hooks with round |>ointM, which 
g'*ntly form the loops on the 
th leads. 

Jacks The long level h 
which bold and move ih<‘ sinkeis 
are named jacks They are 
aetuaUd by springs driven by 
the slur cock. 

Slur Cock, Along a bar 
under the jacks runs a small 
block nam(d the ttlur cork, 
which, as it passt's, lifts the 
joc'ks and so depresscK the 
sinkers. The to-andfro 
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motion of the slur is imparted by a pulley at 
the side. 

Locker and Bar. When the sinkers have 
formtd the loops, the locker (210/1 is brought 
forward to fix them in position. The* bar |210p] 
extimds along the back of the frame, to be out 
of the way ot the rx’st of the mechanism, 

Pressera. There are diffeivut forms of 
pressor. On the common hand fiame the pit'sscr 
js a strong bar extimding above the nmlles. At 
the niomimt tin* loops are passing over the 
noedh's the bar is brought down to depress the 
beards and form the hook into a smooth loop. 

Tii(‘ pressi'rs on the rib hosiery appliance have 
a similar action. 

Mountings. Ribbing apparatus, ticklers, 
brocad'^ cylinders, and various other appliances 
for the making of fancy figums are fitted on 
to the knitting frame, and are technically 
deserilred as mountings. These mountings are 
very numerous and varied in character. 

Continued 


Treadles. On the common hand frame 
there are throe treadles. Two, one right and one 
left, are for bringing down the jacks ; the centre 
treadle brings down the presser bar. 

Working the Old Hand Frame. 
These parts are supported in a strong framing of 
w'ood, and at the centre is the weaver’s seat [216a]. 
Tftkmg up his position, the weaver throws his 
thread, h, over the hooks by hand. Pressing the 
right foot on the treadle, /, he brings the slur 
a'ong und«r the jacks, k, forcing down the sinkers, 
and so forming the loops between every alter- 
nate pair of needles. Then he brings the lead 
sinkers, e, down on the loops, to 
divide the loops over all the 
needle's, locking up the jacks at 
the same time with the thumbs, 
and equalising all the loops by 
these combined movements. Ho 
brings the loops thus formed to 
the needle heads, b, throws up 
the frame with the help of the 
strong central spring, preasc's the 
centre treadle, g, to bring down 
the presser ba**, c, carries the web 
over the needle head^, and lets 
the iiresscr rise. Lowering the 
frame to the }M)int at w’hieh the 
noses of the sinkers can catch in 
the work, he draws the w'cb 
gently back. Finally, the knit- 
ter allows the frame to resume 
its balance, holding his thumbs 
firmly on the thumb-plate the 
while. When the frame has re- 
turned to its normal position, 
he lets go, and begins another 
course*. 

Cottage and Factory. 

The use of the hand frame has greatly decayed, 
and the factory threatens to absorb the whole 
hosiery industry. On this fact Mr. Mundclla, 
a well-known authority, passes the following 
judgment: “Notwithstanding the growth of 
the factory system, thc'ro is still a use for 
some thousands of the old hand frames ; and 
the framework knitters, with their fret* choice 
of work hours, their ind**pendent position, 
their healthy life in rural villages far from 
the tyranny of the factory bell and the* nt>ise 
and unnatural conditions of modem manufac- 
turing towms, preserve some traces of the days 
lH*fore the tall ehimnejs claimed human beings 
as mere details in a vast machine. They may 
only be a survival, but perhaps they may main- 
tain an old tradition until the dawn of a coming 
time when some motive powder other than coal and 
steam shall restore to our toilers in many trades 
the conditions of life and w ork which the factory 
system has destroyed.” 
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Proposition 15. Problem 

To draw a straigjit Hue i^erpendicular to a given 
straigJU tine at a given point in it. 

First Method, Lot AB }>o 
tho given straight line, nml 
P the given point in it. 

Construction. From AB out 
off any two coual parts !*(’ 
and jPD. 

With conti’ts C and D, and 
any i adius greater than OP, draw t o arcs cut 1 ing 
at E. Join PE. Then PE is ± to AB. 

Proof. Join CE, DE. 

In the As CPE, DPE, 

CP = DP, PE is common to hotli As, 

CE = DE, since they are radii tif equal 0 h. 

lCVE^. ^DPE {Prop. 7). 
each of these Z-s is a rigid _ {Def. H). 
Second Methtd. Let AB be the given straight 
line and P the given point. 

jo Construction. With centre 

^ 1' ami any radius, diaw an 

arc CD. With centre 0 
and the same radius cut 
this arc at E, and wiili 

ceniru E and the same 

9 radius cut tlie arc at F. 
From ceidres E and F, 
with any radius greater than half EF, iliaw 
two arcs cutting at (J. doin P(l. Then IH. 

± to AB. 

/Voo/. .Inin PE, I F, CE. 

Tlie A PCE is equilateral, since its sides are 
radii of eijual 0s. 

.*. A PCE is efiuiangiilai (Cur. Pn>p. h). 

But the three :1s of the A make IMP 
(Prop. 14). 

^CPE = I of 18t) (id . 

Similar! N, it can be shown that _ El'F (i(C. 
But :lEI*F is bisected by the straight line 
PC (Penp. H). 

..EPC- :id . 

.• :LBP(i (id ^ ;;d - bd , 

PC is ± to AB. 

Propooition 16. Problem 

To draw a straight line perju'ndicular to a g'.c n 
straight line from a giem 
f stint outsid* it. 

First Method. Let AB 
be the given straigJif line, 

1* the given pfunt. 

Cftnstr nrtion. With 
centre P, ai d any ra<lius 
great enough to rc;ich a 
jsiint on the <jther side of 
AB, draw an arc cutting 
AB at C and D. Witli centres C and D and any 
1 adius greater than lialf Cl), draw two arcs 




eutting at E. on tlie other side of AB from P. 
.loin PE. eutting AB at F. Then PF is ± to AB. 

Proof. The As CI»E, DPE can he proved 
eipial in all respects (Prop. 7). 

.•. .-CPF _1)PF. 

Hence, the A*^ C|‘F, DPF have two sides and 
the contained .1 of the i>ne equal to two sides 
and the contained l of the other. 

they are equal in all respts'ts (Prow. 4). 
^PF(V .iPFD. 

PF is JL to AB {J>ef. 8). 

Second Method, Construction. In .\B take any 
two jioints C and D. With centre (%nid radius 
( describe an arc. N\ it h 
centn* D and radius DP, 
di'scnlie an aic cutting 
.the first arc at E. .loin 
“d I*E, cutting Ali at F. 
'riicn I F is X C* AB 
Proof. The As PCI), 
E(d) art* equal m all 
Vi^spects (Prop, 7). 

.>FDP _FI)E. 

Hence, the Ah FDP, FDE have two sides 
and the conlaiiie<l ^ of the om* <sjiial t<» two 
sides and the contained L of the othm*. 

PFD L EFi) {Prop. 4). 

I'F is X to AB dhf. 8). 
Proposition 17. Problem 
At a given fstinf in a (jictn straight Une.tomike 
an anglt ojual l<t a givni angle. 

Let P bo fim |tonil in the stiaiglit line 1)E at 
which an angle is !•) be ma<le equal to (In* given 

lABC. 

( 'onstruction. 
With centre B 
and any nwlius, 
fleHcnl>e an arc 
cutting AB and 
B( ! at ( I ami F. 

^^’itb centii! P and the ^ame radius, flescribc 
an arc HK, cu'ting DE at If. 

With centre if ami railiiis Ft.', draw an aic 
cutting tlie arc HK at L. .lf)jn PL. I’lieii 
.-EPL is ei jiial tot lie given L . 

/*roof. .loin Fti, Hli. Tlien the As BFii, 
PffL are equal in all lespiets {Pntp. 7). 

-.ABC _LPK. 

Proposition 16. Problem 

Thritugh a givfn fsnnt to draw a straight line 
/strallel to a given sttaighl 

5 - ^ line. 

Let AB be the given 
straight line, P (he given 
jHiint. 

Construct i(m. In AB 
" take any [>ujnt C. Join 
Pc. At the [sjint P in tlie straight line CP 
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make, l>y the construction of Prop. 17, the 
Z-T)PC equal to the Z.PCB, and alternate to it. 
Then DP is || to AB. 

Proof > Since the strniafht line CP meets the 
two Ktr/ii^lit lines DP, AB, and makes the alter- 
nate angles erjual, 

DP is II AB (Prep. 11). 

Note on Drawing Perpendiculars 
spnd Parallels. In practical work, per- 

pendiculars and paiallels are not drawn by using 
the consti actions given in Piooositions 15, IG 
and 18 A set-^quare is used instead. This is 
HMiiply a right-angled tiiangle, cut from thin 
wood, or other suitable material. 

Sufipo.'-e AB is a 
f given straight line, 

||l and P a point through 

^ wdiich we wish to draw 

a stiaight line _L to 

llllll k place a 

A 1)11111111 l|[k>v 0 Straight lulcr, (T), 

along the line AB, 
^ and put one of the 
perpendicular edges of the sot-squai c against it, 
we can then slide the squaie along the ruler 
until the edge LM passes though the point P. 
By drawing the line LM we get the perpendicu- 
lar we reiiuired. 

There are Iw'o objections to this method. 
The one is lhat the corner M of the set-square 
gets rouiid<jd, thr<Migh constant use. The other 
is that it is dilHcult to get the point of the 
pencil light up into the coiner formed by the 
ruler and set-square at M. It is tlierefore much 
better to jiroceed as follows : 

/ Place the 

('dge of the square 
^ along the line 

/ AB, and put tin* 

/ i ruler up to one of 

RgWM ; 0 tlu‘ other edges. 

Next, holding the 
V i ruler firmly, turn 

I the square about 

the corner M, 
into the position 
shown by the dotted linos. Wo have thus 
turned iho square through a right angle, and 
the edge LN is therefore at right angles U> 
its forimr direction. Hence, if we now' slide 
the square along the ruler until lU long edge 
passes ihrough the point P, i e,^ into the 
j)osiiiun J/M'N', we can dnuv the jierpendicular 
required. 

Proposition 1 9. Theorem 

// tioo triangles hare tnK) afigles of the one cqunl 
to two angles of the other., and a side of the one 
equal to the corresponding side of the other, the 
triangles are equal in cdl respects. 

If two of one A are equal to two Z.s of 
another A, it follows that the third z-sof the 
two As must be equal. For the sum of the 
three Z.8 of a triangle is equal to two right ls 
{P rop, 14). 


And since 


Let, then, ABC, DEP be two As in which 
the AS A, B, C are respectively equal to the As 
^ D, E, F, and ' he side 

\ \ It is required to 

yy \ X \ prove ihat the 

0 ^ V / > A ABC = A DEF 

in all respects. 

Proof, Place the A ABC on the A DEF, so 
that B falls on E, and BC along EF. Then, 
since BC = EF, 

C must ?all on F. 

And since A B = ^ E 

BA must fall along ED. 

And since A C = a F 

CA must fall along FD. 

/. the point A, which is the intersection of 
fhe lines BA, CA, must fall on the intersection 
of the lines ED, FD. i.e., on the point D. 

A ABC coincides with the A DEF, and ia 
equal to it in all respects. 

Proposition 20. Theorem 

If the hypotenuse and one side of a right-angled 
triangle are respectively equal to the hypotenuse 
and one side of another right-angled triangle, 
the triangles are equal in all respects. 

. Let ABC, 

jP DEF be two 

right-angled 
I I As* in w hich 

pf % I t he ^ 8 ABC, 

DEF are 

right angles, the liyjiotenuse AC = the hypo- 
tenuse DF, and AB- DE. 

It is required to prove that the As equal 
in all respects. 

proof. Place fhe A DEF so that DE C'uneides 
with the equal side AB, and F falls 'ui that side 
of AB aw'ay from (y. Let F' be ihc new pn^iMnn 
of F. 

TJit'ii, since As ABC and ABF' are light l.s. 
BC and BF'are in a stiaight lino {Prop. ‘J) 
AFC is a A, in which .AP ~ AC. 

A AF B - ACB {Prop. 5), 

T.C., aDFE- .1.ACB. 

/. in the As ABC, DEF, 

A ABC = ^ DEF, L. M :B = a DFE, AB = T)K. 
the As are equal in all respects {Prop. lt»). 

Proposition 21. Theorem 

If one side of a triangle is greater than anoflor, 
the angle opposite to the greater side is greater than 
the angle opposite the less. 

Let ABC be a A , in w liich 
^ AC is > AB. 

It is required to prove 
/ ^ ABC is > L. ACB. 

Proctf, From AC cut f-fl 
^ AD = AB JoinBD. Then, 
since AB = AD, 

/. A ABD= A ADB {Prop. 5). 

But the exterior A ADB of the AB(-'D, is > 
tlie interior opposite aDCB {Prop, lU). 

/. aABD is > A ACB. 

Still more, thei'efore, is A ABC > A ACB. 


Continued 
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Sulphur and Brimstone. TIiIh 8u)>* 
stance is usually associated in our minds with 
fire and the nether regions. The popular super- 
stition has some foundation in foot, as brim- 
stone is found in the neigh l)our hood of volcanoes. 
Sulphur or brimstone is the main constituent 
of jierhaps the most important of all chemical 
substances — namely, sulphnnr acid. It occurs 
in nature as native sulphur in certain parts of 
the world, particularly Southern Italy, where 
it is sometinK*8 extracU'd in a rather primitive 
manner. The sulphur ore, when poor in sulphur, 
is made into a heap, and the heat derived from 
burning a part of the* su4>hur melts the rest, 
which runs out and is coll(H t<‘d. Such a pi*oc(‘ss 
is, of course, very wanteful, l»ut has tlu* ad- 
vantage* e»f simplicity and < h<‘apne*ss. A lH*tter 
plan is to supply the h(*at liy burning fuel 
and to alleiw the' molten sulphur to collect. 

Various Sulphur • recovery Pro* 
cesses. In either ))r<s*e“«tse*s the sulphur ia 
me*lte*d emt by treating \\ith a hot liijuiei, siiedi ns 
a saturate'd solution of <*alciuin chloride*, or by 
using supe*rheutcd ste^ain. .Ml the*se* proe*e*sHe*s an* 
l»as«*d ujK)n the* principle* that tla* sulphur melts, 
leaving the earthy mat<*rial lH*hind. A rece*nt 
aelaptation of this |)re>ce*ss has Ik*!'!! made use* 
nf to obtain sulphur from elcjaisits in the State* 
of Ixaiisiana. In the* neigh Urnrhouel eif Lake* 
('liarle'h ( ity there is a large* de*posit of sulphiii 
iineleT a layer e»f shifting sand, and 2<H) ft. 1<* 
2.*>b ft. ls*lo\\ the* surfeu'c. Tlie sanel forme*el, 
until recently, an impassahle harrie*r te» the* 
•sulphur de‘po*'it, anel all attempts te> fre*e* 7 ,e* the* 
^a!ul, a method Mhie h at t>the*r times has give*ii 
‘-atisfae-tory i<*‘<ults. provexl in this case* un- 
a\ ailing. Heo\e \er. Frasch has re*<*ently pHle*nteel 
anel ile-velerped a method in which supcr he*ate‘(l 
Mat^ r at a temjMTHturc of J(k» ' (’. is fore*cd down 
inte) the sulphur dejiosit through a Ht/(*el tula*, 
and the* me)lt(‘n fmlphur fe>rce*<l ufr anoilie*r tuls* 
plae‘e<l inside the former ((le*rman Pate*nts, 4bl42h. 
401430, 401431). 

Sulphur can also la* distill(*el, and it may {>ay to 
treat liah ores in this manne*r. The* vajamrs are 
eondcnscd and form ffowerH of sulphur if the* 
cooling chamla*r la* large* and the U*mperature* 
not alloweal to rise teH> high, otherwise the sulphur 
melts. MolU*n aulphiir run out and e*ast intee 
blocks is known as roll sulphur. Distillation, 
however, is usually resorted tei fe>r refining 
sulphur. 

Besides native sulphur, the e*lement can lai 
obtained from certain sulphides, particularly 
that of iron, known as iron pyrites, which occui^ 
abundantly in various parts of Europe. Tliis 
subsianee, if heated, parts w'ith rather less than 
half of its sulphur, but the process Is not usc*d 
R .-e 


to a largo cxte‘nt for obtaining sulphur. P^Tites 
are more suitably employed for produ(*ing 
sulphur di<»xidc. as we sliall prestmtly sec. 
^'''ulphur may also Iw obtain<»d from coal gas 
by-products, such as the spent oxide from the 
gasw<>rks. Hen*, again, it is Ix'tter to prepare 
sulphur dioxide rather than sulphur from such 
Hourees. Sulphur can also Ik* ohtaint'd by a 
numlH'r of pi-occsses from alkali waste*, which 
consists largely of sulphide of calcium. 

Carbon Disulphide. \Vc have just men- 
tioned this sulwtance as a suitable solvi'fit f<»r 
sulphur. It is also largely UMt*<l as a solvent for 
oth(*r sul)Htancc*s. It is prepared by passing 
vapour of sulphur over n*d hot coal or 
charcoal. Vertical retorts arc used construcbMl 
of cast iron, or eartlicnwan*, gla/t'd insidi* 
I shown diiigraminatically at A, in tj. The lid 




1. I xuiioN nisT'i.riiioK rr.xxr 


of the retort is provided with two openings - 
one, B, for the introduction of fresh charcoal, 
the other, (\ for l(*Hding otT the xapours to 
the con(h*nser, while the sulphur is introduced 
through an opening at I) at the l>f)ttom of tin* 
retort. This opening is fitted with a tulM* 
sloping gently iipw'ards, down which tlie siilplnir 
runs, and is vaporis<*d on flowing into thi* 
retort. The* vapour passes up through the nniss 
of charcoal, whereby the larger (|iiaiility is 
converU*d into earlMin disuljihide. 'I’lie vapours 
leave the rcUirt by a wide tills*, K, sloping 
upwards, in which the sulfdiur condenws and 
flows hack agaiMinto the* retort, while' the 
c*arlsm disuljdiidi^which is far more* volatile, 
passes on into anoUu*r vc*SHel, F, in which any 
residue* of sulphur is de*poHii(*d. The vapours 
arc conde*nH<‘d in a suitable condenser, (L and tlio 
liquid is collected in a receiver, H, and may lie 
drawn off through the eex’k, K. 

Any vapours of carlxm disulphide which 
escape' eonclensation are absorbed in a vesse l, L, 
cemtaining shallow trays tilled with a ve*getal>l(* 
oil. The e*rude carlxm disulphide which still cem- 
tains a small fjuantity of sulphur, is purified 
by distillation. When large ejuantities are taken, 
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Huch as five tpns at a time, the dislillate is has to he admitted into the chambers, sutficiuit 

collected in several portions ; that whicli comes to oxidise the sulphurous to sulphuric acid, 

over first contains most of the evil-smelling On the other hand, when preparing sulphites or 

(•ou'^ tituents. Sometimes the crude product is a solution of sulphur dioxide in water, an 

distii’ed over caustic soda, which holds back (*xcess of air should be avoided. Large quan- 

sulphuretted hydrogen and other impurities. tities of acid calcium bisulphite are prepared 

In place of caustic soda, certain metallic salts for the manufacture of sulphite cellulose [see 

wtich react with sulphides, such as copper Papeumakixo], and here also an oven which 

sulphate or chloride of lime, will serve the pur- will produce sulphur dioxide gas 

pose. Thus, 100 parts of crude material may be JK with as small a percentage of free 

treated with two or three parts of dry cf)pper oxygen as possible will have the 

sulphate, and then redistilled over a fresh advantage. Liquid sulphur dioxide 

(juantity of the same substance. is often supplied in “ syphons “ [2]. 

Carbon disulphide, or bisulphide, as it is I, I Brimstone and Pyrites 
Hometimes called, is a colourless, very volatile, I I Burners. The ovens for bum- 
and heavy liquid, which has usually a very I I sulphur (brimstone burners) 

repugnant odour, due to the jiresence of small W 9 spent oxide are comparatively 

quantities of sulphur compounds. As already 2 simply constructed. They consist 

stated, it is an excellent solvent, and will dissolve sulphuroij.s ^ contain material placed 

elements such as phosphorus, iodine, broinint*, syphon furnace, composed of an iron 

chlorine, and sulphur, and a great varit‘ty of ‘ ‘ " retort in the form of a long box 

organic substances, such as rubber, caini>lior, provided at one end with w’ell-fitting doors for 

tats, and grease of all kinds. rharging, the other end leading to the flue. 

(‘are must be taken to avoid inhaling the These doors have ventilating holes which can 

\ apours, as it is of a very poisonous nature*, and opened or closed at will. In this way the 
would probably find a much wider use were it supply of air can be satisfactorily regulated and 

not for this circumstance. As it is, it is v(*iy the foimation of sulphur trioxioe avoided, 

largely (*in})loyed in a number of industries lor Pyrites burners are provided with a grat(* 
cxtiwting fat and grease. It is also ummI in formed of bars on which the material is placed, 

ruhlau* bytories [see Indiarcbber] and tor Besides the lumps there is always some fine 

making viscose [see Papermakln<{]. powder or “ smalls," for which special furnaces 

Sulphur Dioxide. The j)r(‘])arati()n of have to Ix' provided. In some works, when 

sulphur dioxide from native sulphur. j)yritos, pyrites are b\jrnt for prej)aring sulphite liquor 

spent oxide, or other sources, is the first stage in the gaM‘s arc led through a Kellner filtering 

the manufacture of sulphuric acid. towiT. which contains lumps of limestone, so 

Spent oxide is u mixture of about equal part Not that the sulphuric acid is retained by the lime- 

oxide of iron and of sulphur. In the neighbour- stone as calcium sulphate. The tower is waslnxl 

liood of Iai'g(' towns, where much gas is burned, out from time to time with water, 
it is ]dcnliful, and forms a good material for Sulphuric acid has a greater tendency to lx* 
making sulphur dioxide. Brimstone is praeti- formed in the burners if moisture be present, 

(•ally free from arsenic, and gives the purest If the temperature of the oven should get loo 

product ; spent oxide is somewhat inferior, and high, some sulphur will be sublimed unchanged, 

])yrites. w'hich always contains much arM*nic, aind block the outlet pi}x*s and flues, so that care 

yields the lowest-grade acid. The briinslonc, must be taken to see that the furnace does not get 

pyrites, or s)x’nt oxide, is heated ^in a small too hot. This may l>e done partly by avoiding an 

furnace, with the admission of sufticient air excess of air. and partly by cooling the furnace, 

to combine with the sulphur to form sulpluir \Vc can cool the furnace by placing a water- 

dioxide*. As a rul(», rather more air than is jacket round it, or else by playing a jet of water 

necessary must be admitted into the furnace, on to it. The colour of the burning sulphur 

and the process must be regulatetl so that as i-^ an indication whether the right amount of 

little sulpliur as possible vaporises and sub- air is lx*ing admitttxl. as the sulphur should 

limes unchangt*d. Owing to the excess of air burn with a pale-blue flame tipped with white, 

present, some of the sulphur combines with If the furnace gets too hot, yellow-brown clouds 

more oxygen than is required to form the of sulphur vapour make their appearance, 

dioxide so that it becomej^^ontaininatod with In some plants, that part of the sulphur which 
Miljihur trioxidc (or sulpliflp anhydride), S()^ is not burnt straight away, but sublimes, has 

Since the air contains only one-fifth jmrt by an opportunity of burning in an intermediate 

volume of oxygen, the strongest gas produetxl chamlx'r )x*fore the gas<*s are led away. In 

cannot possibly contain more than 20 }x*r cent, of this manner the drawback common to most 

sulphur dioxide. As a matter of fact, it does not sulphur' burners whei'e the sulphur sublimes if 

usually contain moi'e than 15 per cent, when buin- the temperature gets too high may be avoided 

ing sulphur, and only 8 per cent, when burning In another plant a continuous supply of 

pyrites. In working w ith sulphur and spt*nt oxide molten sulphur is biinit by subliming it and 

it is easy to avoid using a large excess of au% but iiUnxlucing air to bum the sulphur vapours, 

with pyrites a larger excess is necessary in oi*der The .sulphiu* dioxide then passes through a 

to eft.H't a thorough roasting of the material. chamber loosely packed with bricks in which 

In the inanufaeture of sulphuric acid, this is any sublimed sulphur deposits. The great dis- 

of little importance, as an exei*ss of air always advantage in working })yrites burners lies in the 
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fonoAtimi of muoh fluo dust^ which ean utl 
along by the Bcttling chamU'i^ 

where the dust is deposited are neeessaiy. In 
some plants the chambers baxT bafHe plates, 
which effi'ctivelv hold back the finely divide<l 
partich^ 8 uapend«'d in the current of gas, 

Sulphuroun Acid and Sulphites. 

The gas is led through a small quantity of water, 
ahich soon Ikh'oiiu^s saturatM and no longer 
alstorbs the sulplmr dioxide but retains small 
quantities of sulphuric acid. The ga.** then 
))asses into towers filled with coke, over >\liich 
water is allowed to trickle, the exiH'ss of nitrogen 
escaping into thf‘ air. 

For the prep^iration of lif|uid sulphur diox ale 
it is nee<*SHaiy' to have the gas free from nitrogen, 
for which puqnw a saturattxl solution of sul- 
phurous acid is heated in a leaden retort. 

Tlic sulphur dioxide which t*sca}>es is passed 
through oil of vitriol, which retains the moist urt*. 
find then (Ml toaeompr«*ssor, when* it is condensi'tl 
to a liquid in a wr\* similar manner to the 
prepuration of licjukl ammonia lsi*<* Ammonia j 

This liquid sulphur dioxide is in a convenient 
form for usi* in many imlustru's. Sulphurous a<’ul 

in iisctl f<ir extracting <*ulciuin ^ g 

phosphate from Ik»iu‘s. for hliwli- 
ing all tsuiN of \cgctahle fihrcN r “L 
find animal priKlucts, and also J 
for disinfi*et ing. 'I’hc sodium 
and caleiiim salts of sulphur* rw* 

oils a<’id an* of im|M>rtancc. 

Sodium hisul I ^ If **11 Tl LJ ^ I 

in -J. (“I—. J . JL . 

hy sat iiratjnir fi **o T'f f ^ » |[ 

liition of s<»dii w ith 4 -; "’■'“5 !v 4 -- CZD 

t he gas. The hisul 
pliite (XhHSO ) 
n con vert <*(1 into « 

normal sulphite ^ ^ \KiNe, st i.rin iur ACID iiY ruAMiiKH procksh 

( Na .SO , 7 H. /)) hy abiding to it <i s<»lut ion of sixlium 
carlionate in t he con i'ct jmqHirt ion. | For calcium 
find magn<***.ium sulphites mh* Firi.RMVKiNo.j 

Sulphuric Acid. It is considered hy 
some that the manufacturing aitivity of any 


up oxygen to sulphur dtoxklc, <*onverting it 
into sulphur trioxide. which on contact wiUi 
wwter produces sulphurie acid. This is the 
chamber process in a nutshell. 

The lower oxide bo formed reforms the higher 
oxide by t*on(a<*t with air and is ^ain reduced 
with fonnation of more sulphurie acid. I’he 
oxide of nitrogen at*ts mendy as a earriei 
without itself undergoing any permanent change. 
TlH*ort*tieally, then, a very small quantity ot 
oxid(*s of nitrogen is sufficient to <*onvert an 
iinliiniud (piantity of sulphunms into sulphurk* 
acid providinl siiftieient air and water lie pivaent. 


oxides 

of nitrogen. 

as w ill Im* 1 

*«M*n short Iv. 

The 

ehi'inii' 

id rhang(‘H may Is* repr 

e.'*<*nt<Hl thiKs : 

SO,. 

• NO, 

r H ,0 

HSO, ' 

NO 

.Stilplui 

ir Nitrogen 

Water 

Sulphurie 

Nitric 

dioxidi 

* |M*ro\ide 

or steam 

acid 

oxide 


2NO 

0 . 

2N0, 



Nitric Oxy^ui 

Nitrogt'n 



o\i(le from t hi* air 

IKTOXldc 
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tlu* formation of 


coiintr\' may Is* very closely <*stimat(*<l ny its 
consumption of suljifiuric acid. It is ]icrhafis 
the most imyM>rtant of chemicjil suhstanci's, and 
the liasis of many irajKirtanl industries. There 
an* t w'o methods of manufacture lenmd rcs|M*c* 
lively the rJutmbrr and rontart proc<*sseH, IsUh ot 
whicn are w'orked on a very large s(‘ale in this 
countrx'. The contact pna’css is comparatively 
new', hut is likely to HU|H*rs 4 *de the older < hamlM r 
proeohs. 

We shall consider the chaniU’r jiroccss first. 
We have already shown how' large qiiantitit*H ot 
sulphur dioxide and sulphurous acid may Ik* 
prepared \y^ burning sulphur or spent oxide, 
or by roasting iron pyrii 4 *s. 11 le w hole pr(x*<*Hh 
of the con%'erHion of this suljstance into sulphuric 
acid lies in the addition of one atom of oxygen 
to the molecule of sulphurous acid ‘ ft 

H/iOi). Hulphurous acid solution in contact 
with air is slow'ly converted into sulphuric a<'id. 
but the process is too slow and cumbersome for 
manufacturing purposes. It lias long ben'll 
known that tlie higher oxides of nitrogen give 


closely <*stimat(*d by it^ 


Hulphurii* Held in 

the cliamlHT pro 

e<*Hs. Sulphur 
dioxidt* (SO ). oh 
• liumni hy hiirmng py 

N rH>mo riti*M. s|M*nt oxide, or 

^ hrimsiotu*. rcHcls 

[J with higlier oxides of 

**n II ^ nitrogen (.\0,), oh- 

II . 11 r y "ft!-.* tHimnl from nitre, to 

jJ! u-I-JL— T vH'ld sulphur trioxide 

c‘3 (SO,) «t><l till- limcr 
oxide of nitr(»gen 
(NO). '^riie sulphur 
trioxide (SO,) (‘om* 

ACID «v n,.vMi.Ka rR.HKHH 

( 11 , 0 ) fnmi the Hl<*am to f(»rm suliihurit* acid 
(H SO^), whilt* tin* lower oxide of nitrogen (NO) 
eoiiihmcH with the oxygen (O) from the air to f(»rni 
tin* higher oxiih* of nitrogen (NO,), ready to give 
up this oxygen ngain U) a further (jimntity ot 
sulphur di(»M(h* with the format i<m of mon 
sulphuric acid, and so on iridefiniti'ly. 

Working Proceaaea. Having now c\- 
j>lMine<l the principle of tlic “ charnlHT ” firo- 
(M'Hs, wc will shortly dcscnlM* the construction 
of the jilaiit (3J and its mo<le of working. 

The rtuc gtts<*s from the sulpfiiir or pyrites 
hiirners art* hnaight into (ontact with oxid(*s 
of nitrogen evolved from pots containing nitre 
and sulphuric acid placed in the dm*, whence 
they pass together into a series of “ lead cham- 
Ikts,’’ supjKirtetl on a wiKsiwork frame and re 
H 4 *mhling lK>xes without iMdtorns. '^ITiey stand 
in large leatlen trays sealed hy a water joint as 
shown in the figure. They have to possess a wr 
tain cubic capacity for every }M>und of sulphurie 
acid prfiduetxl. Steam jets supply the water 
necessary to comjilete the reaction, llie sul 
phurie acid condenw's and collects at the Ixittoni 
of the chamber from which it is drawn off. 

The escaping gases consist of atraosph(*rie 
nitrogen and unconsumod oxygen and st(*am. 
They hold mechanically some (|uantity of oxides 
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of nhrogen and sulphuric acid. If allowed to 
escape they would pollute the atmosphere 
and add to the cost of production through waste 
of the valuable oxides of nitrogen. To avoid 
this loss they are conducted to the bottom of 
the “ Gay-Lussac ” tower [see 8]. This tower 
is usually cylindrical, 
and built of lead like 
the chambers. It is 
tilled with coke and 
provided at the top 
\vith a cistern to hold 
“chamber acid.” This 
, acid collects in an ob- 
long vessel under the 
chamber, termed an 
acid “ egg ” [8 and 4], 
whence by air pressure 
it is forced up to the cistern in the top of 
the tower. Thence it finds its way through a 
number of “ lutes " [6] fixed in the lead roof of 
the tower, and, trickling down 
over the coke, absorbs and carries 
with it the greater portion of the 
nitric fumes contained in the 
ascending current of gases. A 
moans must now be found for 
freeing the acid from tlie oxides 
of nitrogen and conveying the 
latter into the chambers for 
further action on the sulphur 
dioxide. This is (‘ffccted by 
means of a “Glover” tower, 5. .4 c id lute, 
which is built on a similar prin- 
eiple to the Gay-Lussac tower. 

The sulphuric acid eontaining tlie oxides 
of nitrogen is forced uj) into the cistern at the 
top of the tower, and as it de.scends it meets the 
hot flue gases from the ))yritcs burners, with 
the result that the sulphuric acid gets heated, 
and most of the oxides of nitrogen and some 
of the water are driven off and carried along w ith 
the flue gases. It will l)e seen, then, that the 
sulphuric acid in the Glover tow er not only gives 
up its oxides of nitrogen, but, at the same time, 
is concentrated, while the steam and oxides of 
nitrogen are carried together into the chambers. 

Chambers. Most works j^ossess at least 
tw’O, but usually not more than four of these 
chambers. The chambers, of course, vary in size 
according to requirements and output. They are 
connected together by leaden flues, the last ebam- 
l)er being connected with the Gay-Lussac tower. 
As already explained, there must lx* plenty of 
room in the chambers for the sulphur dioxide, 
nitrogen oxides, and steam to react with one 
another before they reach the Gay-Lussac tower. 
Of course, the faster the gases are fed into the 
cliambers the larger the chambers must be built. 

Avoidable and Unavoidable Losses. 
In any manufacturing process, the actual 
chemical changes which take place are never 
exactly represented by the theoretical chemical 
equations ; and in the manufacture of sulphuric 
acid these chemical reactions are never quite 
complete, so that a certain proportion of sulphur 
dioxide and nitric oxides which is not dissolved 
in the Gay-Lussac tower escapes and is lost. 


It is a question for the manufacturer of sal 
phuric acid whether it will pay him best to 
increase his production by feeding in the gases 
faster, and losing a larger proportion, or going 
- to the exi)ense of building and up-keeping 
larger chambers. In France a method knowm 
as forced tvorking is employed. The amount of 
nitric fumes carried away from the chambers is 
considerable, but the plant is provided with extra 
large Gay-Lussac towers to counteract this. As 
just stat^, thelower oxide of nitrogen, nitric oxide 
(NO), is not dissolved in the Gay-Lussac tower, but 
only the higher oxides, so that to prevent loss of 
oxides of nitrogen we must have a plentiful supply 
of air in the last chamber. This will ensure the 
conversion of any of the lower into the higher 
oxides l)efore reaching the Gay-Lussac tower. 
For this purpose sufficient air must Ijc admitted 
with the other gases, and the exees.^ of air neces- 
sary w’ill vary with the circumstances — that is, 
as to whether the sulphur dioxide is got by 
burning sulphur, spent oxide, or pyrites, and in 
the last case, whether rich or poor ore. From 
the ec^uations we have already given it will l)e seen 
that enormous quantities of sulphuric acid can 
l)e made w ith only the smallest quantity of oxides 
ot nitrogen, but in practice the action is too slow 
unless larger quantities of nitre are used. 

Working Conditions. It will ))e seen 
that the design and working of the sidphuric 
acid plant necessitati‘s careful control and 
exj>eriencc in using the right proportions of 
ingredients if the process is to work economically. 

To give some idea, it may be stated that 
unde}' the mo.st favourable circumstances, work- 
ing with plant which is in efficient repair and 
using a good class of pyrites, the supply of gas 
during the twenty-four hours must not exceed 
ten to eleven times the volume of the c hambers 
when using three to four parts of niti’e for every 
liundi’ed parts of sulphur burnt. Fndei* these 
circumstances, perhaps 1 to 2 per cent, of sulphur 
dioxide will escaj^e conversion into sulphuric acid. 
To put it into other words, for every pound of 
Milphur burnt daily we must allow 10'2 cubic ft. 
c^f chamber space. If we economise the nitre, 
and use only 2'5 to 3 parts per 100 parts of 
sulphur, wc must allow" instead 19*8 cubic ft. In 
many works anything up to 25 cubic ft. may Ijc 
found. By the method of “forced working” 
just spoken of, only some 12 cubic ft. are allowed. 

Cbamber Construction. The construc- 
tion of eha 111 hers varies considerably. ( )f course, 
the larger the contained space per square foot 
of lead sheeting the better, so that the ideal 
chamber would be spherical. 

In practice, chambeis are usually made rect- 
angular in form, using as few, and making them 
as large, as possible. A good method is to make 
the first chamber much the largest — say, tw^o- 
thii ds of the whole — as it is here that most of the 
chemical action takes place. The second chamber 
may have a capacity of two-ninths of the whole, 
and the third one-ninth. The weakest acid collects 
in the last chambers, so that they should be built 
each standing a little higher than the first, the 
weaker acid running down to the first chamber. 
The substance of the sheet lead, of which the 



chambers are made, is in most oases somewhere 
about 6 lb. to the square foot. Sometimes the 
^t chamber is built of heavier sheet, as the tem- 
perature is higher, and, in consequence, the wear of 
this chamber is greater. The lead is attached to 
a wooden scaffolding 
by tongues [6]. 

Chambers are con- 
neoted by tunnels, 
which interfere least 
with the draught when 
they lead out of the 
into the top of the 
are noai the bottom. 



6 . LEAD TONGUE FIXED 
TO A WOODEN BEAM 

bottom of one chamber 
next ; otherwise they 


fvS illustrated. 


Testing Progress of Operations. Tb<‘ 
whole process has to be carefully controlled. 
For this purpose instruments vciyr like rain 
gauges are placed on the floors of tlie chambers. 
The rain of fine drops of acid is caught as it 
descends in the chambers. Tl)eso “ tell-tales 
are provided at the bottom with a syphon from 
which the acid ** di'ips ” are collected. By taking 
the specific gravity of these “ drips,*’ and also of 
the bottom acid — namely, that which has col- 
lected on the bottom of the chambers — the 
progress of the reaction can be followed, and 
the supply of sulphur dioxide, nitri(‘ fumes, and 
steam regulated in accordance. 

(^hambers are also provided with glass peep- 
holes, so that the colour of the nitric fumes 
can be judged. Reference to the Pure Chemis- 
try course will show that the lowei oxide of 
nitrogen, nitric oxide (NO), is colourless, but 
when ]t combines V ith oxvgen it forms the higher 
oxide, nitric peroxide (NOg), which has a deej) 
orange red shade. If the* contents of the last 
chaml)er are pale yellow or colourless, it shows 
that there is either an insufficient supply ot 
nitrie fumes or else that there is not enough 
oxygen to eon vert them into the liighcr oxides 
In the former ease more nitre must be burnt, and 
in the latter more air let in. It is essential that 
the nitric fumes should be thoroughly oxidised 
before they reach the Gay-Lussae towt'r, as the 
higher oxides only arc absorbed there 


Chamber Acid. The strength of tlie ,uid 
which collects on the bottom of the ehamlxTs 
will depend partly upon the amount of steam 
supplied. If the acid gets too strong — above 
125 Tw., which equals s.g. 1-625 — it begins to 
dissolve large quantities of the oxides of nitrogen, 
and not only would there be a loss of this valuable 
substance, but the acid would liegin to act vigor- 
ously on the lead of the chambers. To avoid 
undue corrosion the acid is drawn off a little 
below this strength. 

Acid cocks are very liable to get out of order, 
and it is usual to draw off the sulphuric acid 
(chamber acid) by means of a syphon. As 
the acid frequently has to be concentrated, some 
makers find that it pays them to allow the 
strength to rise to 140 Tw^, the increased value 
of the acid compensating for the loss due to the 
corrosion of the chambers. 

Gay^LuMac and Glover Towera. For 
the Gay-Lussac tower to do the work of recover- 
ing the oxides of nitrogen efficiently its capacity 
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should be not less than 1 per cent., but preferably 
nearer 2 per cent., of the capacity of the cham- 
bers. The same applies to the Glover tower. The 
latter is usually built shorter and broader, and of 
heavier lead, often lined with firebrick, as the 
gases which enter it are very hot, and conse- 
quently have considerable action on the walls. 
It is filled with lumps of flint, as the coke used 
in the Gay-Lussac tower might catch fire if llio 
supply of steam or acid wTro accidentally cut off 
It is said that a considerable amount of sulphuric 
acid is formed in this tower — sometimes as much 
as 10 per cent, or 15 per cent, of the whole. 
In this w^a^ it acts as an extra chamber, besides 
concentrating the chamber acid, which trickles 
down it from the cistern on the top, and freeing 
it from the nitrie fumes, which are carried on to 
the chambers. Gay-Lussac towers are some- 
times built up of perforated acid-proof earthen- 
ware plates, which take the place of the coke. 
These plates are mou Idl'd so that a little pool of 
acid collects over each hole and drops through on 
to the plate below. This construction is more 
effective than towers tilled with lumps of coke. 
These so-called plate-columns have also been 
used to replace chambers, and in some w’orks 
alternate enambors and plate columns are em- 
ployed. The latter are said to be ten to twent\ 
times as effective as tlu' former. 


Concentration. Acid as concentrated in 
the Glover tower is impure. If pyrites acid, 
it contains arsenic and iron from tlu* flue dust 
of the pyrites burners, also some oxides of 
nitrog(*n and load sulphate from the walls of the 
tower and chambers. The arsenic can Ix' got rid 
of by passing sul})hurett('d hydrogen through the 
acid, when it is precipitated as a sulphide, or by 
heating it with a little common salt, when the 
arsenic chloride, being volatile, is driven off. 

To get rid of the oxides of nitrogen a little 
ammonium sulphate is added. The nitrates and 
nitrites of ammonia formed an' decomposed 
w hen the acid is hi'ated. 

Having got rid of the nitiie tumi's the acjtl 
can bo concentrated in lead pans to 145-150 Tw 
When stronger, the acid goes for the pans, and 
for final concentration some more resistant 
material must be chosen. Glass and porcelain 
have the disadvantage that they are liable to 
crack and break suddenly, and cause much loss 
of acid, while platinum is very much acted upon, 
and the wTar of the vessels is 
n very serious item in the 
cost of the process. Jii 
Webb’s plant ^7] porcelain 
pots provided with hoods an* 
used, and the concentrating 
CONCENTRATION OF COntinUOUH 

suLPJnrRic ACID 20 pots or so 

are set m a line on a brick 
oven ; each pot is provided with a lip, from 
which the acid trickles into the next pot, placed 
on a lower level. The acid flowing in weak at the 
top end, passes from pot to pot, and flows out 
concentrated from the bottom one. The acids, 
concentrated to 94 per cent, to 95 per cent., can 
be obtained absolutely free from water, either 
by adding to them some fuming sulphuric acid 





7. CONTINUOUS 
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to convert the water into sulphuric acid, or by 
freezing the liquid, when the mono-hydrated acid 
(acid with one molecule of water) separates out . 

Contact Process. VVe have explained the 
chamber process for making sulphuric acid ; 
we now come to the second commercial process, 
which ANorks without chambers. Although in 
some respects simpler, it is complicated by the 
fact that special precautions have to be taken 
to ensure the purity of the flue gases from the 
sulphur or pyrites burners. This section need 
not be studied except by the more advanced 
student and those who are anxious to acquaint 
themselves with the very latest methods for 
making sulphuric acid. 

Reference to the course on Inorganic Chemistry 
will show that one of the methods of pre- 
paring sulphur trioxide is to pass a mixture of 
oxygen and sulphur dioxide gas over platinised 
asbestos, heated in a glass tube 280, -f 
-f 2H^0 — 211^80^. Sulphur trioxide, wfien 
dissolved in water, gives sulphuric acid, and 
the (juestion naturally arose, Could this prin- 
ciple be applied to the manufacture of suliihuric 
acid ? Early experiments in this direction 
seemed to show that the action is only par- 
tial when the sulphur dioxide and oxygen are 
much diluted with nitrogen, as w'ould be the case 
in practice, where air would replace oxygen in the 
experiment mentioned above. We may, per- 
haps, mention here that the oiiginal discovery 
IK due to Davy, 1817, and the first real attempts 
to apply it on a manufacturing scale, to Phillips, 
1831 (British patent 6096). It was soon found 
that a number of conditions would have to be 
carefully complied with if the process was to 
be suecessfuJ. 

In the first place, the gases must be dry, and 
all dust and other impurities carefully excluded. 
The flue gases leaving the pyrites burneis ( on- 
tain about 6 per cent, excess of oxygen over 
that necessary for the conversion of sulphur 
dioxide into sulphur trioxide. Knietseh has 
])atentpd a successful process now working at 
Ludwagshafeii on the Rhine. He found, in the 
(ourse of his early experimentH, that an excess 
of air had no influence on the oxidation process. 
His first experiment was made with aitiflcial 
gases, and with such success that he soon began 
(‘xperimenting with the actual flue gases. These 
he led off from pyrites burners, through long 
tubes to deposit dust, and then dried them with 
sulphuric acid. 

Contact Poisons. It was soon found, 
however, that the platinised asbestos, or rotUart 
fiuhatance^ as it was called, began to lose its 
power, and no improvement was obtained by 
cooling the gases or further filtration and 
w^ashing with sulphuric acid. This entailed 
a considerable amount of experimental work. 
Eventually, a number of laboratory experiments 
showed that certain elements are extremely 
injurious to the action of the contact substance — 
in particular, arsenic, mercury, and phosphorus, 
the last-named owing, perhaps, to the arsenic 
it contained. A number of other metals, such 
as antimony, bismuth, lead, iron, and zinc, 
were also found to clog up, and mechanically 
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envelop the contact mass when introduced in 
large quantities. How'cver, arsenic is the most 
troublesome “ poison,” not only because 1 to 
2 per cent, on the weight of the platinum 
entirely destroys its activity, but arsenic is con- 
tained in all flue dust from pjrrites burners. 
Moreover, the contact substance once “ poi- 
soned,” it is difficult to effect a cure. 

Having now discovered the cause of failure, it 
remained to find a remedy. 

Prevention Better than Cure. Even 
the purified flue gases were found to contain 
a finely divided whitish mist of sulphuric acid, 
which "could not be precipitated. The methocl 
eventually employed for purifying the gases 
consisted in gradually cooling them by le^ing 
them through a long dust flue and a set of lead 
pipes so that their temperature was reduced 
100° C., and then through a series of mechanical 
washers, w'hich were found more effective than 
washing towers, to retain the sulphuric acid. The 
gas is then dried over strong sulphuric acid and 
subjected to an optical and chemical test before 
going further. In the optical examination a 
layer of gas is viewed through a tube several feel 
in length to see if it is free from dust and mist. 

In the chemical examination a current of the 
gas is passed for 24 hours or more through water, 
and the water tested for arsenic by the Marsh 
test [see Analytical Chemistry]. Great care has 
to be taken to see that sulphuric acid does not 
condense on the iron flues on its w’ay from the 
burners, as a certain amount of arsenuretted 
liydrogen is produced, owing to the liberation 
of hydrogen by the action of acid on the iron 
pipes. Arsenuretted liydrogen is a gaseous 
substance, and, once formed, would be carried on 
to the contact substance and rapidly poison it. 

In the pyrit/cs kilns there is always some 
very finely divided sulphur, which, under or- 
dinary circumstances, is carried forward by the 
flue gases. This sulphur, as it would contain 
traces of aisenic, has to be got rid of by some 
means or other. It was found that directing a 
jet of steam mto the kilns aids the combustion 
of the sulphur dust, and also brings about the con- 
densation of any sulphuric acid present, so that 
the coolers do not become encrusted with solid 
impurities in combination with sulphuric acid. 

By close attention to the foregoing details, 
it is possible to produce mixed gases on a com- 
mercial scale, and, in quality, free from traces of 
arsenic and other contact poisons. 

How the Heat Reaction ia Controlled. 
^Vhen sulphur dioxide combines with oxygen to 
form sulphur trioxide, a very large amount of 
heat is evolved. This is in accordance with the 
equation (SO 0 = 80, + 32-2 calories). A 
calorie is the unit for measuring quantities of 
heat. Put in other w ords, sulphur dioxide and 
oxygen combine to form sulphur trioxide, while 
at the same time 32 2 units of heat are produced, 
so that the sulphur trioxide formed is much 
hotter than the sulphur dioxide and oxygen 
before they entered into combination. 

The reaction betw’een the sulphur dioxide and 
oxygen in the presence of the contact substance 
takes place only w hen the gases are hot enough 
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at the start — that is, when raised to a 
sufficiently high temperature. The heat pro- 
duced by the chemical union of the alre^y 
heated gases may be so great as to raise the 
mass to a bright red heat, and so prevent 
the permanent formation of sulphur trioxide, 
which tends to dissociate at very high tem- 
peratures. At the same time the iron parts 
of the apparatus are quickly destroyed by 
the action of the sulphur compound, and the 
efficiency of the contact mass is also reduced. 
This, of course, is due to the reverse action, 
the sulphur trioxide being broken up again 
into sulphur dioxide and oxygen, the tv- 
action taking in both directions as shown by 

0 






the arrows (SO^ H 

The Plant Described in Detail, 

It is, therefore, necessary to cool the con- 
tact substance, and m the early form of 
apparatus this was accomplished by means 
of a current of air. The plant for this pur- 
pose is shown in 8, according to patent 
No. 15947, 1898. In a brickwork structure, 
or an iron tube, M, is fixed a tul)e R, 
leaving a space between the outside of the 
tube R and the inside of the brickwork <»f 
tube M. The two portions, a and b, of the 
tube R serve different purposes and may 
consequently differ from one another ^ 
in length and diameter, and both pai ts 
can bt* r(‘f)laecd by a numluT of tulies 
The one part, 6, is occupied by the con- 
tact substance (indicated by the cross 
ltn(*s), and is cooled by cold an 
(‘ntoring by the inlet w, at the lower 
end of the ouUt tuU*. In f he 
o^her part, a, of the inner t nbc, 
the gases containing the sul- 
phur dioxide, which enter at 
the upper end, are heated to 
the tcmp(»rature necessary for 
the reaction. 

When beginning the opera- 
tion, the whole apparatui is 
tirst raised to the tempera- 
ture necessary for the reaction 
by heating by means of ga«^ 
dames, h. Then, if con- 
centrated gases are used 
after the reaction has once 
k'gun, further heating is 
unnecessary, because the air 
cooling the contact mass 
absorbs heat and transfers 
sufficient heat to the other 
portion, a, of the tube con- 
taining the sulphur dioxide 
gases, to allow of the neces- 
sary reactions taking place in 
the contact mass o. The 
stream of air can be regulated 
by means of adjustable up- 
draught openings, L. in such a 
way that the contact mass in 
the part b is constantly main- 
tained at the temperature 
most favourable for the 
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reaction. Wlien the gases contain but little 
sulphur dioxide, the air, which is somewhat 
heated by its cooling action, is further 
heated by means of the gas flames, 
so that the gases flowing in through the 
part a of the tube get more strongly heated. 
The gases, which now contain sulphur 
trioxide issuing from the contact mass in 
the part 6, leave the apparatus by a pipe, r . 

An Improved Method. Instead of 
using air for coohng the contact mass, it 
is much more economical to use the flue 
gases themselves. They thereby become 
heated up to a tempiTaturo sufficiently 
high for the reaction to begin. This 
apparatus is showm in 9 . It will be noticed 
at once that wo have here a battery ot five 
tubes instead of one, and that the whole 
of the tubes are filled with the contact mass. 
In order that the cooling gases may pass as 
closely as possible in contact w’ith the walls 
of the tubes which contain the contact 
mass, there are inserted at intervals a 
number of partitions, 0, C, extending 
across the chamber S, sufficient spice being 
left for the gases to pass through close to 
the walls of the inner tubes, R, R, as indi- 
cated by the small arrows. 

The gases should lx* thoroughly 
^ mixed before they pass into the 
contact mass, in order to equalise 
their temperature. This is done by 
means of mixing apparatus, N, fitUnl 
in the cover, P, the gas(‘s passing iqi 
the passage O F and between th(‘ 
“ baffle " plates as shown. The 
strength of th(‘ current 
and lh(‘ temperature^ 
of the cooling gases is 
regulated by noting 
the readings of ther- 
mometers fixed in 
various parts ot the 
apparatus, and especially 
within the covers 1) and 
1)'". Analyses of the gas(‘s 
entering and leaving the 
apparatus show when th(‘ 
most favourabl(‘ praclieal 
result is being obtained. 

The Plant in Opera* 
tion. In order to explain 
the mode of action wi* may 
give an instance taken from 
actual working. 

The apparatus is heatt‘d 
first (say, by means of gas 
flames at h'), until a ther- 
mometer in the upper cover 
D' indicates a tem]>erature 
of about 300° C. Then t he 
gas flames are extin- 
guished, and the whole gas 
stream passes into the apparatus A. 
The temperature within the cover 
D first rises. When it has reached 
a temperature favourable for the 
reaction, a valve in the upper part 
4631 




APPLIED CHEMISTRY 

of the apparatus is opened, so that a part of the 
gases may enter directly, as shown by the arrox^s. 
'Hic gases entering and leaving the apparatus are 
analysed to determine their contents of sulphur 
dioxide, and in this way we can see how the 
plant is working. 

To Regulate the Temperature. About 
t\^o*thirds of the entire gas current passes in at 
the entrance A to the chamber S surrounding 
the inner tubes R, and one-third directly into the 
top cover D. The temperature, which becomes 
uniform owing to the action of the mixing cham- 
ber N, in the cover is about 380® C., while the 
thermometer in the lower cover D' indicates 
.ibout 234° C. In this actual ease, taken from 
»‘xperimental practice on the factory scale, a 
conversion of from 9G per cent, to 98 per cent, of 
that theoretically possible has been obtained 
while making from 40 to 50 kilogrammes of 
SO, per tube in 24 houis. The conversion can 
be increased to 99 per cent, if the gas be per- 
mitted to remain longer in the presence of the 
< ontact substance. 

Filling the Contact Substance into 

the Tubes. The method of packing the 
tubes with platinised asbestos so that the gases 
shall come thoroughly into contact with the 
mass without 
liaving the.. 

How too much 
imjjeded is 
seen in the 
next diagram 
1101. A cen- 
tral iron lod, 

'/, passes up 
\ he axis of the 
( oiita<'t tube 
U; suiTound- 
ing the bot- 
tom end is the 
short tube h, 
on which rests 
tht‘ perforated 
plate c. On 
this sieve 
p 1 a t e i s jQ SULPHURIC acid by contyct 
l>cai)pd the PROCKSS 

])latmised as- 
bestos, and then .mother short piece of tube, 
d, is fitted on to the rod a. This is followed by 
<i second sieve tube, carrying its layer of 
platinised asbestos ; and then another short 
piece ot tube, d\ followed by a third sieve plate, 

( ', and so on. 

Instead of asbestos as a canier for the platimmi, 
a mass can Ik? used prepared, for example, by 
heating barium chloride with ammonium sui- 
phate. These substances interact and form 
barium sulphate and ammonium chloride, and, on 
heating, the ammonium chloride is driven off, 
leaving a very porous mass of barium sulphate. 
Further, an economy in the platinum can be 
effected by conducting the operation in two 
stages — thus, whereas 100 parts of platinum 
would in one operation yield 97 per cent, of the 
theoretical quantity of sulphuric anhydride, 
15 parts of platinum would yield 80 per cent. If, 
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now, this 80 per cent, be removed by absoiption, 
the remaining 20 per cent, could be subjected to 
the same treatment, yielding eventually 80 + 

(20 80) _ Qg theoretical, 

100 J 

Spent contact substance may be legenerated 
by passing the vapours of hydrochloric acid 
mixed with some inert gas through them until 
all impurities are remoy^. 

Sulphuric Acid from Sulphur Tri- 
oxide. The absorption of the sulphur trioxide 
or sulphuric anhydride with the formation of 
sulphuric acid is not so simple a process as it 
would seem. It is extremely difficult to dissolve 
sulphur trioxide completely in water or dilute 
acid. As one kilogi’amine of sulph ur trioxide liber- 
ates 500 calories when dissolved in water, 300 
calories when dissolved in 66® Be sulphuric acid, 
it would seem that the best plan would be to 
have a continuous an'angement with a number ot 
absorbing vessels, and to pass the gases through 
them in one direction and the current of water 
in the other, so that the strongest gas passes into 
the strongest acid, while the gas fiom which 
practically all the acid has been removed pas-cs 
through pure water. Such an arrangement, fni 
the same principle as Webb’s sulphuric acid con- 
centrating apparatus already described, does mjt 
^work in practice, as there is much loss of acid 
owing to a whitish mist carried away m the 
( urreni of gases. It is found, how ever, that a very 
strong acid, 97 to 98 per cent. absorbs 

sulphuric anhydride immediately and completely, 
so that the absorption can be carried on in a 
single absorbing apparatus which is fed continu- 
ously with water or dilute sulphuric acid U) main- 
tain the strength at 97 to 98 per cent. (H28O4). 

Sulphuric Acid in the Atmosphere. 
Wc should not omit to mention that large 
(|uantities of sulphuric acid are produced (juite 
unintentionally, the whole of which tiiids its way 
into the atmosphere. All coal contains larger 01 
smaller percentages of sulphur due to the pyiites 
in it, and when burnt, whether on the domestic 
hearth or under a steam boiler, or in other manu- 
taciuiing operations, the sulphur is oxidised to 
sulphurous, and eventually sulphuric acid. All 
the acid derived from house coal escapes up our 
chimneys into the air. 

Combustion of a ton of coal produces about 
68 lb. of strong sulphuric acid, and taking, 
say, the amount of coal raised annually in the 
United Kingdom, as 250, (XK), 006 tons, ot 
which we burn three quarters oiu selves, the 
atmospliere of Great Britain is contaminated 
with 5,700,000 tons of strong sulphuric acid 
per annum. A cubic yard of strong oil of 
vitriol weighs approximately 14 tons, so that 
the foregoing amount of sulphuric acid would 
occupy 4,000,000 cubic yards, sufficient to till 
a canal eight yards broad, two yards deep and 115 
miles long. This appalling quantity of sulphuric 
acid produced unintentionally bv the coal we 
bum is more than twice as much as we manu- 
facture for industrial purposes. Fifteen per cent, 
ot the coal raised in (5reat Britain is burnt in 
our houses, so that a very large proportion 
of the enormous quantity of sulphuric acid 



EMtSTItV 


mentioned is produced by coal burnt for domestic 
purposes. All this acid poured into the atmo- 
sphere cannot but affect the buildings of large 
towns. It is carried down by the rain ahd 
dissolves away the surface of stone work 
corrodes iron, and brings about decay generally. 
The whole subject was very fully gone into by 
Dr. Angus Smith many years ago, but very little 
has been done since then to mitigate the evil. 

Fuming Sulphuric Acid. This acid 
consists of ordinary sulphuric acid with sulphur 
Irioxide dissolved in it. It was originally made 
at Nordhausen, in Germany, by distilling green 
copperas (crystallised sulphate of iron) which 
had been exposed to the air. The acid collects 
in the receiver, while oxide of iron, or colcothar 
i see Paints], remains in the retort , No\\ adays it 
is made by the contact process already described ; 
obviously this should prove the most rational 
method of manufacture on a large scale. It 
is used in the colour industry. 

Nitric Acid. We have already explained 
how nitric acid is prepared for the manu- 
facture of sulphuric acid. Some manufacturers 
use ready-made nitric acid. It is prepared by 
distilling CJhili saltpetre [see Manures] with 
strong sulphuric acid from iron retorts. It is a 
very curious thing that nitric acid, when weak or 
moaerately dilute, rapidly dissolves iron, but has 
little or no action on the metal when it is .strong. 
The iron retorts arc sometimes arranged so that 
the whole of them, including the uj)})cr })art, is 
kept heated, in order that no acid condenses 
on the metal cover. 

In the Valentia plant [llj, as adopted by 
Berk & Go., the retort, is about b ft. broad 



and 4 ft. deep. The acid is distilled off under 
diminished pressure (say two-thirds of an atmo- 
sphere). The acid fumes are led into suitable 
condensing arrangements made of porcelain or 
glazed earthenware, and consisting of a series of 
Woulff bottles, that is to say, earthenware bottles, 
with two tubulars or flanged holes in the toj). 
Each bottle is connected up with the next by 
means of an earthenware tube in the shape of an 
inverted U luted into the holes. From the retort 
the fumes pass into a Woulff’s bottle, B, to con- 
dense any sulphuric acid carried over. The tern- 
jierature here is too high to condense any nitric 
acid. Next comes a “worm,” C, in which a 
good deal of acid condenses. The “ worm ” is 
an earthenware tube, corkscrew shaped and sur- 
rounded by cold water. Much of the nitric acid 
condenses in the worm and collects in two Woulff 
bottles, D and E. What escapes condensation 
passes through a second worm, P, and a long series 
of Woulff bottles, G, the last of w^hich contains 
water to hold back any remaining traces of acid. 


The quantity of sulphuric acid taken is some 
30 per cent, in excess of that theoretically 
required in accordance with the equation, 
2 NaN 03 +H.^,S 04 = Na^SO^ H-2HNO, in order 
that the resulting nitre cake (sulphate of 
sodium) may remain sufficient fluid to be run 
out of the retort when the operation is over. It 
is utilised for making “ salt cake ” [see below]. 
The stronger the acid used for decomposing the 
nitrate, the stronger the nitric acid produced. 

Pure nitric acid decomposes rapidly when 
heated, so that the crude product is always 
contaminated with red fumes. These consist of 
oxides of nitrogen such as arc used in the chamber 
process. These red fumes condense with the 
nitric acid in the first bottles, and arc easily 
driven out of the acid by a current of air. From 
what has been said it will be understood that 
the strongest nitric acid cannot be distilled un- 
changed. Strong nitric acid has a specific gravity 
of 1 *42 and contains about 70 per cent, of pure 
acid. The veiy strongest and purest acid has 
a specific gravity of 1*5, that is to say, it is 
half as heavy again as water, and contains over 
90 per cent, of pure a(’id. The strongest acid 
is used for making guncotton, smokeless powdiM*, 
and other explosives. 

Hydrochloric Acid and Salt Cake. 

Hydrochloric or muriatic* ac id is a combination 
of hydrogen with chlorine, and is used in con- 
siderable quantities in the preparation cjf 
chlorines bleaching powder, and for pickling 
iron in the manufacture of galvanisc'd sheets. 
Although in itself of considerable importance, 
it is formed as a by-product in the manu- 
facture of alkali. 'Fhe raw material consists of 
common salt, which is a compound of the metal 
sodium aiid chlorine. When decomposed with 
sulphuric acid the chlorine is liberated as 
hydrochloric acid gas and the sodium is Jett 
('ombined with the sulphuric acid as sJdiiini 
sulphate. The operation is carried out in 
a special salt cake furnace, consisting of a jian 
to contain the salt c()ver(>d with a brick hood 
or dome, with a tube leading out of it for cairy- 
ing away the hydrochloric acid gases. 

In this pan tlie operation carried out is 
represented in the main by the following chemical 
equation : 

Na(‘l 4 H..SO 4 - NaHSOj -l HCl 
(Vmimon Suljjliuric Acid Hydrochloric 
salt acid sodium acid 

sulphate 

Sulphuric acid, sj). gr., about 1*7, such as 
comes from the lover tower, is run into the 
pan, and the decomposition promoted by a fire 
underneath. 

Absorption of the Gas. Tlie reaction 
takes place with considerable violence, and 
torrents of gas are given off. These gases 
are led into towers filled with coke, similar in 
construction to the towers used in the chamber 
process for the manufacture of sulphuric acid, 
except that in this ease water, and not sulphuric 
acid, trickles down from a cistern above. The 
water from the cistern flows into a trough which, 
as soon as full, tips over and discharges watei* 
automatically into the tower, and then re-fills 
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WATEB DISTRIBUTOK 
AT TOP OF HYDRO- 
CHLOBIC AOip 
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automatically and discharges again fl2]. It 
is found in practice that an intermittent dis- 
.. charge is better than a 

Uj continuous one. Two or 

y three of these towers 

. A stand together, and when 

\ .y gas is not absorbed in 

one tower, it passes on, 
and is absorbs in the 
next. The Alkali Act 
12 s^ts a limit of *2 grain per 

WATER DISTRIBUTOR amount 

AT TOP OF HYDRO- "f, ““y. ^ 

CHLORIC ACID »llowed to escape into 

ABSOBBIN(i TOWER i j n . 

Although hydrochloric 

acid is very soluble in water — the latter dissolves 
some 500 times its own volume of the gas — its 
absorption in the towers is not such an easy pro- 
cess as would at first appear. Tlie gas is not given 
od evenly and uniformly during the reaction, but 
the gi*eater part of it comes off with a rush at the 
beginning. At this time the absorbing power 
of the towers is taxed to the utmost. Then the 
gases are hot and require cooling, and they arc* 
also diluted with large volumes of inert gases, 
such as air — all which circumstances render it 
more difficult to ensure complete absorption in 
the towers. At the bottom the concentrati'd 
muriatic acid is drawn off. 

Open and Cloee Roasters. When the 
reaction in the iron pan, A, is complete, which 
will be in the course of an hour or so* the solid 
mass is raked forward on to a brick floor in 


another part of the furnace, B, where the heat 
is greater ; here the reaction is completed, the 
mass being stirred up from time to time l)y a 
workman with a long iron crowbar, to prevent it 
from caking or crushing on the hearth. 

The chemical reaction may be represented thus : 
NaHSO^ H i;aCl ~ Na^SO^ + HCl. 

Acid Common Neutral Hydrochloric 

Sodium salt sodium acid. 


sulphate sulphate 

But in practice these two reactions take place 
aimultaueously, and cannot be sharply separated 
trom one another. A small excess of sulphuric 
acid is often taken, over and above that actually 
required to produce the decomposition. 

This part of the furnace is differently eon- 
struettd, according to the purity of the product 
required 1 18 and 
14]. If the salt 
cake be wanted for 
making alkali, th(‘ 
oidinaiy revorbera- 
. _ tory furnace, or opev 

18 . OPEN ROASTER roaster, is employed 
fl8], whore the 
flames and hot gases 
from the fire on the 
grate, C, play over 
the surface of the 




14 . CLOSE BOASTER material on the 
hearth, B. If a 
purer and whiter product is wanted, such as is 
used by glassmakers and wood pulp boilers, a 


muffle furnace, or cI>ose roaster, is used [ 14 ], one 
in which the flames and hot gases do not come 
directly into contact wdth the material, but play 
round the firebrick box, B, in which the salt 
is contained. It is usual; in this case, to use a 
slight excess of sulphuric acid ; the gases given 
off are not so pure as in the first part of the 
process. They are carried away and the acid 
absorbed in separate towers. 

One hundred parts of salt yield something 
like 116 to 120 parts of salt cake. 

Mechanical Furnaces. Many inven- 
tors have devoted themselves to the construc- 
tion of mechanical furnaces in the place of the 
roasters just described, to economise labour and 
fuel, and to avoid the risk of breaking the pans. 
The most successful of these is Mactear’s, which 
consists of a revolving circular bed or pan into 
the middle of which the salt and acid are con- 
tinuously fed. Over the bed is a fixed arch, 
the fire passing between them. The pasty mass 
gradually spreads towards the outer edge of the 
pan and stirrers carry it to the cireumference, 
where it falls off the edge, collecting in a 
trough underneath, whence it is carried away. 
The salt-cake round the edge of the pen forms 
a lute and prevents the escape of hydrochloric 
acid under the pan, flues above being provided 
to carry it off. As the process is perfectly 
regular, the hydrochloric acid is given off in a 
continuous stream. 

Salt Cake Without Sulphuric Acid. 

By the Hargreaves and Robinson process, salt 
IS dccompcHcd by a mixture of gases from the 
pjTites kilns — chiefly sulphur dioxide and air — 
without the direct intervention of sulphuric 
acid. The gases, mixed with steam, are led 
into cast-iron cylinders containing salt, when the 
following reaction ensues : 

2Na(^l 4 80^ +0 4- Hp 

Common Sulphur Oxygen Steam 

salt dioxide 

- Na,SO, -i- 2HC1 
Sodium Hydrochloric 
sulphate acid. 

In ord*r that the reaction may be complete, 
a series of iron cylinders is provided, and the 
fresh gases are M fiist into the cylinders in 
\^hich the salt has already been exposed for some 
time to treatment, finally reaching those freshly 
filled with salt, when the gases are nearly ex- 
hausted. Special precautions are necessary 
to allow of free passage of the gases ; the salt is 
moistened with steam, pressed into cakes, and 
dried . In this state it is fed into the cylinders, the 
uhole operation being conducted mechanically. 

Properties of the Acid. The com- 
mercial hydrochloric acid is a fuming liquid, 
generally coloured yellow by the iron it contains. 
This iron is derived from the pans. Its purity 
will generally depend upon the purity of the 
sulphuric acid used to discompose the salt. If 
pyrities acid has been employed, the hydro- 
chloric acid will contain arsenic. The common 
muriatic acid contains from 30 to 32 per cent 
of hydrochloric acid gas 


CoTtfinmd 


4634 




THE MAKING OF WROT IRON 

Group 14 

METALS 

Finery Methods. Puddling;. Modified Pro- 

6 

cesses. Rolling; Mills. Rolling; Special Sections 

IKOV A^D Blkkl 

<'outiuu«><) fruui 
page 4-171 


By A. H. 

THE production of malleable iron from pig iron 
* is divisible into two classes — the ancient or 
finery methods and the reverberatory or puddling 
methods, although the reactions are similar 
in both cases. 

Finery Method. The graphite first 
passes into combined carbon and is then con- 
verted into carbonic oxide by the oxygen of the 
blast directly or indirectly by the action of oxide 
of iron dissolved in the slag. At the time of 
fusion the foreign elements begin to be rapidly 
oxidised. The silica unites with the oxide 
of manganese, together with some oxide of iron, 
and forms the slag. The ferrous oxide (FeO) of 
the slag acts as a vehicle for oxygen, uniting 
with the oxygen of the air and is converted 
into the magnetic oxide- (Fe ,0 4 ). This coming 
into contact with impure iron oxidises the iron 
itself, being converted into FeO. After a time 
the slag becomes neutral, and is in part removed ; 
then fresh basic and hammer slag are added. 
To complete the operation the ii’on in masses is 
lifted up to the tx^yer level in order to oxidise 
the carbon thoroughly. The white-hot mass of 
iron, which is of a spongy consistency, is then 
taken to a heavy hammer and compressed to a 
slab, termed a hhmn. The subsequent treatment 
of the bloom varies in different countries. In 
Italy the partially-refined mass is taken out and 
cooled with water, then broken up and reheated 
sufficiently to allow the iron and the slag to 
cake together, when it is again removed. In 
the third stage the above mass of iron is reheated 
with a rich slag until it is practically refined. 

Charcoal Iron. In South Wales a superior 
quality of tin-plate iron is made from the best 
pig iron in a charcoal finery. The pig iron is 
Wt partially refined in a special hearth, termed 
a refinery, and then treated in charges of 3 cwt. 
in the finery. The bloom of refined iron is 
then shingled and drawn out into a bar under 
a lever hammer. This bar is nicked, broken 
and made into bundles, then reheated and 
welded under a hammer and rolled into sheets. 
Before finishing, the sheets are annealed, pickled 
to remove scale, and rolled cold into sheets. 

Materials for Wrot Iron. In the 
above finery methods white cast iron is more 
suitable for conversion into wrot iron than grey 
iron, since it does not pass directly into the 
liquid state, but assumes, when near its melting 
point, an intermediate pasty mass, which is 
favourable for the more effective oxidising 
action of the air and slags. Grey iron, on 
the other hand, requires a higher temperature 
for fusion and becomes very liquid, and in a deep 
hearth sinks below the level of the blast, becomes 
covered with slag, and is completely protected 
from the action of the air ; the refining is delayed 
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with the consequent expenditure of extra fuel 
and labour. For this reason grey iron was first 
converted into white iron in the refinery. In 
former times hearth refineries were called 
hloonieriea. The reheating or u elding fires were 
termed chaff cries. 

The old finery is a rectangular hearth, forme<l 
of east-iron plates lined with charcoal, the bottom 
being exposed to the air. Three sides are verti- 
cal, while the remaining side slopes outwards. 
The blast is supplied by a single twyer. The 
fuel is charcoal. In the Lancashire hearth the 
blast is heated to about 100 ® and used at a 
pressure of 1 lb. to IJ lb. 

Reverberatory or Puddling Process. 
The method of dry puddling in a reverberatory 
furnace was developed by Cort in 1784. The 
furnace bottom was dished out and lined with 
sand, which became glazed over with slag 
during the w-orking. In later years the 
bottom w'as covered over with oxide of iron, 
formed by oxidising scrap iron in a strongly 
oxidising atmosphere. Each operation was 
comj)osed of three periods— fusion, rabbling, and 
forming the blooms — white or refined iron 
being used. About 4 cwl. of refined iron were 
charged into a hot fiunaee, and partially melted 
in half an hour, forming a pasty mass, which 
was then stined with iron tools to bring all parts 
under the influence of oxygen. As the impurities 
were removed and passed into the slag the iron 
became less fusible, requiring the temperature to 
be raised. The particles of refined iron were 
then collected into balls by the ])uddlcr, which 
were taken to the hammer and subsequently 
rolled. The reactions are similar to those of 
the finely, and the samt* kind of iron is used. 

In 1830, Hall found that by using old furnace 
bottoms, which contained much oxid(* of iron, 
as a material for lining his puddling furnaces, 
the process was sliortened and tlu* preliminary 
fining in a refinery could be dispensed with. 
This caused the oid brick furnaci* to bo dis- 
carded and to be replaced by a frame of air- 
cooled iron plates. This was lined with calcined 
tap cinder (bulldog), which is still partially used. 
This method is characterised by the complete 
fluidity of the pig iron, and grey iron may be used. 

The Puddler at Work. When the furnace 
is charged, the door is kept closed and the fires 
made up. When the iron is softened, the 
puddler, by means of an iron bar termed a rabble, 
moves the unmelted portions into the centre of 
the furnace and increases the temperature of the 
fire. When the whole is melti*d. it is rendered 
uniform by stirring and the dampi'r lowered until 
the surface is covered with slag. In order to 
cause the slag to react on the moltcm metal, tlu? 
whole is well stirred. The slag is also made more 
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basic by the addition of hammer siag and mill 
cinder. The oxide and silicate of iron react 
on the combined carbon, forming carbonic oxide, 
which by its rapid escape causes a rapid com- 
motion m the metal, which is said to boil. The 
action is facilitated by constant stirring. As 
the carbon diminishes, the action becomes less 
violent, the iron begins to separate — termed 
coming to nature — in bright spots, which gradually 
collect together. This reduced iron is subjected 
to a final heat to separate the fluid cinder. The 
iron is then collects into balls of about 80 lb. 
each. These balls are separately lifted by tongs 
to a table in front of the door and dragged or 
carried to a shingling hammer or squeezer to 
consolidate the iron and to remove the slag. 
The process, therefore, includes the following 
operations : 

1. Melting the pig iron with or without pre- 
heating. 

2. Addition of oxidising materials. 

3. Removal of carbon by 
oxidation at high tempera- 
tures. 

4. Consolidation of the re- 
fined iron into balls. 

The excellence of the iron 
reduced will depend on the 
ind of pi-T^ iron used and 
a high temperature during 
the boil, for if the tem- 
perature be too low the 
reducing action of the car- 
bonic oxide prevents the 
complete liberation of car- 
bon, and hard, steely iron 
results. The slag is essen- 
tially a silicate of iron con- 
taining many of the impuri- 
ties originally present in the 
iron, and is termed tay cinder. 

Yorllshire Method 
of Fettling. The cele- 
brated brands of iron 
known as Bowling and Low- 
moor are made by a pro- 
(iess intermediate Wtween 
that of the dry method and 86. 
the wet method. Cold- 
blast pig iron is used. This pig iron is first 
treated in refineries, the plates of metal thus 
obtained being reheated and charged hot into 
the puddling furnace, where a high temperature 
is used. The metal, Mng free from silicon; is 
soon refined, and the balls of iron produced are 
shingled into blooms or “ nobtins ” about 
12 in. square and 2 in. thick. They are then 
broken, the most fibrous and least crystalline 
ones being selected as the best iron. These are 
piled, reheated, and welded into billets, and 
after again being reheated are rolled into bars. 
The success of the operation lies in using good 
pig iron and using only the best of the puddled 
blooms. It is uniform in Quality, and stands 
several times reheating and welding without 
deterioration. 

Puddling Furnace. The modem pud- 
dling furnace [34 to 86] is a single-bedded 
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reverberatory, with a low, flat roof, generally 
sloping from fireplace to flue. The fire-bridge 
and the flue-bridge are formed of hollow castings 
encased in firebrick ; the bed is likewise form^ 
of iron plates rebatted together ; and the 
sides consist of hollow iron castings. These 
hollow castings are kept cool by the circulation 
of air or water throu^ them. The laboratory, 
or working part, is about 6 ft. long and 4 ft. 
wide, tapering towards the flue-bridge. The 
grade area varies from one -third to one-half 
that of the laboratory. The bed is lined with 
broken slags, hammer scale, and red oxide of 
iron, or puddlers’ mine, and the sides with bull- 
dog, all being well rammed down, which is 
termed fMing. The whole of the brickwork 
is cased with side plates of iron, united by 
flanges and bolts and boimd with tie-rods. 

In Cleveland burnt pyrites (blue hilly) is used 
as a fettling. The working door is on the same 
side as the fire-hole, and is made of firebrick, 
set un an iron frame ; it is 
suspended by a chain at- 
tached to a counterpoised 
lever. A flue is generally 
provided for each furnace, 
and communicates with its 
own chimney or passes into 
a boiler for utilising the 
waste heat. The flue slopes 
down towards the stack, its 
sectional area being about 
one - fifth to one - seventh 
that of the fireplace. Tht» 
draught is usually regulated 
at the top of the chimney 
by a damper, which is 
moved by a hanging chain. 
Two men are required for 
each furnace — the puddler 
and the under-hand. About 
six heats are worked off in 
12 hours, the charge being 
about 4 cwt. to 4J cwt. The 
smaller amount refers to 
grey iron, and the larger to 
a mixture of white and grey 
iron. The loss of weight 
between the pig iron charged 
into the furnace and the puddled bars is 
about 1 J cwt. to 2 cwt. per 22 cwt. of pig metal, 
or from 7 to 10 per cent. The coal required is 
about 20 cwt. to 22 cwt. per ton of puddled 
bars. The fettling materials required in a turn 
of 12 hours are from 6 cwt. to 7 cwt. of bulld^ 
and from 2 cwt. to 3 cwt. of puddlers’ mine, in 
addition to the mill-scale added to the charge. 

Fettling. The fettling used in puddling 
fumacee is of three varieties, depending on the 
quality of the pig iron employ^. It may be 
classified as fusible, moderately fusible, and tw- 
fusible. The fusible kind is a silicate of iron 
containing some magnetic oxide. Hammer- 
slag is the material us^ for this purpose. It is 
regarded as a flux, and the object is to yield a 
fluid bath into which the grains of iron may 
trickle and become purified during the melting- 
down stage,' and thus hasten the operation. The 
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amount of slag required is about one-sixth that 
of the pig iron used. The moderately fusible 
kind is used to form the sides of the* furnace. 
It must have a higher melting point than the 
pig iron, and melt only as the temperature 
rises, so as to nourish the iron at the later stages 
of the refining. Bulldog and similar material 
which contain much ferric oxide are used for this 
purpose. Bulldog is calcined tap cinder, the 
calcination being conducted in open heaps or 
in kilns. This fettling is used for ordinary 
varieties of iron, but for the best brands of 
wTOUght kon a more infusible fettling is employed, 
such as purple ore or blue billy. The infusible 
fettling consists of ferric and magnetic oxides, 
such as hsematite and pottery mine, used in 
compact lumps. 

Pig Iron for Fuddling. White pig 
iron is sometimes employed for puddling, 
especially on the Continent, for making sheet 
iron, as the sheets are less liable to black streaks 
of slag. White iron works more quickly than 
grey, as it contains less silicon and manganese, 
hut it gives a smaller yield of puddled iron per 
ton of pig iron used. The iron chiefly used 
in England is No. 4, which is a strong and close- 
grained grey pig-iron. As already mentioned, 
the fettling used depends on the quality of the 
pig iron, for if much silicon and phosphorus arc 
present a moi’e infusible fettling is required. 
Such irons ai-e said to be “ hungry.” They 
require more time, more fettling, make the 
slag too thin, and tend to yield a brittle bar iron. 
A little phosphorus is an advantage, as it 
increases the yield of iron and prevents the 
cinder from getting too thick towards the end 
of the operation, w^hich would produce red- 
shortness. The presence of manganese is an 
advantage, since it covers the carbon, delayh 
its removal, gives greater fluidity to the slag, 
and helps to remove phosphorus and sulphur. 

Special Furnaces. In Andersoirs fur- 
nace the end and crown of the fireplace are 
made with a double wall of bricks forming an 
air passage betw^een. The air in passing tlirough 
this becomes heated and thus supplies hot air 
10 the furnace ; it also serves the purpose of 
keeping the outside walls cooler. This system 
is employed in the North of England for ball 
and mill furnaces. Double furnaces are also 
(unployed and consist of two furnaces placed 
back to back with the dividing wall removed. 
They have the disadvrntages of unequal working 
of the men and the greater difficulty of working 
w ith larger masses of metal. 

Mechanical Puddling. Many attempts 
have been made to introduce mechanical 
puddling tools in order to lessen the enormous 
manual labour expended in hand puddling, but 
with little success. Such tools are arranged 
so as to Ije capable of a compound motion 
over the bed of the furnace. The rabble is 
supported in a stirrup connected with a lever 
actuated by overhead mechanism, and by 
means of a fast and loose pulley can be put in 
or out of gear at will. 

ReTolving Furnaces. The best form 
is that of Danks, which consists of an iron 


cylinder with conical ends. 4 ft. long and 51 ft. 
ill greatest diameter. On the inside aie twelve 
ribs to keep the fettling in position. The 
cylinder is encircled at oa^ end with a roller- 
way, which rests on anti-friction rollers. One 
end is open to the fireplace and the other opens 
into an elbow-shaped movable flue leading 
to the chimney. The fireplace is provided 
with an air-blast pipe placed below the grate, 
and also small twyers for introducing air at tlic 
fire-bridge. The furnace is lined initially with 
a mixture of crushed ore and lime ; then on tliis 
there is laid a lining of iron ore and hammer 
slag, into which, when soft, lumps of hai’d ore 
are thrown. The charge consists of pig iron 
with 20 per cent, of cinder, and as this melts 
the furnace is revolved, the action being the 
same as in the oi'dinary puddling furnace. The 
process is automatic, and the puddled iron is 
collected into a large hall ready for the 
hammer. 

Gas Puddling Furnaces. By the use 

of a gas furnace a higher tempej’ature can 
he obtained than by using solid fuel. Of such 
funiaces that of Siemens is one of the best. 
It is of the ordinary regenerative ty}K\ and it 
possesses the advantage^ of having the tem- 
peratures more under control, and an oxidising, 
reducing, or neutral atmos])]iei<* can he obtained 
at will. 

Treatment of Puddled Iron. This 
consists of shingling or hainm(*ring, and I’olling. 
Squeezers are also used instead of the hammer. 
The white balls of jniddled iron are taken to 
the hammer or squee/er to expel slag, to wt'ld 
the iron into a compact mass, and to confei a 
shape s\iitable for rolling. The tilt hammer is 
used for small woik. The lielvc hammer was 
universally employ(‘(l for heavy work, but has 
been largely replaced by tlie steam-ha nnicr. 
This is now used both for -Hhingling and wilding. 
It is a simple direct-at ting machine, and takes 
but little room compaiecl with the eunibrous 
wheel work of the old helve. The force of th(‘ 
blow in shingling is generally required to lie 
light at first, and with the steam-hammer the 
force can be varied with the work to be done. 

Another advantage is that the hammer 
always works paralhd with the jiieee under 
operation, which is not the case wdth helves, 
the hammerman having to use thickness pieces 
to overcome this difficulty. Both sides of the 
steam-hammer are also aeeessible for working. 
It consists essentially of a vertical high-pressure 
engine with an inverted «*ylindcr. The piston 
rod is attached to a heav^ block or tup moving 
between guides on the inner faces of the stand- 
ards, which form part of a massive cast-iron 
framing. The ordinary hammer is double- 
acting, the steam being exhausted above and 
below the piston. The hammer varies in 
weight from 30 civt. to 00 cwt., but the force of 
the blow is, to a great extent, independent of 
the mass of the hammer head. 

Squeezers are of tw o kinds — lever and rotatory. 
In the former a movable upper jaw is actuated 
by a Clank and connecting rod attached to one 
end. The rotatory s<pipezei‘ consists of a 
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cylindrical casting, the inner suiiace being 
studded with teeth. Within this also revolves 
a cylinder similarly studded and placed ec^n- 
trically with regara to that of the outer casing. 
The ball is carried forward along a gradually 
narrowing path and compressed to smaller 
dimensions. 

Rolling Mill. The rolling mill for 
puddled iron contains two sets of rolls — the 
roughing and the finishing rolls. The rough- 
ing rolls are usually 5 ft. long, and about 
20 in. in diameter, forming a series of gothic 
and diamond -shaped grooves between them, 
diminishing in size from right to left. The 
larger grooves are gothic shaped and roughened, 
so as to lay hold of the iron more effectually ; 
the smaller ones are diamond shaped. The 
distance between the rolls is regulated by the 
screw's and the connection between them is 
established by means of the oogo attached to 
the ends. The journals or neeks of the rolls 
run into metal bearings, which are supported 
in east 'iron frames or housings. Tlie finishing 
rolls are arranged in liousings similar to the 
roughing pair, but have rectangular channels 
instead of the diamond grooves. These channels 
diminish in siz^ from right to left. The two sets 
of rolls are generally connected together by 
heavy coupl'ngs keyed tightly together. The two 
rolls of each pair revolve at the same speed, 
which in the roughing rolls is about 70 revolu- 
tions per minute, and in the finishing rolls about 
90 per minute when separate. 

The bloom of iron is first passed through the 
largest groove of the roughing rolls, then lifted 
back over the top roll, turned one quarter 
round, and passed through the next smaller 
hole. This operation is repeated until the 
bloom is reduced to a square bar small enough 
to enter the flat grooves of the finishing rolls. 
In this pair the process of reduction is continued 
until a puddled bar of the desired thickness is 
obtained. Puddled bars may have ragged 
edges and a rough surface, and for the produc- 
tion of good bars they are cut up, piled, re- 
heated and welded. 

Reheating. Bars and slabs of iron 
obtained by shingling and rolling puddled iron 
require to be refined if best malleable iron bo 
desired. They are cut up into short lengths, 
arranged in faggots or bundles, then reheated and 
welded by hammering and rolling. The rever- 
beratory furnace for reheating is somewhat simi- 
lar to tho puddling furnace, but the bed is flat, 
with a slight slope downwards towards the flue, 
so that the liquated cinder flows out at the flue 
bottom and is termed fine cinder. Ordinary 
reheating furnaces are relatively inexpensive 
to erect and are easily worked, but are ex- 
travagant in fuel, while the waste due to oxida- 
tion is considerable. On this account gas -fired 


furnaces are largely used with consequent saving 
of fuel and dimmution of oxidation. 

Mill rolls are classified according to their 
shape into : 

1. Flat or plain rolls for sheets and plates. 

2. Grooved rolls, for bars, angle and channel 
iron. 

For the production of sheets and plates re- 
quiring a fine surface chilled rolls are used. 
The mill rolls or mill train for rolling merchant 
iron also consists of two sets — the billeting or 
roughing pair and the finishing pair. The rolls 
are provided with tightening and , adjusting 
screw's for keeping them accurately in 
position. 

Rolling Small Sections. In rolling 
small and light sections, which are difficult 
to keep from distortion while hot, a fore plate 
and guide jaw’s are added to the arrange- 
ment so as to keep the section straight. In 
two-high trains revolving constantly in one 
direction, it is necessary to return the work over 
tho roll after each pass, and this takes up a lot 
of time so that reversing rolls are often used 
and reversed at each pdssing of the metal. The 
reversal is effected either by reversing th(‘ 
engine itself, or by the use of hydraulic friction, 
or other clutches and gearing on tho engine shaft . 
For lifting the iron on to the top of the i^ingle 
pair of rolls after a passage through them, f-o 
as to return it to the man for another passage', 
a travelling carriage with forked levers is used 
for light work. For heavy work an iron table 
IS provided which is raised by a single-at'ting 
engine, or by a hydraulic cylinder and ram. 
Three-high rolls consist of roughing and finish- 
ing rolls each of which is a combination of three 
rolls in its own pair of housings. In this ca^e 
the mill is generally driven from the middle 
roll, and arranged so that the middle roll revolves 
forwards with tho lower one and backwards 
with tho top one. The w^ork thus passes back- 
wards and forwards alternately through the 
upper and lower pair. The various shapes into 
which the iron is finally rolled are: plates, 
strips, sheets, bars, rails and various sections. 
Bars are round, half-round, square, flat, oval, 
octagon, etc. 

Special Sections. Other shapes are 
made, such as tec-iron, T ; angle -iron, L ; 
channel -iron U ; aitch-iron, H ; Z-iron, etc 

There are three chief imperfections in finished 
iron ; these are (1) epillSt which are duo to 
enclosed foreign matter, such as slag or oxide 
of iron ; such parts prevent cohesion and 
cause the metal to peel off after rolling ; 
blisters^ due to the presence of enclosed gases, 
such as carbonic oxide ; (3) ragged edges, due 
to imperfections in the rolls, or careless working, 
or it may be due to the iron being deficient in 
cinder, which makes the metal red-short. 
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I N heavy carpentry there is a gi*eater proportion 
* of temporary work now used than formerly, 
very large timber structures being often erected 
only to serve as stagings for permanent buildings 
in iron or stone At the same time, for large 
work of a p^^rmanent and substantial character, 
wood is becoming less and less popular, but it 
is still employed largely in those countries where 
it is plentiful and cheap. One result of the 
extensive use of temporary works is that car* 
pentry is often of a simple character, for there 
is Jess necessity for elaborate and neat jointing 
than there is in permanent structures. Bolts, 
straps, tie rods and castings are used more 
freely to unite timbers,. and less time is spent 
in making joints more or less intricate in the 
wood They are of the simplest possible 
character, being, as a rule, nothing more than 
plain butt or lap joints, united by suitable metal 
connections. In permanent work more regard 
has to be paid to appearance, and though m 
many cases the same metal fastenings are 
employed the finish must be neater and the 
fitting more carefully done where there is advan- 
tage in making it so. Heavy carpentry, how- 
ever, is comparatively simple w’ork, and largely 
lepetitive when the arrangement and dimensions 
of the timbers have been decided on. Some 
selected examples are given in this article. 

Flitch Beams. When beams of great 
strength are required the wood is often flitched. 
Tills is done by saw ing the balk down the middle 
and bolting it together again with a wrought- 
iron flitch plate between [804-]. The plate is 
about J in. thick, and of the same length as the 
lieam, but generally a trifle less in depth, to 
allow for shrinkage of the wood, and to avoid 
the consequent projecting ridge of metal. The 
heart of the wood in such cases is turned out- 
w ai ds, to expose it to the air and ensure thorough 
seasoning. Even without the metal plate 
between, rather more reliance can be placed on a 
balk which has been treated in this way than on 
«i solid one, because there are then no fissures 
hidden in the interior which would make its 
actual strength uncertain. Another method less 
commonly practised is to bolt plates on the 
outside, enclosing the beam between two plates 
of metal. Flitch beams, however, and also those 
in which great depth is obtained by joggling, or 
serrating balks together, examples of which were 
shown in 238 and 239 [page 4115], are being less 
and less employed, owing to the inci easing use 
of rolled iron or steel girders. 

Temporary Towers. Timbers of un- 
limited length and section can also be built up 
of deals, as shown in 237 [page 4115]. For the 
support of the Charing Cross Station roof, after 
the collapse of the tie rod in December, 1905, 


the uprights were built in this way. Each up- 
right comprised three thicknesses of 9 in. by 
3 in. planking, bolted together to break joint. 
They were about 80 ft. high, and covered an 
area of 25 ft. There were eight uprights to 
each tower, and all braced together with hori- 
zontals and diagonals. The towers were con- 
nected by strong stagings and to the station 
walls. Timber lends itself better to rapid wnrk 
of this kind than metal does, for these massive 
towers were erected in eight or nine days and 
nights. 

Trussed Beams. These are veiy fre- 
(juently employed in preference to more massive 
solid beams of equal strength. Trussing may be 
done by tie rods within the depth of the beam, 
airang^ to prevent it from sagging in the middle, 
but usually the truss extends below the timber, 
as in 805 and 806. Square balks are thus usually 
employed sufficiently rigid to resist transverse 
strain when trussed, the stress being transmitted 
to the trusg rods as tensile forces, and to the 
struts as compressive ones. A truss with two 
struts is properly braced by diagonal lies 
between, as dotted in 806, if it has to carry a 
load moving from end to end, but not otherwise. 
The reason is that the tie rods tend to straighten 
out, and bend the beam unless counterbraced. 
The depth of beam may sometimes be made 
strong enough in itself to resist this tendency, 
hut that would not be practicable in long spans. 
If there is no moving load, but a dead one 
imposed, no counterbracing is necessary. 

Trussing may be an alternative to the employ- 
ment of diagonal struts from the posts which 
support the ends of a beam, but m many cases 
strutting is not practicable, as, for instance, in 
the beams of an overhead travelling crane, which 
must be free to move along its gantry. 

Tn short spans, the beam is trussed with a single 
support or strut in the middle [806, A] ; in longer 
ones support is given at two intermediate points 
( 806, A A]. The struts are usually castings, 
but are sometimes made of timber, fastings, 
B B, are usually necessary also on the ends ot 
the beam, having lugs to receive the screwed 
ends of the tie rods, and provide a seating 
for the nuts in tightening up the rods. 

The carpenters who prepare the timliers also 
fit the castings and complete the truss. The 
recesses in the castings are properly i in. or J in. 
less than the timber sections to allow a little for 
}X)ssible shrinkage and fitting. They arc tapered 
to drive on tightly, the timber ends are smeared 
with thick, white load paint, and the shoes 
driven on with heavy, long-handled mallets. 
In many cases a single tie rod will be fitted in the 
centre of the beam instead of two, a^ shown in 
305 and 806, flanking the Ix^am. Then diagonal 
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holes have to be bored with an auger to pass the 
bolts throng. The threads of the bolts must 
never measure less in diameter at their 
than the diameter of the tie rods* 

Built-up Girders. Instead of trussing a 
beam with tie rods and strutS) its depth may be 
increased by separating it into upper and lower 
members, and in place of solid material between 
connection is made by diagonal braces [ 807]. This 
increase in depth gives enhanced rigidity without 
corresponding increase in weight. The material, 
in fact, is removed from the middle or neutral 
plane of the beam, where it is of little or no value, 
and concentrated along the planes of greatest 
stress. Diagonal bracing and vertical posts are 
usually associated in this connection of top and 
bottom rails, but the diagonals are the most 
essential; the verticals alone would be useless. 
Often the verticals are of iron rod, while the 
horizontals and diagonals are of wood [807], but 
frequently all the members are of timbei*. 

Trussing and strutting are, of course, neces- 
sary chiefly for horizontal timbers which would 
otherwise not be sufficiently rigid to resist stresses 
which would sink or fracture them about the 
centre. The alternative is to support them at 
frequent intervals throughout their length by 
perpendiculars. This is not always practicable or 
advisable. As vertical timbers are seldom sub- 
jected to direct transverse stress as horizontal 
ones are, they require lateral support to bring 
them into the condition of short colunms. The 
methods of doing this necessarily resemble the 
strutting and trussing of many horizontals, for 
diagonals are required in both cases. It is true 
that in a narrow structure like a ladder diagonals 
can be dispensed with, but if length, width, and 
stability were the only considerations, a much 
smaller number of transverse members w^ould be 
used, and equal stability would be attained by 
diagonal pieces cither fitting lietween them oi 
over all. If we take a framework that is widei, 
or more nearly square in its proportions [808], it 
is obvious that diagonal braces from comer to 
corner will tie the frame more directly and 
securely than a far greater amount of material 
inserted in the form of transverse bai s. Diagonal 
bracing, therefore, is always employed in strue 
tural work between horizontal and vertical 
members. The result is that the main timbers 
of the structure are tied at so many points that, 
no matter what their length or the size or form 
of the structure may be, stresses produce no 
alteration in form, for the diagonals come at 
once into play as rigid ties and struts. , 

Looking at 809, which is a typical arrangement 
of timbers in a tall structure, each vertical 
member would, if unstayed, become bent or 
broken by a vertical load as certainly as though 
it were stressed by direct forces acting laterally. 
But the diagonals and horizontals in effect 
shorten the lengths, bringing the structure into 
a condition of superimposed short columns, 
which would resist bending, the effective length 
of the columns being A A, even without the 
horizontals, which resist tendency to bending 
midway between the union of the diagonals. In 
310, additional rigidity is obtained by the 
4640 


outstanding struts. These are equally suitable 
either for a vertical or horizontal structure. 

Trestles. Trestles are structures placed 
at intervals to support overhead roads, railways, 
bridges, or platforms. They are built up of 
verticals, horizontals, and diagonals, similar in 
principle to 809, but to give increased stability 
on their base they generally taper, as* shown in 
811 and 312. Their design may vary considerably. 
The two examples given are suitable either for 
temporary or permanent works, and are typical 
of many American bridge trestles. Some arrange- 
ments of timbers for temporary staging are 
illustrated in the article beginning on page 1170. 

In permanent structures similar arrangements 
are iiopted, but more carefully and neatly 
designed and executed. Instead, for instance, of 
bolting braces or transverse members on to sur- 
faces, they would be stub tenoned between in tht‘ 
same plane. Or, instead of securing joints by 
driving in dogs or spikes, bolts, coach screws, oi 
straps would be used under similar circumstances. 

Plain butt joints are very common in tem- 
porary work, but not in permanent structures, 
where stub tenons, joggles, cogs, notches, or 
dowels are employed to prevent lateral move- 
ment of the parts quite independently of thi* 
means which hold them together. 

Bridges. Bridges entirely or partly of wood 
are common, especially in America, where timber 
is the material most readily available. Timber is, 
of course, more suitable for very small bridges 
than for large ones. Foundations of stone or 
brick for a wooden bridge are more permanent 
than wood piles. If a bridge runs over a river, 
it is cheaper to drive piles for intermedia^ 
supports, but masonry can be employed without 
difficulty for buttresses. The bri^e itself is 
always tj’ussed in some way to give it sufficient 
strength to span from one support to another, 
and to carry the load requir^. The trussing 
may be done either above or l)elow the roadway, 
or both. Fig. 818 shows a horizontal bridge 
timber supported by struts from the but- 
tresses. 

This, of course, is smtable only lor a very short 
span, but strutting of more complicated charac- 
ter is often practised in addition to trussing. 
Fig. 314 sho^s a simple truss of the king post 
typo suitable for a short span, or, by inserting a 
series of posts and struts, the span might be 
extended. It might also be further increased in 
rigidity by diagonals or counterbraces in the 
opposite direction as dotted. Fig. 815 is a 
truss of the queen post t\q)e, suitable only for 
a short span ; 816 is suitable for long spans. The 
bridge sides are built up of a series of posts and 
diagonal braces between the upper and lower 
chords^ and this may be further stiffened by an 
arched rib bolted to each side as shown. 

Heavy timber work has probably never been 
so fully developed in any country as in the 
United States and Canada, where hundreds of 
railway bridges have been built of that material. 
Timber was, and is, superabundant and cheap, 
and the sawmills convert it into squared sections 
of all sizes at low cost. But for this fact many 
of the primitive railways in sparsely populated 
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diKtricts could not have been construe ted 
Though the timber bridges and viaducts are not 
long lived, neither are those of steel. The 
first part to decay is the bottom chords, or booimf 
which have to be repaired or renewed in about 
from seven to ten years if unprotected from the 
weather. But if covered in they last for about 
thirty years. Timber has been used for spans 
of over 200 feet. The ingenuity which has been 
displayed in building up these spans is an interest- 
)ng study in how to obtain maximum strength 
with materials in themselves relatively weak, 
and with the simolest kinds of joints. These 
trestle bridges ar constructed of trusses with 
triangular panels, one example of W'hich is shown 
m 317, being a Howe truss supported on trestles, 
or towers, some of which are of great height. 
One section of a trestle is a repetition of other 
sections, and one panel of a truss is like another, 
so that the work is repetitive. C^ast and wrought 
iron enter into the construction only at the joints 
and fastenings. As the sticks of timber do not 
exceed from 50 to 60 ft. in length, a number of 
fish joints, or clamp joints, as they are termed, 
ar(‘ necessary in making up the total lengths. 
They are made to break joint at long intervals, 
and iron or wooden clamps are employed to 
tie them. Figs. 317 to 324 show these arrange- 
ments, and also the method of building up the 
|top and bottom booms or chords, while their 
})osition in the bridge truss is seen in 317, which 
hhows a panel, and 818 a cross section through 
the bridge, including the rail track. 

The top and bottom chords, A B, aie each 
built of four rows of jointed balks, breaking 
joint as alr(»ady mentioned, so lhat the joints 
in one low or length come several feet away 
from those in the one adjacent. They are not 
111 lateral contact, but separated about 2 in. 1 319 
.ind 320 J, which gives spaces for the clamping 
plates w^hile avoiding having to notch the tim- 
bers deeply. To key these open balks together 
into a practically solid mass packing blocks 
1 319 A] are inserted at intervals, each set arranged 
in line across, and bolts are inserted through them 
and the timbers, as shown in 319. To ensure a 
tight fit those packings are tapered edgewise, 
iKung about J in, narrower at tlie bottom than 
at the top, and arc thus driven in firmly. The* 
grain runs in the same direction as that m the 
balks, so that they will not loosen by shiinkagc. 

When end joints meet they are variously 
secured by iron or wooden clamps. If of iron, 
.J-in. plates arc used with iron joggles riveted or 
bolted across thorn to enter into grooves in the 
timber [321]. The plates fit on oppo.site faces, 
and bolts pass through the whole. If w'ood 
clamps are used they arc notched to enter into 
notches in the main timbers on each side of the 
joint. Tw'o wooden clamps are shown at 320 hb. 
and a clamp separately in 322. Figs. 323 and 
324 show similar clamps uniting horizontal with 
vertical members. The top and bottom booms 
are identical in construction, differing only in 
dimensions, but the bottom booms are connected 
by cross bracings, and they carry hea\’y cross 
timbers (C, 317 and 318] to receive longitudinals. 
D, upon w^hich the rail sleepers are laid. The 
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fop and bottom booms are connected by the 
diagonals [317], which are stepped against 
castings through w^hich vertical tie bolts pass. 
All this notching and fitting seems tedious, but 
in America the sawmills are erected in the 
forests and in the course of the railways, and 
woodworking machinery is greatly developed.' 

Jointing nnd Fastening. Fig. 325 
illustrates the joggling of heavy balks, involving 
but a small amount of work, yet being abso- 
lutely secure when bolted; 328 shows a stub- 
tenon and strap connection. The latter makes a 
very secure union between timbers which cannot 
be conveniently held by other means. Fig. 327 
is a case where a long bolt and stub-tenon joints 
are suitable. If the timbers were of very large 
section, and great strength was required, more 
than one bolt would be employed. Bolt holes 
slightly weaken the timbers through which they 
are put, while straps round the outside have the 
contrary f^ffect. Fig. 328 is a stub-tenon joint 
similar to the two preceding ones, but instead 
of holding the parts together by a strap or long 
bolt comparatively short bolts are fitted into the 
tenoned ends. This might be done either for 
neatness or when the tenoned member is too 
long for a through bolt to be suitable. Recesses 
are bored for the nuts in one of the faces of the 
timber, and the bolt lioles are bored to suit. 
The recesses are generally plugged after the nuts 
arc in, and the bolts have to be screwed into their 
mils. 

Work Involving Piles. Piles arc ^eIy 
often used for foundations both in temporary and 
permanent ^vork, and both on land and under 
water. The piles commonly used are balks of 
firwood, but the best are of greenheart or elm, 
beeauHc more durable. Piles are pointed, and 
usually sheathed in iron to enable them to pene- 
trate. An iron ring is also fitted round their 
tops to prevent splitting uhen driving. They 
are driven by a av eight called a monkey, >vhich 
slides in vertical guides, and is hoisted and 
allowed to fall by gravity K'peatcdly on tin* 
herd of the piles 

Piles for tlie foundations of structures aie 
spaced according to the weight they have tc 
carry. Those tor coftei'dams and caissons, 
which have to be made watertight, arc driven 
closely side by side, and the joints filled with 
clay or other packing vhen necessary. Tliis is 
called sheet piling. Piles are biaeed and tied 
together after being driven, by waling pieces, and 
the heads are sawn level where necessary. Often 
piles are driven at angles instead of vertically, 
according to the character of the structure which 
they have to support. On land large horizontal 
balks are sometimes laid to bed the verticals on 
instead of driving piles into the ground. For 
permanent structures a concrete bed is often 
made, the bed itself being laid on the tops of 
piles, which are driven flush with the ground 
and tied together* by a horizontal framework. 

CofferdamB. These are constructed of 
double rows of piles, which are drivtm in close 
contact, usually with sawn edges. To keep them 
in lino they are connected by horizontal ^valing 
pieces at intervals of 4 ft. or 5 ft. Short liolts 
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pass through waling pieces and piles. Tlie water 
is then pumped out from the enclosed space, 
and well-tempered puddle clay is filled in and 
rammed down in layers. Thus a watertight wall 
is built, within which, the water having been 
pumped out, excavation can be carried on in the 
dry. In plan view a cofferdam may be of any 
required outline, circular or rectangular, or 
simply fulfil the function of a dam of sheet piling 
to enclose an area from which, without such 
protection, water might be expected to burst out 
on works in progress. When a dam is not a self- 
contained structure it is often strutted. Figs. 
329 and 330 show dams of this kind, the struts 
being combined witli the dam. In these illustra- 
tions, A A are the timber piles shod with iron, 
(jonnccted by waling pieces, B, and fastened with 
bolts ; C is the clay puddle. In both cases the 
dam is shown in proximity to an old dock w^all. 
The struts. D, take the external pressure. In one 
case they are simply driven intx) the old wall. 
Jn the other they are connected to a row of piles 
tied together with horizontal timbers. The coffer- 
dam often takes the form of a strong sea barrier 
to keep out the ocean when tidal docks arc in 
(ioursc of construction. In some cases they 
themselves have to be protected by groynes. In 
such work the construction has to be very 
strong. The seaward piles are then often driven 
at a considerable angle to broaden the base, and 
the sea face is protected with rubble. The inner 
face is tied to a row of piles. Timbers arc often 
creosoted. Fig. 331 shows a section through a 
barrier of this class. 

Staithes. Some line examples of heavy 
timbering are found in the staitlies on Tyneside 
and other Northumbrian ports. They are coaling 
stages along which the old chaldron waggoas or 
the modern trucks are run out by gravity over 
the water for the shipment of c^oals. They carry 
loading cranes if fixed, or gantry or travelling 
types. The staithes are built on piles. As they 
go out from the banks into water deep enough to 
allow vessels to come under the cranes the length 
of the piles becomes considerable next the vessel’s 
side. At the shore end the timbering is plain, 
but as the staith goes out farther the piles are put 
closer together ; sometimes two or more timbers 
are bolted together or single piles are heavily 
fished. Struts and diagonal braefings are intro- 
duced with horizontal timbers, and bolts and 
iron straps reinforce the various joints. Some 
typical constructions arc showm in 882 and 883. 
The former is a staging built on piles and tied 
back to other piles driven in higher up the slope 
of the river bed. The top horizontal members 
carry the flooring ; 388 is a face or end view 
of one set of timbers in a staging. A A are double 
longitudinal balks that tie the several sets 
together. The general arrangement of other 
horizontals and of diagonals is clearly shown. 

Fig. 384 shows a staith end or staging carrying 
a steam crane. The timber work is for tfie staging 
only, the crane being carried on a deep founda- 
tion cylinder of cast-iron rings bolted one on top 
of another with internal flanges. This is more 
rigid than timber foundations for cranes doing 
heavy service. Fig. 335 illustrates an alternative 
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to piling when a rocky bed is encountered into 
which piles cannot be driven. Balks, A, are 
laid upon the rock and bolted down with lewis 
bolts, or retained with rubble thrown on top. 
These then form ties between the uprights and 
the diagonal struts, which form stays to the 
uprights against the pressure of the water. The 
interior between the uprights is filled with clay 
puddle, and the sea front is protected with rubble 
or boulders. 

DocK Gates. Do(*h gates arc often built 
of timber. Greenheart is the best for this pur- 
pose, because it resists better than any other the 
attacks of the teredo navalis. Another advantage 
is its great weight. The difficulty is to obtain 
balks large enough, dimensions of as much as 
20 in. square being sometimes required for ribs 
and heel posts. 

Crane Work. In the manufacture of some 
classes of cranes there is a good deal of heavy 
timbering employed. Many cranes for foreign 
and colonial service also are made cheaply by 
purchasing the necessary ironwork, gears, etc., in 
England, and building timberwork in the country 
where required. The principal elements in which 
timber is frequently used are jibs, the beams for 
some overhead travellers, the gantries ; the 
masts, guys, and sleepers of derricks, the poles 
of sheer-legs, and sometimes the trucks of tra- 
velling cranes used in quarries and on wharves. 
All these, without exception, have some metal 
fittings in the forms of castings and forgings, 
and as these have to bo fitted accurately into 
their places on the crane to which they belong 
the carpenter in the engineer’s works is somewhat 
of a specialist. 

Some parts are fitted by driving only. Among 
such are the socketed feet and heads of timber 
jibs 1 386]. The ends of the stock are sawn nearly 
to size, and then eased with chisels and jilanes. 
The castings are tried from time to time, bein^ 
driven on with a sledge, the easing being thus 
done tentatively. When they are within about 
l.J in. or 2 in. of bedding, the surfaces are well 
smeared with thick white-lead paint and the 
final driving done. The castings are not driven 
right home, but only to within about 1 in. of 
the shoulder. This allows for a little further 
driving subsequently, as at the riglit hand of 
336, when the timber has shrunk. At the left 
hand the timber is seen partly out of its casting. 
Many castings fit around three sides only of 
timber, leaving one side open. Driving is still 
practised, but security is ensured b}^ means of 
bolts [337]. In some cases bonds are shrunk on 
the ends of timber, as in pile tops, ends of gantiy 
beams, but this practice is of limited use. 

Tools and Machinery Employed. 
Among hand tools the tw’o-handled cross-cut, the 
ordinary handsaw, the auger, the chisel, and 
axes and adzes are the chief cutting tools 
employed. The timber in lieavy carpentry 
is not usually planed. Where a considerable 
amount of work has to be done, preparation of 
each piece of timber by hand is slow and ex- 
pensive. The parts, therefore, are either pre- 
pared before they leave the sawmill, or suitable 
machinery is brought to the place where the 



332-334 rsumplos of ntaithos 


TlMif BRING 

335 ^rrier erected on horizontal balks Ingfcead of piles 
fitted into castlnjfH 338-340 Field ifates 


336 and 837 Crniit timbi 






•UILDINQ 

work is being erected. In the latter case the 
machines are usually of a different character 
from those which w'ould be installed for permanent 
use in a shop or sawmill. A small reciprocating 
saw of the three-feller type, foi’ instance, would 
be brought in preference to a large band or cir- 
cular saw. Steam power would be obtained 
from a portable boiler. Light machines, per- 
haps worked by hand, would be used for boring 
bolt-holes, or a combination machine for boring, 
both horizontally and vertically, and cutting 
j’ebates, half laps, and mortises and tenons. 
Jf a great majority of either of these classes of 
work was requii’cd, machines specially for it 
would be employed. 

Appliances of various kinds arc necessary for 
liandling heavy pieces of timber. Transpor- 
tation to the locality is effected by railway or on 
timber caniages drawn by horses. Vfiy large 
balks are can’ied by the latter method suspended 
beneath the axle of a large two-wheeled carriage ; 
smaller ones on a four-wheeled carriage, the 
distance of the back wheels from the front being 
adjustable by sliding them along the pole which 
forms the connecting body. • Transportation for 
short distances at the place where Ahe woik of 
erection is proceeding is effected by travelling 
cranes, hauling apparatus, derricks, crowbars 


and rollers, and numerous other means. Lifting 
is done with ropes or chains round the timber, 
or wrought-iron timber clips, which grip it lightly 
as hoisting power is applied. These are also 
used to assist in turning very heavy balks. 
Hoisting may be done by cranes or crabs, or 
by hand tackle worked through a block attached 
to any suitable support overhead. 

Railway Carpentry. A good deal of 
heavy work is done in railway shops, but it is 
almost wholly that of machinery — sawing, 
planing, tenoning, grooving ; everything, in 
short, but the actual putting of parts together. 
The explanation of this is that it is a class of 
work in which similar parts jointed similarly 
are constantly required, and when this is the 
case machinery for doing the work is always 
infinitely more (‘xpeditious and cheaper than 
hand methods. In many cases hand work on a 
large scale would he out of the question, and if 
the emplovment of machinery were not possible 
tlu‘ work would have either to be done in a much 
simpler and more primitive style or to be left 
undone. The woodwork in railway shops con- 
sists chiefly in the construction of rolling stock. 
Oak is the wood chiefly employed. 


Field Gates. These arc a light class of 
carpentry. Examples of gates are shown in 
338 to 340. Heavier and more ornamental 
varieties are often used for entrances to parks 
and villas. Fig. 338 is a wicket gate. The 
diagonal brace in this and in all other gates 
slopes from the lower part of the hinged or 
hanging post to the upper part of the front 
post. A counter brace as dotted may be added, 
but the brace in the other direction is the most 
essential. The hinge post is stouter than the 
other, and the hinges extend some distance 
along the rails, packing pieces being put on the 
latter, if necessary, to form a level bed to attach 
the hinge to. The rails arc mortised into the 
posts, and are generally spaced farther apart 
at the top than at the bottom of the gate. Fig. 
389 is an ordinary fleld gate, which, when open, 
leaves a clear 9 ft. way, the gate itself measuring 
about 8 in. more than that. The brace in this 
case is made to support the gate more effectively 
by carrying it up to a point some distance short 
of the front post and adding a vertienl bar, so that 
all the rails are supported at this point, and the 
overhang beyond is a trifle. In 340 two braces 
are employed in each direction. The two 
main ones slope as in the previous examples. 
The first goes from the foot of the hinge post to 


the middle of the top rail, and the second from 
the middle of the bottom rail to the top of tlu‘ 
front post. These braces might Ix^ still furthei* 
increased in numlxw wuth beneficial results, except 
that the gate, being made heavier, would strain 
tlie hinges more. Oft(*n the top hinge is made 
longer than the bottom one, because the sti‘ain 
on the top connection is tensile, while at the 
bottom it is compressive. 

Fences. Examples of these are shown in 
341 to 343. In all cases posts havi‘ to bt' inserted 
in the ground to support the rails. The posts 
are generally about (i ft. apart, and tlie rails in 
12 ft. lengths, so that the stability of the fence is 
increased by alternating the joints. Rails may 
be nailed to the sides of the posts, as in 341, or 
mortised in with scarfed ends, as in 342. In 
the latter the ends are supposed to be mortised 
into thick posts and nailed to the intermediate 
post, which is of smaller dimensions. Fig. 343 
show^s how^ pales may be attached to the rails. 
When strained wire is used instead of wood 
rails, the end posts have to l>e substantially 
strutted to resist the strain. Where durability 
is important, creosoted or kyanised w'ood should 
be used for gates and fences. 
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IRREGULAR VERBS 
Second Conjugation 

Verbs in. ere (short) 

Of the following, verbs, only the irregnl.ar 
forms will be given. 

Conoacere* to know (1 know somebody) 
Past Dcf, — Con/)hht\ rovottherth 

Past Part. — Conosvhito. 

(’onjugate like amd.'^cerr : rivonoscere^ to 
aeknowledge, to recognise : (tisrnvdsrfre, to 
deny 

Crescere, to gro\> 
l^ast I>ef. — Crehbi, crehhe^ crebhera. 

Past Pa rt. — Preset uto. 

CvOnjugate like crescere : arrrtseere, to increase : 
/terresrere^ to decrease ; rincresrere^ to be sorry. 

Assistere, to assist ; consisterc, to consist ; de- 
sistere^ to desist ; esh<iteri\ to exist ; insistere, to 
insist ; persutere, to persist : resist ere, to resist : 
sms)steret to subsist, are all irregular only in the 
))ast participle, which, instead of ending in 
-uto, ends in 4to : assistito, consistito, esisfito, ete. 

Eslgerc, to exact ; reft] gere, to redact . Thi'sc 
two verbs are regular, except in the past 
parti(*iples : esatta and ledaito. 

N^acere, to be born 
Past Def. — Narqin\ vneqae, vaequenf. 

Past Part. — Nalo. 

(Conjugate like nasrerc : ririd'^ren , to be liorn 
again. 

Nubcere* to hurt 

Itid. Pres. — Noecio, nitnci, niiore. noeiannt, 
TKKete, ndcciono. 

Past Def.—Noequi, nucque, lukqnerft. 

Subj. Pres. — Noceia, nor cut, ete. 

Past Pali. — Nodato. 

Bere (hevere), to drink 
Ind. Pres. — Bevo, hevi, beve, bidamo, ete 
Imperf. — Bevevo, bevevi, etc. 

Past Def. — Bevd and bevetti, bevesti, bevve, ajid 
heveite, bevemmi, hevestc, beveUero and hevrem. 
Future. — Beverd and berrd, ete. 

Subj. Pres. — Bern, hem, ete. 

Gerund. — Bevendn. 

Past Part. — Bend ft. 

Pibvere, to rain 
Past Def. — Pioiwe. 

Rbmpere, to break 
Past Def. — Ruppi, ruppe, r upper/ > 

Past Part.-^^Mo. 

Conjugate like rdmpere : irUerr ampere, to 
interrupt ; irrompere, to rush in ; pror draper e, 
to burst out. 

Eaaere, to be 

fJ^ee pages 2194 and 24R4-.') 1 


Note. Wlion the past definite is irregular, 
only the first and third person singular and the 
third person plural are irregular. Thus : 

Condscere — Past Def. : conobbi, conoscesfi, 
ronnlfbe, conoacemmo, conosceste, rondbbero. 

Piacere — Past Def.: piacqui, piacesti, piacqiu, 
piacemmo, piaceste, pidf’quero. 

When the future is irregular, the conditional i^ 
also irregular. .Thus: Bere — Future: berrd,ber- 
rai, etc. ; Condit. : berrei, berresti, ete. Veddre — 
Future: vedrd, redrai, ete; Ctmdit. : vedrei, 
vedresti, etc. 

Exercise XL. 

1. Dove hai eonoseiuto quel signore ? 2. Lo 
eonobbi a Nizza I’anno passato. 3. Rieonosco il 
mio torto e le doniando scusa. 4. La mia stima 
per il giovine marinkio erebbe di molto, quando 
lo sentii lodare in ial modo dal suo eapitano. 
5. 8i sa dove si 6 nati, ma non hi sa clove si 
muore. fi. Eglinacquo di genitori poverissimi. 
ma eon Tassiduo lavoro e riuseito a mettere in* 
siemc una disereta fortiina. 7. Essi hanno 
insistito tanto ehe ho finilo pi'r eedere. 8. Alla 
tine del pranzo tutti bevvoro alia salute dogli 
sposi. 0. I ladri ruppe^’o i vetri di una finest ra 
a pian terreno, e penetrA,rono nella easa. 10. 
Oggi ho assistito a una seenn, terribile ; im 
povero muratore e eaduto e si e rotta una 
gamba. 

RELATIVE PRONOUNS 

The relative pronouns are : 
rhi (kee), he who, she who 
ehe (keh), who, whom, that, which 
il quale, la quale, who, whom (sing.) 
i qnali, le quali, who, whom (plur.) 
eui (kod-ee), whom (eomj>l.) 
quanto, all that which 
quello ehe, dd ehe, wlial 
chiunqne, every one wlio 

1. (a). Chi never refers to a preceding \vor(l. 
It means colui eke, colei ehe, and also qualcuno che 
(someone who). Examples : ( %i hen rrmlnda d alia 
meUi delVopera, Well begun is half done (liter- 
ally : He who begins well is half way through his 
w’ork). Trovererno chi d rnoslrerd lu via. We 
shall find someone* who will show us the way. 

(b). Chi . . . chi has a partitive mean- 

ing. Example; Chi dice una cosa e chi un' ultra. 
Some say one thing and some another. 

(r). In exelamativc, intc*rrogative, and dubita- 
tive propositions chi means qual persona. Ex- 
ample: Non so a chi rivolgermi, 1 don’t know to 
whom to apply. 

{d). Chi in a conditional construction may 
be used absolutely with the moaning of se uru) 
(if one), per chi (for him who). Example: Questo, 
chi lo mol saperc (= se uno lo mol sapere ; per 

4047 




LANQUAdlS-ITALIAN 


chi lo vml sapere), apparfiene a me. This (if 
anyone wishes to know; for him who wishes 
to know) belongs to me. 

2. Che is used both as subject and object, 
and refers to any preceding word, masculine 
or feminine, singular or plural. Examples : Lo 
scalar o che stadia^ The pupil who studies ; 
I lihri che avHe cx)mpraii. The books that you 
have bought . It maj' refer to a whole propo- 
sition, and then it is generally preceded 
by the e/ticle. Example: Oli era saUala la 
fantmia di far si frale^ (il) che a quei tetnpi 
cut il ripiego pin camune per nscir dHmpicci, 
The fancy had come into his head to turn 
friar, which in those times was the commonest 
device for getting out of difficulties. (*hc 
may also be used instead of in cui, per mi, 
da che. Examples: Il giorno che {in cui) ti vidi. 
The day when (in which) I saw thee. Ecca) la 
ragione che {per cui) non son venuto. That is the 
r(‘ason why (for which) 1 did not come. Sono 
due anni che {da che) e ]>artito. It is two years 
since he went away. 

3. Il quale t la quale, i quail, le quali are iised 
like che, but are not referred to pronouns ex- 
pressing things : fate quello che vi dicn (and not 
quello il quale vi dicn), Do as (what) 1 tell you. 

1 1 quale, la quale, etc., must be used before 
nouns (for example, le quali case, and not che case), 
after a pre| )Kition {la scdlola nella quale, and not 
in che), and where che might be ambiguous (/ 
figli della signora, i quail ho incontrati, and not 
che ho im'ontrato, because che might be referred 
to signora). 

4. Cui is generally used instead of il quale, 
etc., after a preposition foi* both genders, 
and in the singular as well as in the plural. 
Examples: Il motivo jier cui io venni. The reason 
why 1 came ; La persona di cui le parlai, The 
person of whom T spoke to you ; X’ amico da cui mi 
aspettavo un favore, The friend from whom I was 
(‘xpecting a favour. Placed between the article 
and the noun cui means ‘’whose.” Example: 
E un giovane i cui costumi {i di cui cost unit 
would be incorrect) sono degni di lode. He is a 
youth whose manners are deserving of praise. 

5. Chiunque means “ any person who,” and is 
used like chi. Example: Ammettete chiunqui 
venga, Admit whosoever comes. It may be used 
also as an indefinite pronoun. Example : 
Questo lo sa fare chiunque. Anyone can do this. 

Exebci&e XLI. 

1. 1^1 casa della quale le ho parlato si trova 
in via Roma. 2. Chi non sa ubbidire non sa 
nemmeno comandare. 3. Fate cio che vi ho 
detto, e vi trovorete bene. 4. Dobbiamo 
am are chi ci ama, ma non dobbiamo odiare chi 
ei odia. 5. La ringrazio delle tante prove di 
amicizia che mi ha sempre mostrate. 0. 
Fatemi ved6re che cosa avete in tasca. 7. 
Cli ho restituito il danaro che mi presto. 8. La 
signora che avete veduta e la moglie del nostro 
padrone di casa. 9. L’ordine che mi avete dato 
stato puntualmente eseguito. 10. Ecco 
quanto so, non posso dirle di piili. II. 11 vec- 
chio agricoltore pone il seme deiralbero, i cui 
fnitti vodramio i figliuoli e nipoti. 
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Conversazione 

Dove volete andare ? Non vedete che piove. 

Se aspettiamo che finisca di piovere, ho paura 
ehe resteremo qui tutta la notte. 

Bisogna aver pazienza ; chi sa che non capiti 
una vettura vuota. 

Sarebbe una vera fortuna ; ma chi volete 
che venga fin quassu con que.sto tempaccio ? 

Intanto si gela. Sc si potesse fare un bcl 
fuoco ! 

Lasciate fare a me chc son nato e cresciuto 
nelle montagne. 

Senti come tuona ! Meno male che abbiamo 
portato abbastanza viveri. 

Beva un po' di questo vino, vedra che non 
sentira piu il freddo. 

(”e da fumare ? 

( V* n’e per una settimana. 

E quello che ci vuole : fra una sigaretta e 
raltra il tempo passera presto. 

INTERROGATIVE PRONOUNS 

The interrogative pi'onouns an' : chi ? who ? 
di chi ^ w'hose V che ? che cosa what ? quanto- 1 - 
tt-e ? how' much ? how^ many ? quale-i ? which ? 
what ? 

1. i'hi ^ means “ which person (sing.) but 
when used with the verb essere it is also plural. 
Examples: Chi vi rruinda 1 Who sends you? 
( hi sono quelle signore ? Who arc those ladies ? 

2. (he ^ means “which thing?” Example; 
( he fate ( What are you doing ? As an adjectivf* 
it is masculine and feminine, singular and plural. 
Exam])les: (he lihro vuole '/ Which book do you 
want ? (he lihri leggete ? Which books are you 
reading ? 

3. In familiar language cosa ? is used as an 
interrogative pionoun instead of che cosa ^ 
Examples: (\tsa dite ( What do you say? 
Non so cosa roglia dire, 1 do not know what he 
means. The past participle referring to cosa 
is always in the masculine: Cos' e accaduto.^ 
What has h appened ? (hsa ha fatto / What 
have you done ? 

4. Quanto ( expresses the English “ how' 
long?” Example: (^uanlo dobbiamo aspetiate/ 
How long must we wait ? 

The interrogative pronouns arc often strength- 
(‘ned by mai, e. Examples: Che did max? What 
are you saying ? E cosa importa '? And what dues 
it matter ? Questions are answered in Italian by 
si, gid, certo, etc., in the affirmative, and by no, 
mache, etc., in the negative. 

The English : Are you ? Are you not ? Do you ? 
Do you not ? Did you ? etc., which accomp.any a 
question, are rendered in Italian by non e veto ? (is 
it not true ?). Example : Lei viene con noi, non 
e veto ? You are coming with us, are you not ? 

Exekcisk XLII. 

1. Quanto ha pagato questo eappello ? 2. 
Di chi h questo portafogli ? 3. Chi ha portato 
questo bagaglio ? 4. Quel signore e un inglese, 
non h veto ? Qual’ e il treno per Roma ? 6. 
CoJla hanno comandato per il Natale ? 7. Cosa 
hanno quest! ragazzi ? 8. Chi 6 costui ? 9. 

A quale stazione ci fermeremo ? 10. A chi 

avete dato il bighetto ? 11. Che cosa ha detto 

suo padre ? 12. Di quale signora parlate ? 



13. In che anno siete nato ? 14. A che pensa 

ftua cugina ? 15. Chi ha domandato di essere 

ammesso ? 

Key to Exercise XXXV. 

1. When I entered they had aheady gone. 
‘2. I am pleased that you have succeeded in 
this affair. 3. The performance has lasted 
more than two hours. 4. I have fallen, and have 
hurt myself. 5. T am not sleepy ; 1 have slept 
all day. G. I am waiting for my brother ; he 
was to have come by the seven o’clock train, 
and I wonder that he lias not yet arrived. 7. 
If you had come ten minutes earlier, you would 
have met Mr. N. 8. A man-of-war has Mink in 
the Baltic. 0. A Japanese torpedo-boat has 
sunk two Russian ships. 10. I have wandered 
about all day without settling anything. 

Key to Exercise XXXVI. 

1. Put them aside ; we shall make use of them 
v'hen w(* Jiave need of them. 2. That is not 
correct. 3. This man is so full of himself 
that it seems that all the vorld belongs to him 
4. I’his is an author of great merit ; that is a 
most genial poet. 5. I dare not spejik ojienly, 
because 1 fear to be misundeistood by these, 
and combated by those. G. You do not know 
what >ou are talking about. 7. 1 don’t know 
liow things will end ; for my part, 1 do not see 
clearly in this business. 8. Here are two bottles 
large enough ; in tJiis one we will put the wine, 
and in that one the uater. 9. T)o not speak 
to me of those people ; they do not deserve to lx* 
helped any longer. 10. Lewis aimed rather at 
avoiding the blows of his enemy, and at disarm- 
ing him, than at killing him ; but tlie latt<*r 
dcsirtxl his death at any price. 11. That women 
speaks only out of envy; it is better not to 
listen to her. 12. Those who make most noise 
{literally, sJiout more) are always right in this 
world. 13. The jwize will be given to him who 
has deserved it. 

Key to Exercise XXXVII. 

1. 1 am glad to see that you are well. 2 I 
do not remember you, but it seems to me 
that I have seen you somewhere. 3 1 jiad 
the pleasure of knowing you in Rome two years 
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IKKEGULAR VERBS 
Second Conjugation 

1. Acquerir, to acquire, anjnhant, anjuis, 

Ind, Pres. — facquiers, (u ac//u^ers, il anfuintj 
iioiHi acquhons, vtms acquh'ez^ Us arquierent. 

Imperf. — faerjuerais. 

Past Definite — f acquit. 

Future. — facqmrrai. 

Cond, Pres. — fcuqv ei ra is. 

Suhj. Pres. — qm facqiiihe, qne tii acquieres., 
qu it acquiere, que nous acquhions, que vous 
arquerieZt quails acquierent. 

Imperf. — que farquisse. 

Conquh’ir., to conquer, reronquei to recon- 
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ago. 4. When in the country we are uped to 
taking a long walk before breakfast. 5. Fear 
nothing ; I will think of your future. G, I am 
sorry to be obliged to speak to you in this wa^ . 
7. My head aches ; it wdll be better for me to 
remain in the house. 8. It had seemed to me 
that they had rung the bell. 9 Till now we 
have always done as you liked ; now, it seems 
to me that you should do as we like. 

Key to Exercise XXXVTII. 

1. That poor man must have put together 
a fv«.ir sum, because everyone has given him 
something. 2. I am speaking generally, and 
I should not like anyone to consider my words 
as referring to him. 3. Iniquity is often based 
upon the credulity and goodness of others. 
4. Always act rightly, and do not care what 
other people may think of you. 5. Knock 
again ; someone must be in, because there is 
a light in the rooms upstairs. G. It seems that 
some people rejoice at other people’s mis- 
fortunes. 7. If you do not tell me every tiling 
(‘xactly, we shall do nothing. 8. Ahvays t(*ll 
the truth if you wish others to esteem you. 
t). Those who possess nothing are always the 
most generous. 10. Nothing is uselesh ; every- 
thing has its reason for existing. 

Key to Exercise XXXIX. 

1 In that country it snow's very seldom, but 
it alwTiys rains. 2. It rains liard ; we must 
take a carriage. 3. It will be necessary to leave 
early if we wish to arrive in time. 4. It hai 
hailed and rained all night. 5. 
thunder any more, but it lightens still. G. it 
is better not to go out to-day; it is vTuy foggy. 
7. Let us go ; it is not worth wliile to stay lu‘r(} to 
speak of useless things. 8. Your friend si'ems 
very Inpjiy ; he must have done good business 
on the exchange. 9. It seems Unit he is “ 
but really it is not so. 10. Russia has imported 
n great quantity of corn this year. 11. It is of 
consequence to decide at onc(\ because there is 
no time to lose. 12. You have already sjioken 
enough ; it is my turn now. 13. One is sorry 
to see young people so idle. 14. ()n<‘ must 
enjoy oneself a little in this life ; ()n(‘ liv(‘s 
only onc<‘. 


By Louis A. Barbe, B.A. 

(juer, s'erujuerir de, to inquire about, and 
)equerir, to request, to call upon, are eonjugatc'd 
in the same way. 

in the Future and the Conditional, (*ach “r” 
must be pronounced separately, though the’ 
break in the trill must be very slight. This 
])ronunciation is necessary to distinguish these 
tenses from the Present and Imperfect In- 
dicative. 

2. Courir, to run, courant, couru. 

Ind. Pres. — je roars, tu conrs, il coutf, 
rourons, vous rouiez. Us courent. 

Imperf. — je cmirais. 

Past iJef. — je couru s. 

Future. — je conrrai. 
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Oonrf. Pr66. — jt courrais. 

Svbj. Pres. — qv^ jc conrty que in courcA, quit 
courCf qut none courions, qve vo^is cmtnez, qv'ilH 
cmrenU 

Inpperf. — qut je courusse. 

The other verbs conjugated like thin are : 
dccourivt to rush up, hasten ; concm/irii\ to concur, 
to compete ; discmirir, to discourse' ; encemrh , 
to incur ; parcmirir, to run through ; reamrir, to 
have recourse ; and secmirir, to succour. Tn 
all these verbs also, the two “r’s” of the Future 
and of the Conditional are to be pronounced 
separately. 

3. Cueillir, to gather, to pluck, cueUlaut, 
ciieilli. 

Ind. Pres, — je cueille, tii rueilleA, if eupifte, 
mtvA cmilhm^ v<ms cneilfez, iU eveillent. 

Im perf. — r u cillni h. 

Pad Def, — je nieilliA. 

Future, — j( cveillerai. 

Cowl, Pns. — je cueille)ui'<. 

Suhj, Preft, — qua je cneille, que in euei/l(<<, 
quUl cneiUe^ que nn\i8 eueiUnuA^ que mu<t cueilh\, 
qu'iU eueillent. 

Imperf. — que je cueiIJisAe. 

Aeeueillir, to rcccivt*, to welcome ; and 
recucilUr, to collect, are conjugated in tlu* same 
way. 

4. Mourir, to die, mourard^ mart. 

Ind. Pres. — je meurs, tu meurs^ if meurf. 
mourons^ vous rumrez^ ils tneureut. 

Imperf. — je rwmrais. 

Past ])ef. — je mourus. 

Fut u re, — je mourrai. 

Cond, Pres. — je mourrais, 

Suhj, Pres. — (fue je meure^ que tu meutes, qu'if 
mevre, que nous 7w>urions^ que vous 7W>uriez, qu^il.s 
meurent. 

Imperf. — que je ^nourusse. 

This verb has a reflexive form, se mourir, to be 
dying. Mourir is conjugated with Hre in it*^ 
compound tenses. Both “r's” of the Future and 
of the Conditional are to be pronounced dis- 
tinctly. 

5. Tenir, to hold, tenant, ttnu 

Ind. Pres. — je tiens, tu tiens, if tunf, nou.s 
tenons, mus tenez, ils tiennent 
Imperf, — je tenais. 

Past Def. — je tins, tu tins, if tint, nous tiuuos, 
10 US tintes, ils finrent. 

Future. — je tiendrai. 

Cond. Pres. — je tiewlrais. 

Suhj. Pres. — que jc tienne, que tu tiennes, qu'if 
tienne, que nous tenions, que ions teniez, quifs 
tiennent. 

Imperf. — que je tinsse. 

Idiomatic Uses of Tenir. (a). Tenii de 
followed by a personal noun means “ to take 
after,” “ to resemble.” 

Cet enfant tient de sa mire. That child takes 
after his mother. 

(^>). Tenir d followed by a noun or preceded 
by “y” means ‘‘to value,"’ “to set store by.” 

Ne perdez pas ce litre, j\q tiens. Do not lose tliat 
book, I value it. 

When followed by an infinitive, it means, “ to 
be anxious to.” 
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Je tiens d lui dire ce que j'en pense, I am 
anxious to tell him what I think about it. 

Tenir d ce que followed by a personal tense has 
the same meaning. It is followed by the Sub- 
junctive : 

Je tiens d ce qu^il nous disc ce qu'il en pense, 
I am anxious he sliould tell us what he thinks 
about it. 

Tenir d used impersonally means, “ to depend 
on” : II ne tient qu'd vous de reussir. It only de- 
pends on you to succeed — i.e.. It will be your 
fault if you do not succeed. 

The derivatives of tenir are : s'ahstenir, to 
abstain; appartenir, to belong; contenir, -isi 
contain ; detenir, to detain ; entretenir, to keej) 
up ; maintenir, to maintain ; obtenir, to obtain ; 
* retenir to • annia/nii' i-it 

sustain ; se tenir, to stand, to hold oneself. 

0. Venir, to come, venant, venu. 
hid. Pres. — je viens, tn mens, il vient, nou^ 
vf mms^ mus venez, ils viennent. 
hufierf. — je renais. 

Past Def. — je vins, tu vin't, il vint, nous 
it nuns, tvus rintes, ils vinrent. 

Future. — je viendrai. 

Cond, Pies. — je viendrai^. 

Suhj. Pres. — que je vienne, que tu vienni^, 
i/u'il vienne, que nous venions, que vous veniez, 
quits tiennent. 

Imperf. — qm je tinsse. 

Venit is conjugated with <Hre in its compound 
tenses. 

Idiomatic Uses of Veair. (a). Venir de 
follou ed by an infinitive means, “ to have just 
Je liens de le loir, 1 have just seen him ; Il 
vena it de sortir. He liad just gone out. 

(h). Venir d followed by an infinitive means 
“to chance to,” “to happen to”: Pendant que 
le marquis de Carabas se haignoit, le roi vint d 
fiossei. Whilst the Marquess of Carabas was 
i)atJuiig, the King happened to pass. 

(r). 1’here is also a reflexive form, s'en venir, 
“tu come along, to come away 
Nous nouy en tinmes ensemble. We came away 
togtdher. 

Tlie dcrivati\(*s conjugated like venir arc: 
(itconvenii , to circum- provenit, to proceed 

v’ent redevemr, to become 

rontrevenir, to infringe again 

eonvenir, to agree, to ievenir, to come back 

suit f<ubvenlr, to provide 

devenir, to become survenir, to come by 

disc/mvenir, t(> disagree chanc(' 

intervenir, to intervene se souvenir de, to rc- 
fiarvenir, to reach, to member 

succeed se ressoavenir de, to 

prirenir, to uarn recollect again 

Exurcise XXXIII. 

1. Little Red Riding Hood (Le Petit Chaperon 
Rouge) set out to go to her grandmother’s, who 
lived in another village. 

2. The wolf that she met asked h(‘r where 
she v\as going. 

3. The little girl said to him : ” I am going 
to see ray grandmother and to take (porter) 
her a cake (nne galette) with a little pot (le pot) of 
butter (beurre) which my mother is sending her.” 



4. The wolf began to run with (de) all his 
might (la force) by the road which was the 
shortest, and the little girl went off by the 
longest road, loitering (s'amuser) to gather nuts 
(la noisette) and to run after butterflies (le 
papillon). 

5. Puss in Boots (le Chat Botte) said to the 
Ogre (Ogre): “I have been assured that you 
had the power (le pouwir) to change (change/) 
yourself into (en) a rat, and a mouse (la sovris) ; 
1 confess (avover) to you that I consider (hold) 
that quite impossible.” — “ Impossible,’' replied 
(reprendre) the Ogre, “ you are going to see.” 

(). ‘‘ It will depend only on you. Marquess ’* 
(Momienr le marquis), said the King “to be 
(that you be, subj. pres preceded by nc) my son- 
in-law” (gendre). 

7. The Oat became (a) great lord, and no 
longer ran after mice, except (que) to amuse 
himselt (se diverfir). 

8. The fairy (la /cc) said to Cinderella (('en- 
drillon): “ Oo (thou) into the garden; you vill 
find there six lizards (le lezard) behind (derrihe) 
the watering-(‘an (airosoir, in ) ; bring them 
to me.” 

9. “I recommend you (recommandet) above 
all (sartout) not to pass midnight ; if you 
remain (demeuret) at the ball a moment longer 
(more) your coach (le carrosse) will become (a) 
pumpkin (fa citunnlle) again, your horses mice, 
your footmen (laquois) lizards, and your old 
clothes (/cs hahit% m.) will resume (reprendfe) 
their first form” (la forme). 

10. The old fairy said that the princess would 
])it‘rce (se percet) her hand wdlh (de) a spindle 
(le fuseau) and that slu* would die of it. 

11. The princess will pierce her hand, but 
she will not die of it ; instead of dying of il, 
she will fall into a deep sleep which will last a 
hundred years, at the end (le hout) of which tlu* 
son of a king will come and (to) aw'aken (rereflle) ) 
h(T. 

12. Little Hop o' my Thumb (le Petit Poncet) 
went to bed again (se recoucher) and did not 
sleep for the (du) rest of the night ; he got uj) 
early (de hon matin) and went to the bank 
(le bord) of a stream (le )uisseau), where he 
filled (emplit) his pockets (la ]H)che) with (dt) 
little wiiite pebbles, and then (en^uiti) came 
back to th? house. 

Key to Exercise XX XII. 

1. Quand les anciens assiegeaient une ville, 
ils battaient les murs k coups de belier, 

2. On n’est jamais battu sans etre frappe; 
mais on pent etre frappe sans etre battu. 

3. Le muletier qui nous servait de guide, 
battait ses mules d'une fa 9 on epouvantable. 

4. Nous n’avons rien condu, mais ee n'est 
pas ma faute. 

5. C’est un auteur dont les ouvrages ont 
ete traduits dans toutes les langues. 

6. Selon un ecrivain distingue, si vous tra- 
duisez toujours, on ne a ous traduira jamais ; 
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et cependant, un autre ecrivain tout aussi 
distingue a dit que si vous voulez qu’on vous 
traduise un jour, vous devez commencer par 
traduirc vous-meme. 

7. Je ne I’ai vu qu'unc fois, mais je le con- 
naitraia entre raille. 

8. Cette jeune tille coud, chante, lit ; c’est 
tout ce qu’il lui faut pour etre heureuse. 

9. Qui est-ce qui disait quo, partout oh la 
peau du lion ne suffisait pas, il fallait y coudre 
la peau du renard, e'est a dire joindre la ruse a 
la force ? 

10. Il y a clcs gens qui ne comptent le resto 
des homines pour rien, et ne croient etre nes 
que pour eux-memes. 

11. Un honnete homme qui dit oui et non 
merite d’etre cru ; son caractere jure pour lui. 

12. Tout auteur qu’on est oblige de lire deux 
fois pour I’entendre ecrit mal. 

13. Ce qui est eerit est 6crit veut dire qu'on 
ne pent rien changer a ce qui est ^crit. 

14. Le bon pastcur a dit: “ Je connais mes 
brebis et mes brebis me connaissent.” 

15. 11 <st admis par tons les peuples civilises 
que la personne d’un ambassadeur est inviola- 
ble et sacrec. 

It). Vous nous peignez si bien les charmc's 
de la vie champetre que vous nous donnez 
r(*nvie d’aller habiter au village. 

17. Les Gavh)ib se transmettaient les nouvellos 
en allumant des feux sur les hauteurs. 

1 8 Les jours croissent du vingt et un deVembre 
au vingt et un juin ; ils decroissent du vingt ot un 
juin au vingt et un d(!‘cembre. 

19. Les homines sont cornmc les flours qni 
paraissont et disparaisseni /iveo un(‘ incroyablt* 
1 apidite. 

20. Le onze novembre mil cinq cent soix- 
ante-douze, une etoile noiivello apparut tout 
a coup dans le ciel, ou olio brilla du plus vif eclat ; 
ellf‘ disparut au mois de mai mil cinq cent 
soixante-cpiatorze apres avoir dur6 scuze mois. 

21. On lit dans la Oenese que les anciens 
})atriarches vivaient fort longtemps, et qu’ 
Abraham v6cut cent soixante-quinze ans. 

22. Nous ecrivons de gauche h droite ; les 
Juifs ^crivent de droite a gauche ; les Arab(‘s 
ecrivent egalement de droite a gauclie. 

23. L(*s Franyais vainquirent les Autrichiens 
a Jemmajies et a Marengo ; ils furent vaincus 
par les Anglais h Waterloo. 

24. Les anciens rnoulaicmt le ble avec de 
petiies meules mues a bras d’hommes.. 

25. Les actions injustes nuisent toujours a 
leurs auteurs. 

26. Cleopatre prit urn* grosse perle, qu’elle 
jeta dans une tasso, et, quand die I’eut vue 
dissoute, die I’avala. 

27. Vous riez, et av(*c raison, des sottises des 
hommes, dont je ferais bicn dc rire aussi, et 
dont je rirais comme vous, si je digerais et si jo 
dormais mieux. 

28. Quelle passion cpie I’envie ! Elio suit 
rhomme de merite jusqu’au bord dc sa tom be. 


Continued 
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SPANISH By Amalia de Alberti & H. S. Duncan 


UNCLASSIFIABLE IRREGULAR 
VERBS — continued 

There are etill a few irregular verbs which 
cannot be classified ; these are given in the 
order of their conjugation : 

Fir»t Conjugation 

Andar, to walk, to go alK>ut. 

This verb is perfectly regular except in the 
following tenses ; 

Past Def. — andvvf^ anduviste, andmx). andv- 
vimos, andvvisteiSf andvvieron. 

Subj. Imperf. — aindnviera, anduviercLB^ mida- 
vieramoSt andnvierais^ andimeran, or andvriese, 
etc. 

Snhj. Fut, — anduvierc^ aiuhivieres, andnvier(\ 
itndmneremofi, andimereis^ anduvieren. 

Dar, to give ; dando, giving ; dadoy given. 

Ind, Pres. — doy^ das., dd^ damos^ dtiis, dan. 

Imperf. — daba., da}>ns^ daha, ddhamns, ddlxih'., 
dahan. 

Past Def. — dl, diste, did^ dimos, di.<=tteis, dun^n. 

Trnperat. — da, de, demm, dad, den. 

Sub}. Pre8.~-dc, des, de, demos., deis, den. 

Suhj. Imperf .—diera, dieras, dicra, dieramo^^ 
dieraie, dieran or diese, dieses, etc, 

Suhj. Fui.---diere, dicre.% diere, dtCKmos. 
diereis, din \ 

The future and ccmditional of tlie in(licnti\<' 
arc regular. 

Second Conjugation 

Caber, to be contained in, to hold, to fit 
into. 

Ind, Prc'<. — fjnejM). cahes, robe, rnbemos. raheis. 
rahen. 

Imperf. — cohia. cahias. cahia. cahiamos, cahiais. 
enhian. 

Past Def. — cupe, cu piste, rupo. rupimm. 
rnpisteis, rupieron. 

Fut. — cahre, cobras, cnord, rabremx)s, rabrei.\. 
rahrdn. 

Condit. — cabiia, rabn'as. cabn'a, rabriamos. 
cabriais, cahrUin. 

Imperat. — cabe, guepa, quejHtrnos. robed, quepan. 

Suhj. Pre'i, — qvepa. gnepos, qaepa. qitepnmos. 
qvepais, qve))an. 

Subj. Imperf. — enpiera. riipieras. cupiera. 
rupieramos. rupierais. rupieron. or rnjnese. 
etc. 

The verb Caber is also used imjx'rsonally. 
Examples : No cabe en lo posible. It is im- 
possible ; Si cabe. If possible ; No cabe dudo. 
'I’hore is no room for doubt. 

Caer, to fall. 

Ind. Pres. — raigo, cars. cae. caemos. caeis. 
caen. 

Subj Pres.. — r-aiga. raigas, rniga, raigamos, 
caigais, caigan. 

Impeirat. — cmc, caiga, caigamos, caed, caigan. 

All the other tenses of this verb are regular, 
but subject to the usual change of i to y when 
the diphthongs ie and to of the verbal termina- 
tion meet the radical vowel. 

PaM Def. — coi. cni^te, cayo, raimos. caisfeis. 
cayeron. 
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Hacer, to do ; hacienda, doing ; hecho, done. 

Ind. Pres. — hago, hares, hare, harenws, Imceis, 
Jmeen. 

Past Def. — hire. hiri.str. hno. hirimf>s. hiristeis. 
hicieron. 

Fat. — hnrio. hards, hard, haremos, hareis. 
hardn. 

Cond. — hnri, harms, harin, hariamos. hariais, 
harinn. 

Imperat. — haz, haga, haejamos, hared, Juigan. 

Subj. Pres. — haga. hagas, haga, hagamos. 
hagais, hagan. 

Stibj. Imperf. — hiciera. hirln'as, hiriera, htciern- 
mos, hicterais, hicieran. or hiciese. etc. 

Sidij. Fut. — hicirre. hirieres, hirierr, hirihemtts, 
hiriereis, hirieren. 

The imperfect of th(‘ indicative is rcgulai. 

Poder, to be able ; pndiendo. being able ; 
f)odido, been able. 

Ind. Pres. — pufdo. pordes, pord^. pslemos. 
jKtdeis. pneden. 

Past Def. — pude. piidiste. pmlo, pudinias. 
pudisteis, jmdiettm. 

Subj. Pres. — pneda. puedas. pneda. )siddm<ts. 
jiodais, paedan. 

Snhj. Imperf. — pmJiira. pndkras, p}idi()o. 
pudierfnm>6, pudicrois. pndieran. or pudiese, etc. 

Suhj. Fut. — pudiere. pudihes. pudiere, pudi- 
iremos, pudiereis. pvdihen. 

Tliere is no im|)erative ; the imiicrfcet of tlu* 
indicative is regular, also the future and con- 
ditional, excepting for the elision of the e in 
the termination : Fnt., podrC etc. Condit.. 
f)odria, etc. The English equivalent of pndrr 
is can— I can, thou canst, etc. 

Poner, to put, pmiendo, pnrsto. 

Ind. Pres, — prmgo. pmes. pmc, pmemas. 
poneis. ponen. 

Post Def. — pus(. pnsi'^tf. pUMO. pusima-s. 

pusisteis, pvsi hon . 

Imperat. — pm, pmga. pmgdmo^. pmod. 
j)ongan. 

Subj. Pies. — paugo. ptugas, pmga. }xingdmo>. 
'jxmqdis. pnigon. 

''riie imperfect of the indicative is regular, 
also the future and conditional, save for thi‘ 
elision of e as in poder. The remaining tenses 
of the subjunctive have pits for stem throughout 
with regular terminations : pusiha. etc. : pusiest , 
etc. ; pusiere, (*t( . 

Querer, to uill, to wisli ; queriendo. 
qnerido. 

Ind. Pres. — quitro, quihes. qutere. qveremos. 
quereis. quieren. 

Past Def. — guise, quisistr, quiso, quisimos. 
quisisfeis. qu i si eron . 

Imp*>rat. — quiere. quiera. querdmos, quered, 
quihan. 

Subj, Pres. — quitra. quieras. quiera, querdmos. 
qverais, qniiran. 

The imperfect of the indicative is regular ; 
the future and conditional have the regular 
terminations with the stem 'qverr, guerri, etc. 
Tlie remaining tenses of the subjunctive have 
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r(‘gular ic*rminations .with tlie stem </«/.•?{, 
(jtdfiieraiSj etc. 

Querer also signifies to love, to like. 

Saber, to know ; mibiendo, sahido, 

Ind. Pres, — sabe-'*, etc. (regular). 

Pa<it Def. — sefui, sepas, sepn^ se^)(nno,% sephs^ 
srjmi. 

Jmperol, — sabe, sepn, sei/tmos, snhed^ sf}>an, 

Suhj. Pres. — sppa^ sepas^ sepa, sepihnos^ 
sc}mn. 

'I'he imi>erfeet of the indicative is regular ; 
the future and conditional are regular, save for 
elision of e, sabre ^ etc. 

The subjunctive, imperfect and future have 
tlu' regular terminations with the stem sa/), 
siipiera^ etc., sspiese^ etc., svpihe. 

Traer, to bring ; trapendo^ traido. 

Jtid. Pres. — traigo, traes, trae, traemos^ fraeis, 
tratn. 

Past Def, — traje, frajiste, fra jo, traj'mos^ 

(rnfisteis, trajeron. 

I m peraf .—trae, traiga, fraigamos, traed, traigan. 

Snhj. Pres. — traiga, traigas, traiga, fraigamo^^, 
fra ignis, traigan. 

The imp(‘rfect and future of the indicative 
and the conditional are regular. 

Jn the subjunctive, imperfect and future, the 
^tein is traj, and the i of the verbal termination 
is dropped: trajera, etc.; trajese, etc.; trajere, etc. 

Valer, to be worth ; valiendo, valido. 

Ind. Pres. — val^o, rates, vale, iHilemos, vateis, 
ralen. 

Imperat.—rale, vatga, valgdmos, rated, ralgan. 

Suhj. Pres. — mtgn, vdlgas, ralga, valydwos, 
ratgais, vatgan. 

The rest of this verb is regular save for the 
(‘lision of e in the future of the indicative and 
in the I'onditional : vat dr e, etc. ; vatdria, etc. 

Ver, to see ; viendo, visto. 

Ind. Pres. — reo, ves, re, vem)8, reis, ren. 

hnperat . — re, vea, veamos, ved, vean. 

Suhj. Pres. — rea, reas, vea, rearms, reals, 
VI an. 

All the other tenses of this vorl) are regular. 


Voc»bulary< 

TJie table La mesa 

'riip facade La fachada 

( tstertation Fachenda ( t. ) 
'riie fic’tory, La labrica 
titu manu- 
factory 

The sash La faja 

'the defect La I'alta 

'I'he fatigue La fatiga 

'Phe favourite El favorite 
'Phe freemaftoiiElfrancmafton 

V reward Un galardon, 

una recom- 
peiiBa 

A gallery Ena galeria 

'Phe cattle Lu ganaderia 

farm 

The cattle- SI gaiiadero 

breeder 

( attle (ianadu (m.) 

A sparrow- Un guirlan 

hawk 

V lianunock Unahauiaca 

A rag Un harapo 

An exploit Una hazafia 

To stink Hed^r 

'I he thread El hilo 

The cotton El algodon 

A bonfire Una hoguera 

An ant Una hormiga 

A merrymaking Una iiuelgu 


-Vocabulario 

Humility HumlUhuMf.) 
To humbh* Huniillar 
Idolatry Idolatria(f) 
The idol El Idolo 
The church Laiglesia 
The ignorance La ignorancia 
An ignorant Un ign<»runte 
(person) 

The magnet El I man 
Impartiality Imparciuhdud 
(I.) 

An impostor Un impostor 
Jmi)rudence Imprudencia 

n.) 

Impulse lmpulso(m.) 
The Inaugu* La inauguia- 
ration cion 

Animals Ix>s aiiimult's 
A rabbit Un cone jo 

A hare Una liel)re 

A wolf Un lobo 

A vixen Una z6rra 

A wild txiar Un jabali 

An eagle Uu Aguila 
A lark Unaalundra 

A fiuall Una codorniz 

A (luck Un pato 

An owl Un ouho 

A sparrow Un gorrlon 

A magpie Una burraca 

A dove Una tortola 


Enkhcise XVII. (1) 

Trauslatt' the following into Siianish : 

1. Wc went frton one town to another. T walk 
a gi>oil deal witliout being tired, )>nt he eannoi waik. 

2. 1 gave alms to n j)oor man ; it pleu'^es me t<i 
give to the really needy. 

3. I sit in the arincltair ; thoso (persons) sit on 
the sofa, and tlie child lie.s in the cradle. 

4. You can take this manuscript, that is, it you 
cun read it. I cannot decipher it. 

5. Put tlie bread on the table, and afterwards I 
will put it (in) on the sideboard while they lay the 
table. 

0. 1 wd-»h them to listen to me, and they will not 
hear me. 

7. My friends know the history of Kngland by 
heart : 1 know’ that of Spam very w’oll, and with 

time they will know’ it also. 

S. Bring hack po(xl luck w'ith yon, and when 
brought, let us Iiojk-i it w'ill remain. 

IL This picture is not W’orth much, hut when cleaned 
it will be w’orth more, and I shouhl not he hurpriKi'd 
if it were thou worth a great deal. 

10. I see that your fritmclshiji is given to another ; 
and, RC'cing it, mine decreases. 

11. The fables of Lafontaiue are nid so well 
know’ll as those of /Esoj). 

12. That maiTs ostentation is ridieiiloiic. 

Exkiu’ihe XV’^II. (2) 

'Pranslale the folhiwing int-o English : 

1. La fahnea do tulmens de Sev’dla os niia de las 
ennosidad('H de I'so jniehlo. 

2. La gonte did pueblo en Aiidulueia usan fajas de 
coloroH biillanles: el cfecto es nmy pintoresco. 

3. So UHH la palahra fatiga adenias del sontido 
eansancio coino una (‘xelanmcion (pio (piiere deeir, 
(jue fastidio, t|Ut' apuro. 

4. En iiempo de la cahalleria andante nadhian 
loH Caballeros de nianos de sus da mas nn galardon 
(|ue eonsm’vabau y defend ian eon sii vida. 

r>. La (Jaleria iShieional en J.«ondreH eontii'ue nuiy 
hiK'noH cnadroH. 

0. Los toroK (jiie vienen a los jaadilos jiara las 
enrridas son simnpro llamados el ganada, 

7. Kay tnondigos, (jin', ^est^do^ de liarapos, con- 
ser\ an ahn algiina dignidad. 

8. Las hazarias d(‘l (Jid s(»ii eonoeidas por todo < 1 
inundo civilizado. 

S(' ha(‘(Mi niuy bonitas l(‘las de algodon ; las d(' 
Manchester son las na'jori's. 

10, En lus hiu'lgas haila l.i gen1(‘ del eampo 
alredc'dor d(‘ las hogiKM’as. 

I 1. La liuiniidad os una virtnd, pero el humillai 
al humilde es el acto de ima p(‘rsona desyiotica V 
orgullosa. 

12. La Ignorancia es atnwida. Nadie da iiiia 
opinion inns decididu y perentona (jue (d ignorant!'. 

Key to E.vi:jtriMi: XVK. (1) 

1. Sirviendo a la yiatria se ganan honores. 

2. S(’gnir el nml ejeniplo es inalo, signinos siiMiipie 
e| hueiio. 

3. .Al cefiirsc la espuda gnt(') “ \’iv'a el Hey.” 

4. No compitamos con esa casa ; sus ja'ceios sdu 
ridiculainentc baratos. 

r». No compres e‘sa tela ; m«' deshne y mancha Jas 
iiianos. 

0. (iustOHurnente despediiiios a un liiiesjied des. 
agradable y fastidioso. 

7. Ks difieiJ elegir a ini compahero de \iaj<', yiero 
una vez elegido hay (jue u\enirse con <'d liasta el fin 
<Ie la joniada. 

8. Hay quo ndlexionar ant<‘S do invostir sii jaitii- 
nionio, pues despiics de inxestido so corre ni'sgo <h' 
no poder’ retirario. 

M. Midatnos el pafio ant(*s de cortar la caj>a, y 
cortemoslo segun la medida. 

10. Persiguieron al eneinigo hasta que no pudieron 
prosegiiir mas lejos. 

11. Reilir con sus amigos es (osa de nefios. 

12. (Jontribujmnios eon hiienus f>l)ras al bien d('l 
projirno, pero quo la contribneion M(*a seiisata. 
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Key to Exercise XVI. (2) 

1. She is so old and that she looks like a witch. 

2. He hurt that child ; he is a brute 1 

3. That man is a brewer ; he made his fortune* 
selling beer. 

4. He showed me a very ancient dagger ; the 
workmanship is very fine. 

6. The strawberry beds in my garden extend foi 
half a league. 

6. There are very fine fruit trees in tlie orchard. 

7. The figs, pears, and apples are very delicious. 

8. Heather grows on mountains. 

9. The lemons and oranges which grow on our 
lemon and orange trees are noted for being good. 
Our strawberry beds also yield \'erj^ large straw- 
l>errios. 

10. The 'flower of the pomegranate •tree is as j>retty 
us its fruit. 

11. It is the fashion to make rush Inmitiirc : it is 
pretty, but not lasting. 

12. The box of the Alcazar of Seville is celehrahHl 
for its age and beauty. 

13. In Spain they make a presorv^e of almonds and 
nuts called twrrow, which is very good. 

14. Olive trees are sad and melancholy-looking ; 
their foliage is nearly black. 

PROSE EXTRACT XIV. 


Fiom “ La Barraca ” 
Blasco Ibofiez. 

The wide plain was 
rousing itself in the blue 
gleam of dawn, which rose 
like a brood band of light 
alxive the sea. 

The last ightingak's, 
weary of enlivening with 
their songs the spring-like 
mildness of the autumn 
night, sent forth their 
final trills, as if the light 
of morning had pierced 
them wit}) its steely rays. 

Piands of ajiarrovs 
ui'ose from tlie straw - 
tliatched roofs of the huts, 
like a troop of street arobs 
ui full flight, and the tree- 
lops trembleil with the 
first gambols of these 
urchins of the air, which 
was all filled wuth the 
noisy rustling <*i their 
fi'atiier tunics. 

The noises of the night 
(lied slowly away — th(‘ 
lapping of watercourses, 
the whis))eriiig of inishes, 
the barking (»f vigilant 
mastiffs. 

The plain was w’aking ; 
its yaw'ning grew louder 
and louder every moment. 
The crowing of cocks 
spread from hut to 
hut ; the belfries of the 
little villages sent fortli 
their noisy peals for the 
first Moss, ringing afar 
from the blue turrets of 
Valencia, which showed 
misty in the distance. A 
disoordemt animal concert 
arose from the farmyards 


(The Hut), by Vieent<' 

Dosperezabase la iin* 
mensa vega bajo ('1 re- 
splandor agulaclo dol 
amaneeer, aneha faja de 
luz (]ur asomabo poi la 
j)art(' del mar. 

Los ultiinos ruisefiores, 
cansados do animar con 
HUS trinos aquella noehe 
de otofjo (^ue por lo tibio 
do su ainbient(* par^cia de 
primavera, lanzaban el 
gorjeo final eoino si Ics 
hiriora la luz del alba con 
HUS reflejos de ucero. 

Do las tecimmbres do 
paja de las barrocas 
salion las bandadas de 
gornoncs como tropel de 
pilluelos pemeguidoH, y, 
las copas de los arboles 
estremeoianse eon los 
prirnc'ros jupieteos de 
a(pielloH gramijas dc'l 
wpaeio quo todo lo 
alborotaban con el roec 
do su blusa de plunias. 

Apagabunse lenta- 
irumtc los nnnoros ({ue 
ixjblaban la noehe — I'l 
barbotoo do las accquias, 
('1 nnirniullo de los cafia- 
verulos, los lodridos do 
los mastines vigilantes. 

Despertabn la huerto, 
y sus bost('zo8 eran cuda 
voz niAs ruidosos. Rodaba 
el canto del gallo d(‘ 
Iwrraea en barraca : los 
campanarios de los pue- 
bleeitos devolvian eon 
rindosas badajudas el 
toque de misa primera 
quo sonaba A lo lejos c'li 
las torr<^ de Valencia, 
azulos, esfumados por In 
distancia, v de los corrales 
salia un dWordnnte con- 


—the neighing of horses, 
the lowing of meek kine, 
the cackle of hens, the 
bleating of sheep, and the 
grunting of swine ; the 
noisy awakening of beasts 
which, feeling tlie fresh 
caress of morning laden 
with the acrid smell of 
vegetation, long to roam 
the fields. 

All space was gradually 
soaktHl with light ; the 
shadows vanished as 
though swallowed by the 
otien furrows and masses 
of foliage ; and from the 
vague twilight of the 
dawn emerged the bril- 
liant and humid outlines 
of rows of mulberry and 
fruit trees, the swaying 
lim^s of rushes, the gremt 
squares of growing voge- 
tables like enormous green 
handkerchiefs, and of 
carefully ploughed red 
earth. 

Vpon the roads aiipoar* 
(*d files of moving black 
H|>eek8, like r rosary of 
ants making towards tho 
city. From o\'cry comer 
of tho plain arose the 
croaking of wheels, and 
a sound of lazy singing, 
interrupted by a shout of 
encouragement to tho 
boasts ; and every now’ 
and then, like the sonor- 
ous iramp(^t.call of morn- 
ing, tho air was I’cnt by 
the furious braying of the 
four-footed pariah, as if 
in protest against the 
hoa^y labour which fell 
upon him almost at break 
of day. 

In the w ater-couiM"^ 
the smooth sheet of red- 
dish crystal was trouble* I 
by loud plungings, which 
silenced the fro^^, and in 
a noisy flapping of wings 
the swans advanced like 
galleys of ivory, their long 
Hcrpont-necks moving like 
fantastic prow’s. 

Life, which inuiidatc'd 
the plain, together with 
the light, penetrated into 
the interior of the huts 
and farmhouses. 


Vicontc Blasco Ibufiez, 
who w as bom in 1897, is 
considered one of the 
foremost living novelists 
in Spain. “ The Hut ” is 
a tragic stoiy^ of village 
life, told with grim power 
and great literary beauty 
of style. 


Continued 


ciejiio animal, rclinohos 
de caballos, mugidos de 
inansas vacas, cloquear 
de gallinas, -balidos de 
Corderos, ronquidos de 
eerdos, el despertor nii- 
doso de las bestias que al 
sentir la fresca caricia del 
amaneeer cargada de airr, 
l>erfumo de vegetacion, 
desoaban eorrer por los 
campos. 

El espacio se empapaba 
d(^ luz, disolvianae las 
sombras como tragadas 
por los abiertos surcos y 
las inasas de foUaje, y en 
la indocisa neblina del 
amaneeer iban fijando sus 
contornos huinedos y 
brillantes las filas do 
morcras y fru tales, las 
ondulantes linoas dc 
('afias, los grandes cuadros 
de hortalizas semejantes 
a enonnes paftuelos 
verdos y la tierra roja 
cuidadosumento labrada. 

En los eaininos maren- 
banse filas do puntos 
negTOR y movibles como 
rosarios d(* hormigas qu(» 
marchaban hacia la 
cindad. Por todoa loh 
extremes do la vega 
sonaban chirridos d*' 
ruodas, eanciom^s pore- 
zosas intermmpidas jwr 
ol grito arroando las 
hestias, y de vez on cuando 
como sonoro trompetazo 
del amaneeer, rasgaba el 
espacioun furioso rebuzno 
<lol cuadriipedo pdna, 
como protesta del pesado 
trabajo quo caia sobro 41 
ajK>mH naeiclo el dia. 

En las accquias cori- 
moviase la terha Idmina dc 
cristal rojizo con sonoros 
chapuzones, que haoian 
callar d las ranas, y 
midoso batir do alas y 
como galeros de marfil 
avanzaban los cisncH 
moviendo cual fantosticas 
proas sus cuelJos di' 
Kcrpioute. 

Lu vida quo con la lu/. 
inundaba la vega, p'nc- 
traba en cl interior ac las 
}>aiTRcas y alquerias. 


Vicente Blasco Ibafioz, 
naeio en 1867, es con- 
siderado en Espafia como 
mio de los priraoros 
novclistas do nuostro 
tiempo. “ La Barraca ’ 
es una historia trdgica dc 
la vida de aldea, dicha 
con una fuorza eombrin, 
y im herraoso estilo 
iiterario. 
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ESPERANTO 


C’uutinii«Kl from 
pact« 4512 


By Harald Clegg 


PREPOSITIONS 

There are tliirty-four words in 
Esperanto which are essentially 
prepositions, and to each of which 
a fixed meaning and power are 
given. They govern the nomina- 
tive case and not the objective, as 
in English. Care must be taken 
in translating English ])re|x>8it ions 
to see that the exact sense reipiired 
is given to the phrase. When we 
say in English, “ I saw a man 
with a teleseo}K‘,” the meaning of 
“ with a telescoi>e ” is ambiguous, 
and “ J..essons in Esfx*ranto *' may 
mean that instrindion on a sub- 
ject is given in that lan- 
guage, or that Ksjieranto is the 
subjt'ct alxmi which instruction 
IS given : so that in all cases the 
preposition selected must lx* that 
which gives a logical meaning 
to the idea to be expressed. 
When, how'ever, it hap]X‘ns that 
none i)f these will accurately 
convey the sense desired, there 
lies in reserve the ])reposition }< . 
wu'th no definite signification ; hut 
as proficiimcy in Esiieranto is 
accpiired, the necessity for using 
that word decreases. It should 
only be used as a last resort. An 
alternative course is to omit the 
preposition and emi»loy the objec- 
tive case, but this should only lie 
done when the cleaniess of the 
meaning is not affected. Nearly 
all prepositions may lx* used as 
prefixe.s to words, V\> thus get : 

to be at, to be present at 
aliri, t(» go to 
in'ilHiroli, to sjieak about 
I Sco V ocalailary. 1 

It is important to remem her 
that, as in English, prepositions 
do not end phrases. ’* The man 
John spoke to” must be trans- 
lated, “ hi riro (U kin JoJuttio 
(The man to whom «Iohn 

sjioke). 

The following are the most 
commonly used prepositions : 

to, townids 

re, at, at the place of, at the 
time of, with 

da* of (used after words indi- 
cating weight, measure, 
and (piantity) 

de, of, from, by (denoting 
origin or starting pfiint) 
e/,t out of, from among, ex- 
traction 
c», in, into 

jerit behold. Jen estas^ here is, 
liere are 

kun, with, in company of (never 
indicating the instru- 
ment). 


means of, through, 
wdth (marking the in- 
strument) 
for, in order to 

pn\ concerning, about, relating 
to, of 

pro, on account of, fm* the sake 
of, owing to 
ften, without 
ftuh, under 

anr, on, upon (actually touch- 

'•'g) 

tia, tlii'ougli 

* This word is used instead of, 
and tti distinguish it from, dc in 
sucli cases as the following : 

A plate of soup, Telero do ,'*upo, 
meaning a plateful of soup, and : 

A [ilate for soup (soup plate), 
wJiich is Tehro de (or por) nupo. 

t Also, to do a thing thoroughly. 
ICx. : ICUerui, learn thorougldy. 

X The mood of any verb which 
immediately follows fxtr is always 
infinitive. 

THE VERB (Past Tense) 

'Vhe past tense is formed by the 
addition of ix to the root word, 
and is the same for all |x>rH()ns, 
singular and plural. Kxamplcs : 

'hie father birched tlu‘ child, 
Lo />atro errgix la info non, J’hc 
men aec(‘pte(i the pa]M‘rs, [jo riroj 
aknpf{*< l<t jxjperojn. 

VOCABULARY 
afei afiair, hodiafi *, to-day 
niattiT ir', go 

akv\ water Thursday 

<tod\ hear kant\ sing 
fimas\ ctowmI hmrert', vowavvi 
ftrh\ tree leo7i\ lion 

h(’um\ need, land', Monday 

want moMtro, master 

b1ov\ blow (/’. ) mard', Tuesday 
hotel', bottle werkred', ^^'ed- 
hol', boil {v.it.) uesday 

hro', noise rnuzik', music 

I'arnhr', room, nokf', night 

chamber paroV, sjicak 

reriz', cherry pasir', priest 

dane/, dance ask for, lieg 

demand', H‘-k, jxjpol', jieople 

(pieslion rext', remain, 

dirnunr', Sunday stay 
far', make, do strat', street 

fit', son .safaif', Saturday 

freU', brother Hemajn', week 

funt', pound xinjor' ,HiT,y[Y,, 
ijarden', garden gentlemaTi 
general', geneiul mldat', soldier 
(army) leair', theatre 

iju', enjoy tag', day 

glas', glass i^end', sell 

(wine, etc.) vendred', Friday 
/nVma *, yester- vent', wind(s) 
day rin', wine 


Exercise 2. 

The soldiers went through the 
streets. Sunday, Monday, Tues- 
day, Wednesday, Thursday, Fri- 
day and Saturday arc days of the 
week. In the night the son heard 
a noise. The water and the soup 
ui-e boiling. The father spoke to 
the soldier about the matter. The 
children danced in the room, and 
the birds sang on the tree. The 
general had a bottle of wine, and 
asked for a glass of water. The 
cherries remained on the tree. 
On Friday and Saturday (the) 
father ami (the) brother went to 
the theatre to hear the concert, 
^'esterdny the ]wiest bought a 
pound of cherries, and to-day tlic 
son of the general sold a bottlo of 
wine to the cousin. Here is a pi)ie 
and tlie gazette. Hero are some 
cherries and a water-glass. The 
lion has teeth. J'he water ro- 
mnined on the table in the room. 
Here is a crow’d of men in (on) the 
stioet. 'J'he gentleman and the 
master heard the noise and spoke 
to tlu‘ i)ricst about the affair. The 
son saw the brother at the theatre. 
At the concert the gentleman sang 
and the neojile enjoyed the music. 
'Die bird went out through the 
window. In his (the) hand the 
soldier had a stick. 

PRONOUNS 

'Phe Personal Pronouns are : 

Siyfgufar : 

1 )ni she st 

thou ei he li 

>ou vi it f/i 

Ploial : 

wc ni you vi 

JJicy Hi 

There flic also si, Reflexive 
Pronoun (used for all numbers 
and both hcxck, in the third 
I loi’Hon only, and never as subject 
of a sentence), andowi, an indefi- 
nite ])r()nonn, which represents 
it, tliey, j}eO]>le, one. Tt is 
the French on. All tlie abovi* 
pronouns (witli the jiossible 
(‘xception of ond), like the noun 
wlion tlio <lii*ect object of a verb, 
take the accusative n, but 
naturally they cannot take the 
jilural /. Ci is very rarely used, 
only being emjdoyed in trans- 
lation, where fidelity to the 
original reijiiires it. As will be 
seen al ove, vi is used in th(‘ 
second person both singular and 
j dural, (ri is used in speaking 
of inanimate objects, or to indi- 
cate animals, and even children, 
when the sex is not particularly 
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to })e distinguished. Siy the 
reflexive pronoun, is something 
new to the English learner, and 
its functions must be carefully 
noted. It stands for the Englisli 
words self and selves, as in 
himself, herself, itself, them- 
selves, and is employed when 
the idea expressed by the verb 
in the sentence refers to tlie 
Mi>)joct. Examples : 

lie 8j^»kc to himself, Li 
]>aroli8 al si (not li). The 
father and the brother bought 
wine for themselves. La fatro 
kaj la frato arctie vinon 'par si. 
She washes herself, lava^f sh 
(not Mn). 

Emphasis may be given lo tiie 
meaning by adding rntm, and this 
word may i>e used after any of tlie 
]»ersonal pronouns. Exam])leH : 

I myself paid the man, Mi vtnn 
pa'jh la rirov. 'rhey thanked 
ihemnclvea. Hi da)}kis 8i>i mfw. 

The indefinite pronoun oni 
(third person) is used in a general 
sense when nobody in jmrtienlar 
is s^iokcn of, as : 

It is said. They gay. Oni diro'*. 

T was told. Oyii diriA al mi. 

AFFIXES 

Hesides the prepositions iK'fore- 
mentioiied, which are used as p?*e- 
fixes to fonn new words, there is 
an elaborate system of affixes, eon- 
sisting of tliirty-tw'o words, which 
are prefixed or ndded to the regular 
roots. It is of the first im|>ortanee 
for learners to be fully aequaint<*d 
with the meaning and value of 
these particles, as they form a stock 
of separate words which will not Ik' 
given in the attached vocabu- 
laries. By their aid it is possibh' 
to form an indefinite number of 
cognate words which express 
every jiossible shade of thought, 
without obliging the student to 
learn distinct words for each 
object or idea. The voeabtdaries 
will 1)0 searched in vain for such 
words as small, bail, woimui, 
chicken, forest, ns these are con- 
structed by means of affixes from 
the words large, good, man, cock, 
tree. From the single word san', 
meaning health, fifty i)crfect 
words can be formed, thus de- 
monstrating the possibility of ac- 
quiring words without unneces- 
sary labour. 

Prefixes. Mai denotes the 
direct opposite of any idea (not 
simply its negative). Example : 
Admiriy admire ; maladmiru de- 
test. BonOf good; malhono, evil. 


Bo denotes a relation by mar- 
riage. Example : Patro, father ; 
hopeUro. failtw-in-law. Froito* 
brother ; hofrato, brother-in-law\ 
Die denotes separation. Ex- 
ample : to throw ; disjeti^ 

to scatter. »^m,totear; dimiriy 
lo tear to pieces. 

VOCABULARY 

adiaih good- har'y haiv (sivg.) 

bye, adieu hejni\ home 

ahnnet\ lucifor help', helj) 
amik'y friend hom\ man, 
aparten' yhaXon*^ human being 


harh\ beard 

horloff\ clock 

Imr'y boor 

hund\ dog 

hlek'n cry (of 

jes» yes 

animals) 

kaf\ coffee 

rigar\ cigar 

kon'’^ know 

rit\ cite, men- 

kor% heai t 

tion 

hijy live, lodge 

res'y cease, stoj) 

'}K)v\ able to 

reval\ horse 

qyi'opm'y pro- 

dicid\ decide 

pose, off(‘r 

dev\ be obliged 

sem\ sow 

(to) 

seV t know 

don\ give 

skaioW box 

dWy doubt 

.sf//, sliij) 

€nlrep)'en\ 

^on\ stone 

imdertalvi* 

te\ lea 

vsth\q\ extin- 

wi', come 

guish 

vmtT\ winter 

fajr'y fire 

riv\ live 

famiU\ family 

roVy willing to 

(jas\ gas 

vort\ w^ord 

goufy throat 

roj\ way, road 

grup'y gi’ouj) 

vund% xvound 


♦ Koii' means to be i^ersounliy 
acquainted with, to understand th(‘ 
nature of. to Know of, to know 
who such a person is. or what such 
a thing is. 

t Sci' means to know’, to ])er- 
eeive with the mind, ne\er to 
know' a jierson. 

Exlucisk 3. 

1 w'.nU (beg) a glass of beer and 
a ])ii)e. '^bu must extinguisli the 
fire and the lamj). 1 heard the 
neigh of the horse and the bleat of 
the sheep. He w^as doubtful about 
tlie affair. Father-in-law'. Brother- 
in-law. The ox lielongs to lier. I 
can sing and dance. Yes, sir. 1 
Jiave a cigar and matches. He 
himself was in- the garden. She 
helped me. and I thanked her for 
the offer. They gave me the book, 
and I tore it up. He has a friend, 
and she has an enemy. They w'ant 
to hinder you. In the w^inter I live 
in the house and work. She de- 
cided to buy the elock. You men- 
tioned the matter to me. Man 
has hnir(8), throat, hands, and a 

CoTtfinned 


heart. The fire is biuning. You 
made me an offer, and 1 
it. The matches in the box belong 
to us. I know you, and you know 
me. To-day is Wednesday and 
yesterday was Tuesday. The son- 
in-law remains in the street with 
the cousin. In the night the wind 
blew. Tlie lion wounded itself ; 
it roared and made a noise. Clood- 
bye, friend, I want to thank you 
for the help. 

ADJECTIVES 

The adjective is formed by the 
addition of a to the root word, and 
always agrees in numbiT and case 
with the noun W’hieli it qualifies. 
Examples : 

Noni. sing. : Forta viro enirtfi, 
A strong man 
t'Tiicrcd ; 

„ ])lur. : Forta j viroj enirisy 
Strong men 
entered. 

Obj. sing. ; Mi vidis fortan vt- 
I saw a strong 
man ; 

,, ]>lui. : Mi vidis fortajnvi’ 
rojn.l saw (mine) 
strong men. 

Adjectives used prodicativoly 
always agree in number with the 
noun, but arc always in the 
nominative case. Examples: 

La viro eslas f(aia, The man 
was strung. 

La n'roj cstas forta jy The men 
were strong. 

Li turns la teon homy He found 
t lie tea (to be) good. 

In the latter example there is a 
siippleiiientnl predication W'hich is 
shown by the easy intermission of 
the auxiliary infinitive, and, as 
before-mentioned, the aeeusativo 
can never follow any form of the 
auxiliary verb esii, 

Kf.y to Exebctsl 1. 

Oiiklo, safo (or safoj), la 
bastono, la fenestroj, skribi, 
danki, puni, iondi, vidi. La 
kuzo laboras. La edzo skribas. 
La Aafo staras. Onklo punas. 
La safoj kiiras. T.<a edzoj acetas 
gazetojn. Patro admiras la 
aglon. La infauo tondas la 
pfiperon. La agio estas birdo. 
Unklo havas segon, tablon, kaj 
bastonou. Safoj kaj bovoj estas 
bestoj. La patro fermas la 
f enestro jii . La edzo havas cape - 
Ion kaj la safoj havas vostojn. 
La agio vidas la infanojn. La 
infano dankas la patron. La 
viro a6etis tablon kaj segojn. 
La viro akcoptas la ^pelon. 
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By Dr, A. J. HERBERTSON, M.A,, and F. D. HERBERTSON. B.A. 


IN a limited space it is impossible even to 
* enumerate the commodities of which civilised 
man makes use. The depths of the sea and the 
bowels of the earth aie ransacked for their 
treasures. In the plant world, root, stem, sap, 
bark, leaf, bud, flower, and fruit are all utilised. 
The very parasites of the tree are sometimes 
pressed into service. In the animal world 
there is hardly a creature or an oi^an for which 
some use is not found. Meat, blood, intestines, 
bones, sinew^s, horns, hoofs, hides, and furs, all 
have their puipose to serve. If the bounty of 
Nature is almost inexhaustible, the ingenuity of 
man is hardly less so. 

The Products of the Forest. Two regions 
of the world are densely forested, the temperate 
lands, and the tropical regions near the equator. 
The products of the two are very different. 

In the north temperate belt of the Old World 
forests cover Sweden and Russia and stretch 
eastwards across Siberia. In the corresponding 
regions of the New World are the dense forests of 
Eastern Canada and the Eastern United States. 
These forests are coniferous in the northern and 
the higher parts, and deciduous in the southern 
and the lower parts. 

The chief products of the temperate fopetts 
are timber, lumber, turpentine, pitch or tar, 
and resins and gums. 

Timber. Timber is the oldest and most 
widely distributed building material in the world, 
as well as the most universal fuel. Its other 
uses are innumerable, from the great cargo ships 
of trading nations down to the nicely adjusted 
handles of an infinite variety of tools. Next to 
the food-stuffs, timber is, perhaps, the most 
indispensable of materials. 

No natural product has been used more reck- 
lessly. Before the introduction of coal, enormous 
quantities were used, not merely as domestic 
fuel, but for such purposes as smelting metals. 
The Weald of Southern England is one of many 
districts thus deforested. This method of smelting 
is still practised in forest districts of Russia and 
Sweden. In regions as far apart as Mexico and 
Amuria wood is the fuel employed both for 
railway and steamboat traffic. Still greater 
is the amount of valuable timber which has been 
wantonly destroyed in clearing land for culti- 
vation. Forest fires annually destroy vast 
quantities both in Canada and the United 
States. The demand for timber is steadily 
increasing all over the world, while the more 
accessible forests have been greatly reduced 
in area. Hence the price is steadily rising. 
The timber imported into Britain in 1905 was 
valued at over £27,000,000. fSee the section on 
Forestry in Appukd Botany.] 

T 


Timber, being bulky and heavy, can only be 
cheaply transported by water. Where the 
forested regions are mountainous, as is often the 
case, timber can be cheaply floated down 
stream to the sea. Much timber is sawn by 
water power, and transported in that form. 
Much is reduced to Ysood pulp, of which paper is 
made. 

Lumber* Lumbt*r is sawn timber. The 
value depends largely on the absence of knots, 
to avoid which the tree must be prevented 
from branching as long as possible. [Se<' 
Materials and Structures, page 57.] Pine 
forests require a century to mature, but a solitary 
pine only half that time. The Scotch pine, one 
of the most valuable European timber trees, may 
live 400 years. Oak forests mature still moic 
slowly. 

The timber exported from the Baltic 
ports is the red wood of the Scotch fir, and the 
white wood of the spruce fir. Both arc used for 
roofing, flooring, street paving, etc., the latter in 
the cheaper lines. The Weymouth, or yellow 
pine — the white pine of the United States —iH 
commercially the most valuable tree of Canada 
and the Eastern Ignited States. It is very free 
from resin. The pitch pine, ranging farth(U’ 
south, is heavy, resinous, and harder to work. 
It is extensively used on both sides of the 
Atlantic. The giant pines of the Pacific sea- 
board yield timber for masts, etc. The deodar, 
or Indian cedar, is abundant in the Himalayan 
forests, and much used in Northern India. 

Of deciduous trees, or hardwoods, the strongest 
and most durable is oak, but it is too expensive 
unless durability is of prime importance, as in 
shipbuilding. Unfortunatelyit rusts iron. Elm, 
ash, beech, tlie tough American hickory, and the 
decorative walnut and maple are the other 
leading hardwoods. 

Turpentine* Pitch and Tar. Many 
conifers yield a resinous sap. The resin of the 
New Zealand kauri pine is used for the finest 
varnishes. Much of it is dug out of the ground 
on the site of former forests. [See page 1034.] 

Turpentine, largely used to dilute paints and 
varnishes, is distilled from the resinous sap 
of the pine, particularly from that ot the long- 
leaf or Georgia pine. The forests of Georgia and 
the Atlantic coastal plain generally yield most of 
the world’s supply of turpentine through the 
ports of Savannah and Brunswick. The tree 
IS cut near the base, allowing the sap to 
exude and harden into crude turpentine, from 
which commeiTial turpentine is distilled. The 
residuum forms resin, or rosin, used in making 
varnish, paper, soap, and sealing wax. 
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little' turpentine is jaade ia the iore^t ooxxn- 
triea of Earope^ which supply pitch and tar 
[see page 1163], obtained from the sap by 
different processes* In Russia tar is made by 
allowing wood to smoulder under a covering ot 
turf or earth which excludes the air. Ilnproved 
methods have been devised by which charcoal 
can be made at the same time. Creosote, a 
powerful preservative, is made from tar. 

Other Temperate Forest Produce. 
Oak bark is less used than formerly for tanning ; 
larch bark, hemlock spruce bark (U.S.A., 
Canada), wattle bark (Australia) and Natal 
bark being common substitutes. Valonia, the 
acorn cups of an oak grown in the Levant 
and exported through Smyrna, are used both 
for tanning and dyeing. An evergreen oak, 
found in Spain, Portugal and round the Medi* 
terranean generally, supplies cork. 

Tropical Forest Produce. The wealth 
of the tropical forest, of which only a fraction is 
yet utilised, far exceeds that ot the temperate 
forest. Many trees yield timber ot great strength, 
while that of others is of exquisite beauty. 
Teak, with the strength of oak, is largely us^ 
tor backing the armour plates of ships because 
it protects iron from rust. It grows m Eastern 
Asia, Java,>and other parts of the East Indies. The 
Britisl supply is from the carefully regulated 
forests of Upper Burma. Two gigantic species 
of Australian eucatyptus supply the hard jarrah 
and karri wood. The former resists sea water, 
and is used for piles and the foundations of piers, 
docks, etc., as well as for railway sleepers, and 
for street paving. 

The forests of the West Indies and Central 
America supply many ornamental woods, the 
best known of which is mahogany. Rosewood, 
another familiar cabinet wood, comes from Brazil. 
Both are used principally for veneering, a thm 
layer of the expensive ornamental wood being 
applied to a cheaper frame. Ebony is the heart- 
wood of a tree found in Ceylon and the East 
Indies. Boxwood, another Indian tree, which 
also grows round the Mediterranean, is hard and 
very fine in grain, and xs much used by engravers. 
The fragrant sandalwood is abundant in the East 
Indies and New Guinea. Another important 
group of tropical forest trees are the dyewoods. 
Logwood, which yields a range of blue and brown 
dyes, grows in Yucatan and Central Amenca, 
including British Honduras. Some fine dye- 
woods are also obtained from the forests of 
West Africa. Cutch is the juice of an acacia, 
exported as a dyestuff from Burma and the 
Straits Settlements, Gam bier, a dyestuff obtained 
from the young leaves of a climbing plant, also 
comes from the Straits Settlements. 

Rubber. Of the tropical trees secreting 
valuable juices the most important are the 
rubber-yielding plants, which belong to many 
different species [see page 808], The finest 
rubber comes from South America. Some of its 
uses wei’e known at the time of the European 
conquest, but it was of little commercial value 
till the discovery of vutcanisationj which hardens 
rubber without desl^ying its elasticity. This is 


effected by adding sulphur* in quantities varying 
wi^ tke degree ot hardness reqifired .1 The 
addition of about 50 per cent, of sulphur forms 
the hard, black, substance .known as ebonite. 
Vulcanised rubber is used for innumerable pur- 
poses, one of the most important of which is the 
making of pneumatic tyres. 

The finest rubber is flie Para rubber, or Hevea 
hroMliensie, from the Amazon Valley, shipped from 
Para, Manaos, and other ports ot the Amazon. 
Inferior rubbers, from other species, are exported 
from Ceara and Pernambuco. The rubber ex- 
ported from Brazil in 1904 exceeded £11,000,000 
in value. Many tropical trees of the Old World 
also yield rubber. In 1904 the Congo Free State 
exported it to the value of nearly £2,000,000. 

The demand for rubber is mcreasing more 
rapidly than the supply. Increasing quantities 
will be obtained from Nigeria, Assam, and 
Borneo, but less wasteful methods of collection 
must he adopted, and attention devoted to 
forming rubber plantations. 

Gutta-percha, from the Dichopsis gvUa and 
other plants, resembles rubber, and is also 
capable of vulcanisation. It is obtained from 
the Malay Peninsula, Sumatra, and Borneo, 
through Singapore. Its chief use is for coating 
telegraph wires, especially in submarine cables. 

Tree Oil*. Many tropical trees yield useful 
oils. [See page 1032.] The fruit of the oil palm, 
when crushed, yields palm oil, used in making 
soap and candles. The coconut palm is a 
widely -distributed tree which prefers the neigh- 
bourhood of the sea. Its seeds are enclosed in a 
thick husk, and are carried by ocean currents 
from shore to shore. The oil yielded by the 
kernel is used in tropical countries for food and 
many other purposes, and commercially for 
making steorine candles and soaps, which lather 
in sea water. The dried kernel forms copra, 
100 lb. of which yield about five gallons of oil. 
Eucalyptus oil is distilled from the leaves of the 
Australian eucalyptus. Castor oil is obtained 
from a plant native to India, but cultivated 
round the Mediterranean and in America. It is 
used medicinally, but in India also for lighting 
and lubricating. The finest is “ cold-drawn ” — 
that is, obtained by crushing the seeds without 
heat. 

Ground Nuts. Ground nuts are the pods 
of a leguminous plant, so-called because they 
bury themselves in the ground to ripen. They are 
chiefly exported from West Africa, but are also 
grown in Southern Europe, India, South America, 
and the Southern United States, where they are 
called peanuts. The oil can be used as salad oil, 
and the residuum as a feeding stuff for cattle. 

Gums and Resins. The tropical gums and 
resins include dammar, obtained from a coniferous 
tree of the East Indies. Copal grows in tropical 
Africa, e^cially in Portuguese West Africa, in 
India, the East and West Indies, and South 
America. Dragon’s blood is a reddish resin from 
Sumatra. Frarddneense, or olibanum, is obtained 
from Southern Arabia and India. Gum araluc 
is secreted by various acacia trees which flourish 
chiefly in the Sudan. 
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By Professor JAMES LONG 


THE poultry industry has made ^at strides 
* during the past ten years. During the pre- 
vious thirty to lorty years Englishmen devoted 
little attention to the economical side of poultry 
breeding. 

The Fascination of Poultry. The 

number and beauty of the varieties appealed to 
thousands of persons, who became fascinated with 
their pluma^, their form, and their colours, and 
who devoted their efforts to the perfecting of 
those fancy points which form the basis of the 
awards of judges. Wonderful skill has, in con- 
sequence, been developed and exercised, and it 
is entirely owing to the art of the breeder that 
the most perfect varieties of to-day owe their 
brilliant colours, their mathematical marking, 
and the symmetry of their combs, ear lobes, and 
general form. 

The principle, however, which is necessarily 
adopted in the selection of the fittest for repro- 
ductive purposes on these lines is entirely opposed 
to the improvement of economical properties of 
poultry. Instead of developing the breast and 
the merry- thought from the point of view of an 
increase in the quantity and quality of the meat, 
and instead, too, of increasing the laying powers 
of the hens by breeding from the best layers, the 
amateur maae a point of selecting his breeding 
stock wholly and solely on the basis of thosi* 
qualifications which appeal to the eye, and which 
are alone calculated t© secure prizes in competi- 
tion. We must, however, in discussing this 
hubjoct, take things as we find them, and our 
descriptions of the pure breeds will, therefore, be 
based upon the existing standards of the most 
perfect exhibition birds of eacli breed, a few of 
which may still be regarded as utilitarian, and 
if not precisely all they should be, still deserving 
employment in the practice of breeding for 
economical purposes. 


The Two Main Classes. We may 

divide the piure breeds of poultry into two 
classes — those which are useful, whethei also 
f>mamental or not, and those which are essen- 
tially ornamental, their utility being so compara- 
tively small that they are not worth the attention 
of those connected with the genuine industry. 
It will be noticed that the hens of the utility 
bi'eeds are usually sitters, although in many 
cases they are layers of an inferior order ; also 
that they are comparatively large in size, whereas 
the hens of the ornamental breeds are as a rule 
non-sitters, smaller in size, and, in some cases, 
layers of a lar|^ number of e^s. Where the 
non -sitting and the sitting varieties are crossed — 
and we apply the word siUer to the hen which 
hatches eggs — the females produced are usually 
sitters, although in many instances they are too 


sensitive and excitable to be generally entrusted 
with valuable eggs. 

The varieties may be classified as in this table. 


I THE UTILITY BREEDS OF 

POl LTK\ . 









% . 

•SI 

0 s 

Name. 



Sid ' so 

IS 




< 





Ih 

02. 


Dorking (4 varietien) . . 

Hlttei*8 

8-9 

274 

120 

Indian (jame .... 
01(1 EngUAli Oaine 

ff 

7 

24 

100 

(several varieties) . . 

Modem Game (many 

tt 

4*-r)i 

24 

90 

varieties) . . 


6-7 

24 

85 

Plymouth ii<x:k(.‘l vnr.) . 


74 

27 

120 

Orpington (several vars.) 


6i-7 

27 

120 

Wyandotte (ditto) 

Non -sitters 

6-64 

25 

120 

(La Pleche . . . 


30 

120 

tt.Si ICr^ve CcjDiu . . . 

1 

31 

120 

£ V (Houdan .... 
£ E iBresse 


H 

26 

125 

Slttei s 

5 

33 

155 

? (Faverolle . . 

64 

27 

116 

^ , (Spanish (‘.^vaiietios) 
^ g |Minoiva(2 vaiieties) 
1 ( Andalusian . . i 

J § I Leghorn (sevi \ar.) 
^ " (Ancona . . 

Non-sitters 

5 

54 

30 

28 

76 

130 

M 

r>4 

28 

180 


44 

28-27 

1 140-160 


44 

24 

1 140 

Hiiinljurgh (d \ ai leties) . 

,, 

4 

17-19 

170-200 

Red I ’ni» 

Hlttcis 

rq 

20 

17l)-20« 

, / illmlinia (2 varieties) 
-iLangshnn . . 

8-9 

284 

85 

,, 

8 

27 

100 

^ ((’odiin (f) varieties) 

,, ' 

8-9 

25 

80 

RiotihGie> 

Non-sitteis 


29 

12() 

Uaiiipiiieb (2 \ai letit"*) 

41 

2.5 

160 

Scotch Dunqdcs 

Hitteis 

5 

No 

100 

1 


data 



1 TUi: OKNAMENTAL BREEDS OF POULUHY. 

>111110 

Sitter or 
Non- 
Sitter 

Average 

W eight of 
Cockerel. 

Average 
Weight of 
Eggs per 
Dozen. 

Average 
Number of 
Eggs per 
^nniiin. 



Ih 

07 


Malay 

Sitter 

7 

21 

80 

Aseel . 


5 

No (lata 

No data 

P(»lish(Hlx \aj M'lies) 

\on-HjtteiH 

.5 to 6 

23 


Sultan 

Slttei s 

3 

1() 


Silkies 

.*( 

15 

.'•n 

Ki i//lc 


4 

Small 

No data 


Among other ornamental varieties, of whicli 
no reliable data exist as regards weight and egg 
production, arc Yokohamas, Rumpless, Naked 
Necks, and the following varieties of Bantam : 
fTlame (in several sub- varieties ),3lack Rose Game, 
Wiite Rose Game, Gold and Silver Sebrights, 
Japanese, Pekins, Brahmas, Booted, Scotcli 
Greys, Nankins, Malays, and Spanish. 

The Mediterranean breeds, of which a Leg- 
horn is figured in 1, the Hamburghs [2J, Red 
Caps, Campines, and most of the Fnmch breeds 
lay white eggs. The Asiatics, Orpingtons, 






AomouLTum 

plenty of fine meat on the best parts of the 
carcase. Hie birds are handsome, square, hardy, 
and generally usefuL After ail, however, has 
been said, there is no single breed which eclipses 
the Dorking, either as a table fowl or as a sitter 
and mother, but the variety is not among the 
best of layers. 

Production of Young Stock. We next 
come to some questions which the inexperienced 
breeder must carefully consider 
in making and conducting his 
arrangements for the pro- 
duction of young stock. It 
uill usually be found advan- 
tageous to mate two-year-old 
hens with a cockerel bred in 
the previous year, but where 
early chickens are essential this 
may be impossible owing to the 
fact that adult hens seldom lay 
in January or even February; 
thus the breeder is driven to 
employ pullets of the previous 
year’s hatching m order to 
obtain what he requires. 

It is wise to keep the sexes 
entirely apart until they are 
mated. The male birds will be 
fresher and lustier, while any 
possible influence which may 
follow the union of the hens with any other 
male birds, which might occur should they be at 
Hlx*rty, will be prevented. The number of hens 
which should be mated to a cock is also a matter 
deserving some consideration. 

Where all the birds are free 
and roam at large, as in a 
farmyard, one, two, or three 
males may be found sufficient 
for a large number, but where 
they are practically confined 
to a , breeding pen some re- 
striction must be placed upon 
the number of hens allotted. 

In the early months of the 
year the number should be 
smaller than in later months, 
as in spring, which is the 
natural breeding season. A 
larges number of hens may be 
placed with a cockerel than 
with a cock, while as the 
heavier and coarser breeds are 
not so prolific as the lighter var- 
ieties, fewer hens are usually 
mated with a single male. 

Again, it is unwise to mate an 
active male with too few hens, 
since their plumage may be 
spoiled. In the early season 
six hens may be regarded as 
sufficient, while a little later 
two or thixse may be added, and 
later still, with vigorous birds of the previous year, 
the number may be incroajaed to ten or twelve. 
Feeding Poultry. It is important, too. 
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that attention should be paid to the feeing. 


If food be supplied in abundance, the bens are 
certain to obtam all they require, possibly more, 
and thus over-feeding must be yarded against, 
as that may interfere with prolific laying. It 
frequently happens, however, that the male birds 
will not feed sufficiently well, and \dien this is 
the case care should bei taken 
to supply them not only with 
the grain they require but 
with occasional morsels of 
meat, which they cannot pass 
on tb their wives, in order 
that they may be kept in 
sufficiently robust oonmtion. 
High feeding is conducive to 
early laying and to the pro- 
duction of a larger number of 
eggs. This, therefore, should 
te arranged for both sexes, 
especially for mature hens, 
but instead of supplying red 
meat it will be found much 
more advantageous to pro- 
vide white meat, which is 
less stimulating and equally 
nourishing, and this can ha 
obtained by cleaning, cooking, 
and mincing the intestines of 
the sheep or the bullock. 

In br^ing for the table it 
is obvious that, on account of their larger size, 
as many cockerels should be produced as pos- 
sible. There is no golden rule for the production 
of an excess of male chickens, but in practice 
it frequently happens that by mating a lusty 
cockerel — by which we mean a bird produced 
in the preceding year — to equally lusty hens 
which are a year older, and which practically 
have commenced their third season, success is 
achieved. It is not pre- 
cisely known how long the 
influence of the male bird 
exists. We may, however, 
take it for granted that 
after a week has elapsed 
between the removal of one 
male and the introduction 
of another, the eggs laid 
by the hens will have been 
fertilised by the new intro- 
duction. 

If a pen of birds be too 
small — ^namely, if the hens 
be too few in number — some 
common bens may be added 
to bring it up to a normal 
proportion ; but in this case, 
m order that the eggs may 
not be mixed and common 
chickens unnecessarily 
reared, it will be well that 
the new-comers should be 
such as lay eggs of a differ- 
ent colour, or, if this be impossible, that 
the chickens which are hatched from them 
should be easily distinguished when they are 
hatched. > 
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THE FAMILY AND THE RACE 

Marriage Provides the Conditions for the Ideal Family. The Family 
is the Strength of the 'Race. Parental and Filial Responsibility 
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By Dr. C. W. SALEEBY 


IT is impossible to consider the subject of 
* maniage and to ignore altogether the ex- 
tremely important question of divorce. Again 
we make the observation that, from a purely 
sociological point of view, divorce in the case of 
a cliildless marriage is no more important than 
such a marriage itself. From the impartial stand- 
point of our science wo are concerned merely 
Avith divorce in cases of fertile mamage. It is 
impossible here to summarise, even briefly, the 
various laws and customs of divorce which 
historians of the subject recognise. So far as 
English-speaking people are concerned, the 
subject is exhaustively discussed in Professor 
Howard's gi’eat book, which is the standard work 
on the subject. 

The Extremes of Marriage. Let us 

briefly observe, however, the sociological sig- 
nificance of the extremes of practice in this 
matter. The one extreme is that which the 
Roman Catholic Church illustrates, the non- 
recognition of all divorce. At the other extreme, 
disgracefully illustrated in some parts of America 
to-day, we have a facility of divorce ho great 
that marriage really ceases to be marriage at 
all. It is, indeed, no better than “ lea'-iehold 
marriage.” into which the parties may enter 
Avith a mutual understanding that it is to be ter- 
minated at their convenience. Such marriages, 
it is truef are very frequently childless, and this 
fact renders them less objectionable to the 
sociologist than they would otherwise be. When* 
they arc not childless it is evident that such 
practices strike a mortal blow at the family, 
and if they were the general rule of any com- 
munity, as they are not. that community AAould 
certainly soon disappear. 

As regards the absolute denial of all divorce, 
it must be rememticred that the sociologist, 
as a sociologist, entertains an entirely different 
conception of marriage from that held by the 
tliurch. If the Church regards marriage a^* 
a sacrament of its own institution, the Church 
is clearly entitled to judge of its conditions 
It has more than this life to think of. The 
sociologist, however, is entitled to his own 
opinion upon what he conceives to be a purely 
secular and social institution, and no scientific 
sociologist Avill be found who does not admit 
the propriety both of divorce and of remarriage, 
under certain conditions. 

The Obligation of Parentage. Com- 
parative students of marriage law are sometimes 
of opinion that English divorce law is as nearly 
satisfactory as can be, though we must remember 
that it is still disfigured by injustice in its compara- 
tive treatment of the two sexes. It is unquestion- 
ably true that laws of divorce are open to abuse, 


and have at all times been more or less abused. It 
is also true that the distinction which the sociolo- 
gist draws between divorce in cases of childless 
marriage and in cases of fertile marriage would, 
perhaps, if legally recognised, tend still further 
to lower the birtn-rate. What is commonly for- 
gotten, however, by those observers who are 
not acquainted with the fundamental facts of 
biology is that the process of natural selection 
or survival of the fittest retains its automatio 
and ceaseless control over human affairs. Not 
merely is abuse of the divorce law confined to the 
few, the great mass ot the people being of a moral 
habit in these respects, but also these few who 
are cast up by each generation tend constantly 
toA^ards their own extinction. One of the con- 
ditions for the survival of any breed or stock in 
society is evidently the willingness to undertake 
the obligations of parentage under the normal 
conditions of family life. Those individuals who 
do not comply with this condition are of no 
further account to the sociologist after their 
individual lives are ended, and ho is the less 
likely to waste his time in useless reprobation of 
them if he remembers that their faults provide 
their own doom, and that, though persons of such 
a kind have always been produced in all genera- 
tions and in all civilisations, they are not capable 
of arresting the progress of the race. This is yet 
another instance of the beneficent working of that 
law of the survival of the fittest which, in many 
of its applications, seems at first sight to be cruel 
and maleficent. 

Marriage ia a Means, not an End. We 

have again and again insisted that our interest 
in marriage is in marriage as a means and not as 
an end. Thus wo have found the ultimate sanc- 
tion for the form of marriage practised among 
ourselves in the fact that it provides the condi- 
tions for the ideal family. Now, it is the profound 
conviction of the sociologist that the poets and 
the moralists are right in teaching that family 
life is the first condition for the welfare of any 
society, and we must discuss this question all 
the more closely and completely because of 
the tendency, extremely conspicuous among 
ourselves, towards the disintegration of the family. 

Sir Henry Maine, a famous pioneer of historical 
sociology, laid down the generalisation that 
“ the unit of an ancient society was the family, 
and of a modem society is the individual.” It 
is a definite tendency of cirilisation, as it becomes 
more complex, to supersede family relations in 
large measure by external relations, which often 
take the form, for instance, of direct relations to 
the State. Not only the complexity of social 
relations in our OAvn time, but many other causes 
tend towards the weakening of the family 
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organism. Conspioaous among these is our 
modem facility of locomotion. Yet another is 
the radically vicious custom of married women’s 
labour. Another, in such a country as Germany, 
is conscription ; and yet another in all civilis^ 
countries is the interference of the State in 
education. To these questions we must return, 
but first of all let us consider the historical reason 
why the individual rather than the family has 
come to be the unit of modem society. 

War ia the Enemy of the Family. A 
fundamental truth, the consequences of which 
are amazingly forgotten by some, is that there are 
more human beings on this planet to-day than 
there ever were at any period in the past, and 
there \^ill be still more to-morrow. This great fact 
of the constant multiplication of man has to be 
reckoned with as perhaps the most potent 
force ill history. If, then, we turn our eyes back 
to a time when societies were small in proportion 
to the land which they occupied, and when each 
society was complete in itself — a period this 
which is all but prehistoric, though, of course, 
there are more recent exceptional instances of 
such a state — ^wo shall realise what the struggle 
between societies involved for family life. Time 
was when the son’s duty to his father and mother 
nm his duty to his society. In obeying them, in 
learn ii % his father’s trade, and in at last sup- 
porting his aged parents, he was doing his duty 
to his society as a whole. There was no conflict of 
duty. But there began as a general phenomenon 
of human life the history of that appalling thing 
which we call war, which we must afterwards 
study. It is not, at present, our business to ask 
whether war was or was not inevitable at a certain 
stage in human history ; whether it has not even 
played a part in progress. Here we are con- 
cerned merely to observe that when the state 
of struggle between societies came to be a normal 
condition of human life, constantly and every- 
where, a great blow was struck at the ancient 
conception of the family. 

Militarism is on its Last Legs. In 
the first place, there came to be a still more 
disproportionate appraisement of the relative 
worth of the two sexes. The little girl-baby 
could only grow up to be a weak woman, 
but the little boy- baby would grow up to 
b(- a soldier. In the second place, there came 
to be a conflict of duty. Family life might 
demand of a son that he should work for his 
father or help to support his aged mother, but 
the State demanded that he should go forth to 
tight. In countries where there is conscription 
the same opposition still manifests itself — con- 
scription, of course, being nothing more than a 
modern survival from past times, when every 
able-bodied man was of chief interest to the 
State because he was capable of being made into 
a soldier. Thus wd may lay down the general 
proposition that militarism and family life are 
eternally opposed, and that the modern disintegra- 
tion of the family has chiefly depended upon the de- 
velopment of military struggle between societies ; 
this, in turn, being mainly dependent upon the 
fundamental fact of the ceaseless’ multiplication 
of man. Militarism, however, despite War-lords 
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and Jingoes, is on its last legs>~^ fact which 
the biologist explains in his own language, as 
we shall see. The straggle between societies per- 
sists, as does straggle between individuals, but 
just as this latter is no longer a struggle of muscle 
against muscle but of mind against mind, so also 
the physical struggle called war is becoming ex- 
ceptional, while the main field of battle has been 
transferr^ to the psychical plane. Thus the chief 
historical foe of the family life is nearing its end. 

But the reader will ask whether the subordina- 
tion of the family interest to the State, as classi- 
(*ally illustrated by the Spartan mother, who 
sent her son to battle telling him to return with 
his shield or upon it, has not justified itself by its 
results; whether, indeed, the subordination of 
the family is not, as some tell us, the sign of a 
progressive society ? 

Where is Sparta Now ? But to this, 
in the opinion of the writer at any rate, a 
complete answer is possible. The reader must 
judge of its value for himself. We have already 
conceived of history as a series of great socio- 
logical experiments, and now we must ask our- 
selves whether these experiments with the family 
lead to any positive conclusions. The answer is 
that they do — for where is Sparta now ? Where 
are the purely military nations ? They cannot 
answer to their names, for they are no more. 
They sacrificed the fundamental social institution 
in the supposed interests of society, and the sacri- 
fice involved the ultimate destruction of the 
society. The purely military nations have a brief 
iccord of success, and then their history is a 
jiermanent blank. So long as the capital of 
strength and virtue, which spring from family life, 
was not exhausted, these nations were successful, 
but permanent failure thereafter was the price 
they paid. On the other hand, there is ^e salient 
instance which proves up to the hin:, in our 
judgment, that the great social institution for 
Tihich we have the warrant of biology must 
necessarily be upheld by any race that >\ould 
achieve permanence. 

The Secret of the Jews. There is perhaps 
only one such race in the whole of human history. 
Tne modem Greeks, as physical anthropology has 
shown, are the descendants of the ancient Greeks 
only in name. The same is true of the modern 
Egyptians and the modern Romans. One race, 
however, has persisted — and this despite a 
measure of continuous and extreme discourage- 
ment and persecution and repression to which 
history offers no parallel. ExiM from their native 
land ; subject to continual massacre ; scattered 
broadcast over the whole face of Europe ; the 
object of repressive legislation for 2,000 years ; 
compelled to live in insanitary cities, so that 
they have not had the advant^e of recruits of 
peasant blood and peasant vigour ; never distin- 
guished in the arts m war — the Jews have never- 
theless presented the unique phenomenon of a 
continuous history such as no other race has 
been able to achieve, even without the appalling 
disadvantages under which they have laboured. 

IVhere are we to find the explanation of this 
fact ? It is amongst Ihe Jews that we find 
the ideal of family life, and this it is which has 



their unconquerable strength. In the 
place, they have a very Wgh birth-rate, 
^childfen being regarded as blessings from God. 

high birth-rate they have always main- 
tained ; it makes for the production of that 
kind of family which the sociologist, always 
rememberi^ that human nature is his key, 
regards with the gi^atest satisfaction — the 
younger children learning certain lessons from 
the older ones and the older children learning 
certain lessons by their contact with and duties 
to the younger ones. 

The High Ideal of Parentage. Now, it 
is the rule that a high birth-rate is accompanied 
by a high infant mortality, but to this rule 
the Jews, like the present day Irish, have always 
offered an exception. This in both cases is directly 
due to the high ideal of parentage. The Jewish 
or Irish mother who will not nurse her own 
children, though she can, is practically unknown. 
After this early period the care of the children 
is maintained. Thus, comparative study of 
the Jei^ish and Gentile children, in the schools 
of Leeds, by Br. William Hall, has lately proved 
that at all ages the Jewish children of both 
sexes have a very great advantage in height, in 
weight, and m physique, the difference being 
very similar to the difference between board- 
school boys and public -school boys of similar 
ages. But the explanation is not exactly the 
same, for the board-school boy profits not by 
any high ideal of the family in the class to which 
he belongs, but in virtue of his parents’ means ; 
whereas the Jewish children, despite their 
parents’ poverty, profit by the assiauous care 
and self-sacrifice displayed by them. Just 
as a drunken Jew is practically unknown, so 
there is nothing among the poor Jewish families 
in any part of Europe which corresponds at all 
with the fact that one-sixth of the income oi 
the working-class family in this country is spent 
upon alcohol We submit, then, as a lesson of 
history, that the sociological value of the 
family as the necessary unit of any stable 
society or race is demonstrated in the amazing 
case of the Jews. 

Science and the Fifth Command- 
ment. It must be remembered that, for 
the sociologist, the family has two aspects 
of value. The first, and the most important, 
is that which is concerned with the up- 
bringing of the children ; but the other is 
expressed in the commandment, pf such pro- 
found sociological importance, which the Jews 
have obeyed smce it was given to them, “ Honour 
thy Father and thy Mother.” This, as has been 
said, is the “ first commandment with promise,” 
and the essence of the promise has been fulfilled. 
Part of the ideal of the family is that the parents, 
in their declining years, shall be supported by 
the children for whom, in time past, they have 
made so many sacrifices. This certainly is an 
arrangement to which we see no parallel in the 
case of sub-human nature, but it is as certainly 
part of the ideal of the human family, and 
makes very greatly for the stability and security 
of any society. We can hardly say that any 
one was ever encouraged to parentage by the 
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thought that his children would &fterwBrd8 
become the staff of his old age, though it is 
an interesting fact that this argument has quite 
lately been employed by those who are alarmed 
at the declining birth-rate in this country. 
The neglect to obey this ancient command- 
ment, gravely threatening as it does the ideal 
of the family, is of the greatest concern to the 
philosophic sociologist. Probably there is no 
other commandment so generally neglected by 
the mass of people at the present day. 

The State and Filial Responsibility. 
Herbert Spencer regarded the care of the aged 
by the >oung, who owe them so much, as the 
most conspicuous instance in which our practical 
morality needs mending. The recent scientific 
study to which, as we have seen, social reformer^ 
are nowadays lending themselves, lias thrown an 
extremely sinister light upon this very question 
We are coming to see that under our modern 
social arrangements we are doing our utmo*?! 
to diminish and destroy that sense of filial 
responsibility which is as valuable a social force 
to-aay, even in our complex state of soi‘iety, 
as it was at the foot of Sinai more tlian three 
thousand years ago. One or two contemporaiy' 
facts bearing upon this point may be cited. 

Many observers have lately shown that among 
the gravest defects of our system ot outdooi 
relief, for which the responsible and valuable 
members of the community have to pay, is 
its encouragement of filial irresponsibility A 
scandalous proportion of the whole sum spent 
upon outdoor relief is devoted to the main- 
tenance of elderly persons who have children 
living and able to support them, but unwilling 
to do so. The legislaior must r(*ckon with 
human nature, and human nature being what 
it is, we cannot be surprised that a very large 
proportion of men, forgetiul of the benefits 
they have received, will refrain from supporting 
their parents when they know tluit the State 
will do this for them. 

A Lesson for England from Japan. 

A similar theoretical objection applies to any 
hasty and ill-considered scheme of old-age 
pensions. In considering such a scheme it 
is at least ngJii that we should steadfastly hold 
before our minds the idexd — which unquestion- 
ably is that m the case of aged persons who liave 
living children able to support them, the support 
should come from that source. And the further 
question must be asked, whether we are not 
weakening the sense of filial responsibility, and 
therefore complicating the problem of the 
aged, by all such measures as weaken parental 
responsibility, causing children to be cared for 
by others than their parents, and therefore 
diminishing those feelings of filial gratitude 
to which, in an ideal world, the aged parent 
would not have to look in vain? 

In Japaiu«d in some other parts of the world, 
the ancient fear and worship of the spirits of the 
departed has gradually developed, as students of 
religion tell us, into a form of ancestor-worship 
that has many beautiful and mora 1 features. Now, 
wherever we find such ancestor- worship we have 
to recognise its value for family life. It leads 
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to an extremely healthy reverence for the aged, 
and especially for parents. Practical proof of 
this is easily forthcoming. The ^pulation of 
Japan is much larger than that of Great Britain, 
but in that countiy there are yearly relieved 
only 30,000 paupers, as against veiy nearly a 
miuion amongst ourselves. But in Japan the 
young man puts aside, from his first wage-earning 
da 3 r 8 , a small sum towards the future support 
of his aged parents. In a land of ancestor- 
worshippers this is recognised as the very first 
duty of every decent son, and the statistics of 
pauperism show the consequence. It was not 
of Japan but Great Britain that Herbert Spencer 
spoke when he said : 

“The last to show itself, among the bonds 
which hold the family together — ^the care of 
parents by offspring — is the one which has most 
room for increase. With the strengthening of 
intellectual and moral sympathy, the latter days 
of fife will be smoothed by a greater filial care, 
reciprocating the greater parental care bestowed 
in earlier life.” 

The Cradle of all the Viriuea. That 
the phrase parental responsibility corresponds to 
a great reality no biologist or sociologist can 
question ; but, unfortunately, it has been so 
greatly abused in recent times that it would 
almost be well if some new term could be invented. 
The value of parental responsibility has been 
quoted again and again by a certain school of 
thinkers as a sufficient reason for permitting 
children to starve. The argument apparently 
is that we are to punish and reform the careless 
parent in the hapless body of his child, though it 
would appear a reasonable argument that, just 
because he is a careless parent, this method is 
not likely to reform him. Tliere is no socio- 
logical warrant for the argument that it is worth 
the while of any society to injure the rising 
generation in order to uphold the doctrine of 
parental responsibility. Unfortunately, it is 
arguments such as these that have cast the whole 
conception into discredit, and therewith the 
true conception of the family. Thus it is possible 
for the Countess of Warwick to refer to tfiis 
conception as “ some malignant eighteenth 
century theory.” and to speak of “ the fetish of 
parental respouMbility,” so that the truth which 
the phrase expresses has become discredited. 

It is well, then, for us to realise that the family 
and the home necessarily depend for their integ- 
rity upon the realisation ot the idea for which 
this phrase stands. No one would dare speak 
of “ the fetish of the home ” ; the good sense of 
the people ^^ould not tolerate such a phrase. In 
serious argument with serious and intelligent 
people it is always possible to obtain a full and 
free admission of a plea for the family and home 
life as the cradle of all the social virtues and of 
worthy character. 

Why the WelUto-do Clasees are Dis- 
appearing. Once this is admitted, it does 
not require much reflection for anyone to 
see that the idea of parental responsibility is 
inextricably involved in any true conception 
of the family. Postponing for the moment that 
part of our argument in which finance is involved, 

4066 


and which therefore arouses our uniscientlfio 
passions, let us first of all consider this question 
of parental responsibility as it praoticadly affects 
the well-to-do classes. We shall fii^ that there 
exist, and have long been patronised, various 
means by which the family and the home may 
be weakened and parental responsibility ignored, 
even in these clas^ of society. We may, or we 
may not, according to our judgment, correlate 
these facts with another fact of the most serious 
kind to every sociologist — ^namely, that society 
is an organism which recruits itself from below. 
The well-to-do classes constantly tend towards 
extinction, and are kept in existence only by 
constant reinforcement from the classes beneath 
them. This may or may not be a general law 
of all societies ; it probably is. If, however, 
we believe in heredity, we cannot but deplore 
the working of any law which seems to select 
the fittest and most capable, the most original, 
industrious, and intelligent from the mass of the 
community and, after making them into a special 
class, loads to the extmetion of the valuable 
stocks which they represent. 

Neither the psychologist, the sociologist, nor 
the educationist can regard with satisfaction the 
institution which is known as the boarding 
school. It is, of course, an obvious necessity, 
though in the nature of a lost resort, for 
orphans, children whose parents are compelled 
to live abroad, and those whose parents are them- 
selves ignorant and undisciplined, and therefore 
incapable of teaching or training their children. 

A Grave Indictment of the Boarding 
School. But in controversion of the general 
assumption that a boarding school is the proper 
place for all boys and girls whose parents have 
sufficient means we may quote two authoritative 
and recent opinions. The first is that of one of 
the greatest living students of the mind, in health 
and disease — Dr. T. S. Clouston, of Edinburgh : 

“ Unquestionably the ideal mode of education 
fpr both sexes, were all parents wise and firm and 
intelligent, and had they plenty of time and 
opportunity to devote to their children’s up- 
bringing, would be home life with day-school 
teaching. No one will convince me that the 
accumulated wisdom which the parents have 
acquired, and the family ties and amenities of 
home lift' are not the best educative influences. 
I have no doubt whatever that the general 
intelligence of the educated classes in England 
has suffered jjreatly through so many of its boys 
and girls having lived a monastic life away from 
home for most of their time. It is always to me 
pathetic to consider the way in which the boys 
at Rugby were influenced so much for good by 
Dr, Arnold, when I think that hundreds of those 
boys must have had parents at home almost 
as wise as Dr, Arnold, quite as good in the 
example of their lives, and far more interested 
in them. Education plus affection exhibited in 
daily life must surely be a better thin^ than 
education minus affection and minus mtense 
personal interest. The widely held assumption 
of English parents that their duty has ceased, and 
that of the schoolmaster begins, when their 
children reach eight or nine years of age seems 
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to me an esaentially selfish notion. It implies 
an iii^»emp]ete oonoeption of fatherhood and 
Motherhood.” (“The Hygiene of Mind,” 
Methu^ 1906.) 

Artificial Societies. More serious still, 
perhaps, because of the peouHar position of 
the author, is the following quotation in which 
Dr. Gray, thp headmaster of Bradfield College, 
briefly and unanswerably condemns — though 
he remains himself quite unaware of the 
condemnation — the essential facts of boarding 
schools. “ It must be remembered,” he says : 

“ (1) That we have to deal with a society of 
immature minds and plastic morality ; 

“ (2) That this society is artificially consti- 
tuted — ^that is, it does not proceed on the lines 
of family relations, which Nature intended should 
be followed throughout life, but is isolated and 
‘ monastic.’ 

“ Here, then, at the most critical stage of a 
boy’s life, at a time when, along with violent 
physical changes, the character is bei^ formed 
with at least equally startling rapidity, when 
reason is often comparatively weat, and senti- 
ment and emotion are e-lways strong, a boy is 
taken away from the formative influences of the 
other aex, from the mother and sister, and thrust 
into a community composed of one sex only, 
where all do the same things, think the same 
thoughts, and talk round the same confined 
circle of subjects.” (“ Hibbert Journal.” July, 
1906.) 

Unfortunately, a much graver indictment 
even than anything contained in the above 
quotation may be made against boarding 
schools, but that is not strictly relevant to 
sociology. It is worth briefly noting, however, 
that one of the cardinal objections to the 
boarding school, the unnatural isolation of the 
sexes, is removed by the practice of co-educa- 
tion, which, though it still seems startling and 
dangerous to us, has been found highly success- 
ful wherever it is practised, as, for instance, in 
the United States. 

A Fatal Blow at Family Life. The 

decadence of parenthood, both of maternity 
and paternity, which is so conspicuous in the 
upper classes and cyf which their vanishing 
biith-rate is the most fatal indication, remainea 
of relatively small in^jijprtance so long as family 
life throve unvitiated in the most vital part of 
society — in those classes whose birth-rate is 
high, and from which the “ higher ” classes are 
ever reinforced. Fundamentally bad though 
the boarding school system may be, at least 
its influence was confined to a relatively small 
section of society. But there now arises the 
question whether something like the same 
system is not threatening to introduce itself 
even amongst the masses of the people — from 
whom the next generation mainly springs. 
Now, the pivot of family life is the mother, and 
though we must leave to a subsequent chapter 
the systematic consideration of the place and 
function of woman in society, we must here 
consider the woman as mother in her relation 


to the family. It is certain that the employment 
of a Wife and mother in a factory strikes a fatal 
blow at family life, and from the point of view 
of any sound sociology is a fundamentally vicious 
practice. We are not here concerned with its 
financial aspects, though it is worth while to 
note, in passing, that the combined wages of 
husband and wife in such oases are very 
frequently found to be no greater them those of 
the husband alone in oases where the wife con- 
fines her activities to the supremely important 
work which she alone can perform. 

The Deatruction of Childhood. Quite 
apart from this question, we have to consider 
the effect upon society of this blow at the 
family. The results are best expressed in terms 
of the infantile mortality. 

Wlien w e make inquiry into the condition of 
those towns, such as Burnley, Preston, and 
Blackburn, which show the highest infant 
mortality, we find that these are the very 
towns in which the percentage of women who 
work outside their homes is highest. Dr. Newman 
has gone most exhaustively into this matter, 
and has proved this up to the hilt. He says, 
“ Broadly it is true that to whatever town or 
district we turn the same general conclusion 
is inevitable — nz., that where there is very 
much occupation of women away from home 
there will be found, as a rule, a high infant 
death-rate.” His chapter on the Occupation of 
Women in his recent book on Infant Mortality 
constitutes as serious and as painful reading as 
is to be found anywhere. 

The Supremacy of Motherhood. We 

have chosen the infant mortality as the most 
expressive index of the injurv to the family, 
and therefore to society at large, caused by 
married w omen’s work. We cannot here discuss 
the larger question of the effects upon the female 
organism m general, upon its supreme functions, 
and therefore upon society, of physical labour 
such as men can undertake. But it is possible 
to say, without the smallest qualification, and 
in the earnest desire to emphasise the gravity 
of the proposition, that the factory emphyment 
of married women is an outrage against Nature, 
an outrage against children, an outrage against 
the family ; and that no industry or apparent 
prosperity which depends upon it is worth 
while, in time to come it will be regarded as 
a mark of the shameful social state of our age, 
and of the wicked carelessness with which it 
defied the lawns of Nature, that wives and 
mothers should be employed as beasts of burden, 
doing the work which a man or a horse or a 
dynamo can do, while their children were 
allowed to die at home. It is the lesson of history 
that blasphemy against motherhood is, for 
societies, the unpardonable sin, and never 
were there any truer and worthier words spoken 
by any statwman in the whole of the past 
than those which Mr. John Bums addressed to 
the Infant Mortality Conference last May : 
“ We must glorify, dipify, and purify mother- 
hood by every means in our power.” 
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The Quadruplex. We hare dealt with 
the duplex system, in which two messages can be 
sent in opposite Erections at the same time, 
^ere is another system called the diplex, in 
which two messages can be sent simultaneously 
on one wire in the same direction. It is rarely 
used, but is sometimes installed when all the 
traffic between two stations is in one direc- 
tion. Duplex and diplex hare been combined 
in the quadruple! [18], by means of which two 
messages in each direction can be simultaneously 
telegraphed. 

Balancing a Quadruplex. So far 

as the operating is concerned, the quad^ os it is 
called, corresponds to two duplex circuits, one 
of which is called the A side, and the other the 
B side. 

The principle will be dealt with in another 
section, but, ^ in the case of the duplex, it is 
possible lO gire instructions for balancing and 
adjusting. T^e procedure is as follows. The 
controlling office requests the down station to 
“ earth.’* For this purpose a two-way switch is 
prorid^ at each station, which, on being turned 
to the right, cuts out the batteries, substituting 
a resistance coil. The balancing of tlie circuit 
is now proceeded with on the same lines as in the 
case of ^e duplex, using the A side key with B 
key held down, and adjusting both rheostat and 
condenser until the needle of the galvanometer 
remains steady at zero, and no false marks are 
received. 

If necessary, the homo station apparatus 
and batteries may now be proved by with- 
drawing the 4,000-ohm plug. This w ill cause 
the galvanometer to deflect to the left. Now 
press the A side key. This should reverse the 
^flection on the galvanometer, and register a 
B^aJ, on the A sounder. Depress the B side key. 
The galvanometer deflection will increase, and a 
signal will be registered on the B sounder. Now 
send on the A key. Corresponding reversals 
should be observed on the galvanometer and 
signals on the A sounder. There sliould bo no 
clicking on the B sounder, which is being held 
down by the continuous depression of the B key. 
If clicking occurs, it can be remedied by the 
judicious adjustment of the B relay and sounder, 
usually by increasing the spacing bias on the relay 
and reducing the spring tension on the sounder. 

Now send on the B key only. The left de- 
flection of the galvanometer will be increa^^icd 
by each depression of the lever, and correspond- 
ing signalfl will be heard from the B sounder. 
Finally, work both A and B keys, and observe 
■j crn^la on the related receiving instruments 
Se 4,000-ohm plug should now replaced, and 
the distant station told to cut in.'’ He will 
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return the two-way switch to the left, and his 
action will be indicated by the immediate appear- 
ance on the up-station galvanometer of a “ left *’ 
deflection, due to his “ spacing ’* current. 

The up station will now “ earth,** to allow the 
down statiem to balance. After balancing it is 
good practice for the stations to take readings 
from the galvanometers of each other's currents, 
to ensure that the respective A currents and B 
currents correspond in value, and that the right 
proportion between A and B exists. 

Standard Practice. The standard pro- 
cedme is as follows: Observe the “spacing’' 
deflection at normal. Ask the distant station to 
close A key (the abbreviation C A is used). 
Take a note of the galvanometer deflection, 
which should correspond with the spacing 
deflection. Now say C B *’ (close B key). Take 
the reading of his increased, or B, current, 
and say “ R A ** (release A). Observe reversal 
of big current, and then say “ B B ” (release B), 
which completes the process for one station. 
It must then be repeated in the opposite direction, 
and the results compared. 

These instructions have been written as 
applving to an increment quadruplex, in which 
the depression of the B key increases the current. 
By re^ng “ decrease ’* for “ increase ** through- 
out they apply equally well to a decrement 
quadi’uplex, in which the B key decreases instead 
of increasing the current. 

Faults due to “ earth ” on lino and “ dis- 
connections ” affect the quadruplex in the same 
way as the duplex. The former is, however, 
much more sensitive. A steady partial earth, 
through which a duplex would work, will 
often make “ quad ” working immacticable. 
The leakage has the effect of reducing the 
difference between the A and B currents, so that 
the B relay fails to resend. Duplex working 
on the A side is resorted to. On “ increment ” 
sets, if the fault is very pronounced, the whole 
battery is brou^t into play by permanently 
depressing the B key at each end. 

Newa Distribution. It is fortunate, 
in a sense, for the telegraphic administration 
that the messages on short suburban and local 
lines are usually of a v&cy simple character. 
They are an admirable training ground for the 
novice, who probably has no special difficulty, 
unless it is in deciphering the betting messages 
vhich unhappily bulk so largely in our telegraph 
traffic. He must, however, be well advanced in 
his novitiate before he is allowed to take part 
in the news work, to which we now turn our 
attention. 

The methods adopted to dealing with new* 
are entirely different to those employed in 
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ordinary public message \\ork, and this is due to 
cau8^ 'raich are somewhat interesting. 

Pres* Ratea« The predominating cause 
is the system of charges, or rates, applied to 
news telegrams. The ordinary day rate is one 
shilling for 75 words ; this applies between 
6 a.m. and 6 p.m. In order to provide induce- 
ment for news telegrams to be sent at night, 
when the wires are free from commercial work, 
the 6 p.m. to 6 a.m. rate is 100 words for one 
shilling. Second and subsequent copies of the 
same telegram are delivered to additional 
addresses in any town at a charge of twopence 
per additional address. The italicised words 
have had a wonderful effect in reducing the 
cost of Press telegrams and in concentrating 
the distribution of news into the hands of a few 
powerful organisations. This -will be better un- 
derstood if 
we take a 
case and 
consider it. 

Let us 
suppose a 
Press mes- 
sage con- 
taining a 
text of 100 
words is 
handed in 
for trans- 
mission to 
100 news- 
papers. We 
will sup- 
pose each 
add r e s 8 
cons i St 8 

of three words. The cost will be calculated thus ; 

Text 100 words, and addresses, say, 

300 words ; total, 400 words 

at Is 0 4 0 

99 additional copies at 2d 0 16 6 


Total cost . . ..£106 


Now, if we divide this total cost of 20s. 6d. 
by the number of newspapers, we find that 
the average cost of transmitting and delivering 
the message of 100 words to each newspaper 
IS 2*46d or under 2^. 

News Agencies. The^our principal Press 
agencies are the Press Association, Central 
News, Exchange Telegraph Company, and Ivan 
(Ashley & Smith). 

The first three deal with all classes of news, 
the last-mentioned deals only with sporting 
reports. 

News Wires. London is, of course, the 
natural centre of news distribution, and on the 
accompanying map [14] is shown the fourteen 
principal news distribution circuits radiatmg 
from the metropolis. Altogether 33 cities 
and towms have permanent news wires, while 
13 of .these — ^namely, Aberdeen, Birmingham, 
Bradford, Dundee, E^burgh, Exeter, Glasgow, 
Leeds, Liverpool, Manchester, Newcastle, 
Nottingham and Sheffield have tw^o wires each. 


These are the normal circuits, but it is, of 
course',' frequently* necessary to supplemeitt 
these at night by making up additionid oirouits 
from wires which during the day have been 
used for commercial work, and during par- 
, liameiltary sessions the number reaches 45. 
One effect of the multiple address rate is vidble 
in the fact that the circuits are of the omnibus 
kind, several towns being grouped on one wire. 
The apparatus used is the wonderful Wheatstone 
automatic system. It is specially well adapted 
to the peculiar conditions. 

As the traffic is all in one direction the trans- 
mitters are at the London end. while the out^ 
stations are provided with receivers. Keys 
and sounders are included at all stations to 
provide for communication between the opera- 
tors. The perforators at London are specifiJUly 
arranged so that by using pneumatic 
power several slips can be prepared 
simultaneously and with less 
labour on the part of the operator 
than the ordinary mechanical 
perforator demands. 

A News Message. Now^ 

let us take the simplest case. 

S u p p o s 0 
that a 
Pressman 
hands in a 
d e s p a t ch 
contain- 
ing, say, 60 
words, ad- 
dressed to 
a provmcial 
newspaper. 
The charge 

will be one shilling. It will bo pent by pneumatic 
tube to the news division, recorded by a news 
distributor and passed to a puncher. He will 
proceed to prepare a slip beginning with the 
prefix (which will bo “8 P”), code, name of 
sender, “Address to,” and then follown the 
texts. 

In the text abbreviations are used freely. 
Indeed, this applies throughout to news messages 
and to the Pressmen ao well as the telegraphistM. 
On completion the perforated slip and the 
message sheet are handed to the key clerk. He 
calls up the distant office by signalling its code 
three times and adding T S, the code of Ihe 
London office. Without waiting for a response 
he switches on the transmitter, inserts the slip 
under the wheel and allows it to run through 
This done, the transmitter is switched off, the 
signal ...... sent by hand, and the reception 

acknowledged by the outstation clerk, mIio 
signal * the code of his office, followed by . . 

CiassiHed News. Between the four Press 
agencies already referred to and the depart- 
ment closer relations have been established than 
ordinarily obtains, and as a result a system of 
classifying hews has been instituted, which 
considerably simplifies matters for all con- 
cerned. One in^^tance will typify the general 
lines. 
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Now let 08 follow the course of one 


of these deq[»atohe 8 . It reaches the news 
diviaioii by tabs in a special envelope 
with space for initials, so that its pro* 
gross from point to point may be re- 
corded. It is written on flimsies, and 
there are about six copies — duplicates 
propared by the ordinary carbon process. 
The envelope is open^ by a clerk in 
the news distribution branch, who marks 
on the copies the codes of the towns 
to which they should be transmitted. 
The despatch now goes to the puncher 
who prepares the slips. It would bo 
possible to use only one slip and pass 
on in succession through all the trans- 
mitters, but this would cause delay, and, 



moreover, the slips deteriorate if used 
too mucu. It is usual to run one slip 
through two or three instruments, and the 
mariraig of the towns on the duplicates is 
arranged with this end in view. Arrived at 
the transmitter, the method is a repetition of 
what has been described for a single address, the 
only modification being the calling and the use of 
the Q” signal when all stations are required. 

At the Receiving Stations. Th^' slip is 
taken off by the key clerk and handed to one 
of his “ writers ” along with the sheets on 
which it is to be written. In front of the key 
clerk is a notice board on which the titles or 
numbers of all classified news are displayed, 
and after each a figure which indicates the 
number of copies required 

For instance, if P.A. Midday Special is to 
be delivered to three newspaper.^ the figure 
will be four, and he will hand out what is called 
a “ top four.” It is made up of four flimsies 
and two carbons. The top sheet is ruled and 
the under sheets plain. 

The writer transcribes the slip and places the 
sheets on the wire basket near him, from wlience 
it is collected by the messenger boy and con- 
veyed to the news distributor. This officer 
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also has a notice board showing the classified 
nows, but in tliis case it gives the names of the 
addressees and so enables him to select tlie 
proper printed envelopes and send the news to 
the delivery department for the messenger 
or to the newspaper by pneumatic tube, as the 
case may be. 

Long Messages. In every case where a 
news message is longer than one sheet it is 
paged and signalled as page one, page two, 
etc, and m the course of transmission it is 
split up and no order is observed at any inter- 
mediate point between the news distributors 
in London and the news distributors at the 
provincial offices. On the former devolves the 
duty of marking the pages so that the latter 
will be enabled to piece together the fragments. 
T^en this has been done the coinplete despatch, 
or some complete portion of it, is issued to the 
addressee. In the case of long sp^ches the 
despatch is divided into lettered sections, each 
section containing anything up to ten or a 
dozen pages, but in every case the parts are 
assembled by the provincial news distributor 
and put in regular order for delivery. 
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The FREE-LANCE in JOURNALISM 

A C«t«er for Conrage. The Temptation of London. How to 

Read the Papers. Editma and Contributors. Why Articles Come Back 



By ARTHUR MEE 


'THE man who suooeeds in journalism as a free- 
^ lanoe holds one of the most enviable posi- 
tions in the world. He is tied to neither time nor 
plaoe. He can work where he wiU, when he will, 
as he will. If he lays his plans well, and^rganises 
his life well, he tnay live an almost ideal life. 
He has the happiest position in journalism. 
Others may prefer to be editors, with all the 
anxiety and potentiality for sleepless nights that 
editing brings, but the free-lance has the success 
of journalism without its worries, its influence 
without its penalties. For the ideal journalist 
the freedom of the free-lance is the ideal life. 

Always at ilia Beat. We have made 
up our minds what the ideal journalist should 
be, and the free-lance must have his qualities 
in ample abundance. There are some qualities 
that are specially his. He lives a life of great 
intensity, which will admit of no dissipation 
of energy, which insists upon method, regu- 
larity, punctuality, and application There is 
no severer test of a good journalist than six 
months as a free-lance, and no man who is a 
bad journalist survive^ the test. 

The successful free-lance is invariably a good 
journalist, because his success is the result of 
the work of his brain, and is not due to any of 
the varied circumstances that may keep a 
merely mechanical journalist in regular employ- 
ment inside a newspaper office. The free-lance 
has a barometer for testing the quality of his 
w’orit which never fails him. His income 


it. The man who holds his work by the quality 
of it need not trouble greatly about resting from it. 
Yet this is one of tne chief perils of free-lance 
journalism. To take a holiday means to be for 
the time writhout an income, and, even when the 
normal income is great enough to allow it, this 
course is not easy to contemplate. But it is one 
of the first things that a man must be prepared 
to do when he sets out upon a career in which 
freedom can only be enjoyed at freedom’s price. 

Chief, perhaps, of all the practical essentials 
to success as a free-lance is method. The free- 
lance journalist must be prepared to write about 
anything at any time, and only method can make 
this possible. This subject, however, is con- 
sidered fully in the final article in this course, on 
the Journalist’s System. We need only discuss 
now some of the more obvious ways and means 
by which the free-lance may establish himself. 

An Intimate Knowledge of Papers. 
The first thing that he should do is to make 
himself familiar with the papers for which he 
wants to write. It is amazing how often this 
essential condition, surely the simplest and most 
obvious thing in the world, is disregarded. A 
man who thought a great deal more of himself 
than his capacity justified called upon an editor 
the other day for an introduction to another 
editor. “ I used to see his paper fourteen years 
ago,” said this remarkable young man, '' but 1 
have not seen it of late years, and I should like to 
write for it.” “ Then the best introduction 1 


depends entirely upon his keeping up to the mark, 
and the freedom which he has given himself in his 
career is a discipline which must be constantly 
making him a better man and a better work- 
man. He can never say to himself with impunity, 
as, perhaps, the regular journalist can, that 
he will not take much trouble with this, or will 
quickly dispose of that, or will neglect the other 
altogether. Such things spell ruin for him. The 
free-lance journalist must be always at his best. 

A Rjire Courage. And, because of 
this, he must have a courage that is one 
of the rarest things in the world — the courage 
to cut off his income at any moment. He 
will find that the strain is at times greater than 
he can bear, and there is only one penalty, 
as tragic as it is sure, for the man who neglects 
the warning that Nature always gives in time. 
No man should rely upon a free life as a journa- 
list who is not prepared to face the risk of having 
to stop his income for a week or a month or a 
longer period at the bidding of a master who 
cannot be disobeyed Let us go further, and 
say that no man should rely upon a free life as a 
journalist who cannot establish himself upon 
a foundation so strong that he can lay aside his 
work for a time without running the risk of losing 


can give you is to the nearest bookstall,” said the 
editor : and he was perfectly right. It is im- 
pertinent to expect to contribute articles to a 
paper with which one is not familiar, and the 
free-lance would do well to make up his mind 
for which papers he would like to work. He 
will find the field wide and varied, and open on 
every hand ; and he will find that there is no 
safe guide through any part of it except his own 
ability and the experience of those who have 
been that way. 

It is assumed in this course that what is wanted 
is to know how to begin at the bottom rather 
than what to do at the top, and no attempt is 
made here to help the journalist who knows his 
business. And, assuming that our journalist 
is a beginner in free-lance journalism, all that is 
attempted here is to help him to set his feet 
firmly on this broad highway. Two things 
should be said. Unless he has hod newspaper 
experience, a young man would be unwise 
to depend upon free-lance journalism for his 
bread-and-butter ; and even with a newspaper 
training the journalist may make the most 
serious mistake of his life by leaving a sure 
and steady post in a provincial town for a. 
less steady but more brilliant post in London. 
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Those who have read this course so far have not 
found in it any great sympathy with the timidity 
which holds men back on the verge of great 
opportunities, but it is well to utter a warning 
to those journalists who, succeeding weU on a 
quiet provincial paper, imagine that all they 
have to do to distinguish themselves and ^^in 
fortune is to take a single ticket to King’s (Jross 
and pick up gold in Fleet Street, 

The Provincial Journaliat*a Tempta- 
tion. It is the saddest of delusions, and a great 
book could be filled with tragedies that had 
no other beginning than this. It cannot be 
repeated too emphatically that the conditions 
of journalism in London are utterly different 
from the conditions outside London, and if 
it is possible to frame any piece of counsel 
l^ely to bo applicable to all journalists, at all 
times, in all circumstances, that cotmsel is never 
to give up a post in the provinces to come to 
London unless a definite post is offered ; never, 
in response to any persuasion, to let go a bird in 
hand in the provinces for two birds, or even for 
three or four birds, in a London bush. The writer 
could tell of many journalists who left provincial 
newspapers to come to London. Three occur to 
mind at the moment who came to London within 
a few years of each other from the same provincial 
town, each of whom has an income to-day greater 
than any he could have obtained in any possible 
post in ^ provinces. But each of the tWe came 
to a definite post, with no kind of risk except 
the risk common to any change. There comes 
to m i nd , on the other hand, the case of the only 
man the writer knows who came to London with- 
out a secure post. He made friendships v^ich 
brought him infiuence, but no joumaJist in 
this world has ever succeeded entirely through 
influ^ce, and his career is a failure. 

This course is not for the man who can fling 
defiance at probabilities, or for the bom journalist 
V lio needs neither help nor warning ; but the 
journalist inclined to risk coming to London 
with no other support than an empty optimism 
imd the example of somebody else will be wise 
to heed this counsel and let it give pause. 


What to Wrfte and Where to Send 

it. .^mved in London, the journalist will order 
from his newsagent an abundant stock of news- 
papers and magazines, and will consider no time 
lost that is spent in reading them. His own 
instincts will guide him to the right papers. If 
he will spend a shilling at a bookstall every 
week, keep a close eye on the magazine depart- 
ments of the halfpenny newspapers, and study 
all the London evening papers intimately, he 
will soon come to understand the kind of copy 
editors are waiting for. It would fill far too 
much space to make an adequate list of papers 
and the kind of articles they like, but there is a 
much better reason than this for not doing so. 
Ue journalist who needs such a list had better 
at once give up the attempt to earn his living as 
a f^-Janoe. He has missed the great essential. 
It IS the very irst condition of his success that, 
having written bis article, he shall know where 
to send it with the utmost probability of success. 
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He may find, however, that his difficulties 
liegin long before he comes to send in his article. 
He may be puzzled, though it is greatly to be 
hoped that he will not, by the thought, “ TOat 
shall I vTite about ? ” It is to be hoped that 
this problem will not trouble him, because there 
is no excuse for the journalist with nothing to 
•write about. It is the unpardonable sin. The true 
journalist has always more subjects than he 
can deal with, and by a process of elimination, 
makes up his mind which to use. Many consider- 
ations will influence him in making this decision, 
varying according to time and circumstance and 
the character ol the paper for which he writes 
But if he knows how to read the papers, and 
where to put his hand at once on material, he will 
find there is no famine in the Land of (lood Copy. 

Notes from a Morning Diary. Lot 
us take up the first morning paper that 
comes to our hand and see what a rich harvest 
it is to the man who has a fountain-pen, a pad 
of paper, a good library, and an alert mind. It 
has in it the potentialities of a hundred articles, 
and only a few ideas are set down here, exactly 
as they come to mind in a ten minutes’ glance 
at the paper. They are set down without any 
attempt to “ dress them up ” or “ round them 
off,” and they pretend to be nothing but what 
they actually are— the rough mental notes of a 
journalist on goii^ over a morning paper. 

Whbn a New Idea Combs into the Would, 
How a new invention or the discovery of a new 
system kills an old one ; the remarkable com- 
mercial effect of the change — suggested by a 
paragraph announcing the cancel c* Glovemment 
orders based on a superseded system. 

The Unseen Wealth or the Chxjech. An 
article on the mineral royalties on eoolesiastloal 
property— suggested by a paragraph on the 
estates of the Bishopric of Durham. 

The World’s Unbealisbd Debt to England. 

“ When England intervenes ” ; behind the 
scenes in dipomacy — suggested by a speech. 

How a Groom made £100,000. A public 
calamity which a clever man knew how to turn 
to his own good — suggested by a will. 

Immortal Nobodibs. A shoemaker who 
fooled a nation, and a host of other cases — 
suggested by the trial of “ Captain ” Koepenick. 

How Mtoy People Earn £1,000 a Year ? 
Where they ewm it, and how — suggested by 
the report of the Commission on Income Tax. 

The Hidden Perils of all Our Lives. The 
daMers we run in everyday life but rarely 
think of — suggested by the breaking of a wire 
on an electric tramway. 

A Vision op a New World. A forecast 
and a reality in the new science ; a glimpe of 
“a totally new and unexpected world” — 
suggested by a speech of Sir William Huggins. 

The Aladdiks Lamps o’f the British 
Empire. The great commercial potentialities of 
the Empire, and the way to realise them — sug- 
gested by a picturesque phrase in a speech. 

Have We Two Personalities ? The power 
in us that sleeps when we wake, and wakes when 
we sleep— suggested by a law case and a story 
of drawings made under “ influence.” 
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Do THE Rothschilds Eaen Their Income ? 
Or is it unearned increment ? — suggested by 
the Income Tax Report. 

“TniNKiNa Out” a Battleship. The in- 
credible marvels of battleships — suggested by 
the death of a man who designed battleships 
for half the navies m the world 

Rich People with no Use for Money. 
The extraordinary things they do with it — sug- 
gested by a curious story of hidden money. 

Nothing is Old Under the Sun. So. 
if we had space, we might go on, fascinated 
by the ideas that leap to us wherever we turn. 
We have glanced rapidly through one paper, 
and there are a dozen papers, all differ ctU. It 
is important to the journalist not to make the 
fatal mistake of thinking, as the public is 
apt to think, that all papers are the same. In 
their appeal to the mind no two papers arc the 
same. There may be a world of difference in 
the way in which two papers put the same thing, 
and the same thing put in mfferent ways may 
bring quite different ideas to the mind. 

Many years ago, a House of Commons gallery 
man called one ni^t at his old office in a Midland 
town, and the junior member of the staff 
manifested a keen interest in what he had to say 
about life in the House of Commons. It was 
all new to him, and the conversation opened up 
a new avenue of interest. “I will write an 
article* about it,’* he said. The older men 
lauded. ** These young men don’t know that 
all this has been done before,” said a sage sub- 
editor, who had sub-edited telegrams at the 
same ddtk for fo^ years. ” I uimerstand that 
quite well,” said'the junior reporter. ” It is all 
veiw oQmmonplaoe to von, but it is new to me, 
ana everything depends on the way it is put.” 
The sub-editor sat at his desk untO, in the fulness 
of time, he died ; the junior r^rter rapidly 
rose to be an editor in London. The junior was 
quite right. Nothing is old under the sun. One 
man’s ^owledge is another man’s news, and, 
even to the man who knows, the subject may be 
presented with all the freshness of a new outlook 
and a virgm enthusiasm. ' 

** Ewerything has been Done/* The 
population of London is six millions: how 
many articles, one wonders, are there in that 
fact ? How many books have been written out 
of it ? It is a fact that everybody knows, yet it 
is a fact that can be written about by a thousand 
men in different ways, or by pne man in a 
thousand ways, without ever wearying us or 
driving us to say ” I knew that before.” There is 
nobody so hopeless as the man who discards a 
subject merely because it has been done before.” 
If the subject had any inherent interest yesterday, 
it has the same inherent interest to-day. There 
may, of course, be a hundred reasons why it need 
not be yritten about to-day, but the fact that it 
was written about yesterday is no reason at all. 

It is the superffeiai journalist who, seizing 
upon the obvious and ignoring the deeper 
interest, gives way to the feeling that “every- 
thing has been done.” Everything has two 
interests ; every substance has its shadow ; and 
there is a journalism of shadows and a journalism 
u 


of substances. One of the cleverest journalists 
the writer knows was once in one of the most 
beautiful rooms in Europe. There is probably 
no room anywhere with a greater number of 
interests from a greater number of points of view. 
One of its interests is a diamond — a dazzling 
thing of transcendent beauty which has figured 
in the history of Europe, and is stained with the 
blood of many wars. It is an experience to have 
looked upon a thing so historic ; it is an asset in 
every journalist’s career to come in touch with 
people and places and things that have made 
or have been used in the m^ing of history. 

The Journalist’s Interest in Reali- 
ties. But it is easy to make a mistake here, and 
our clever journalist made it. He sacrificed the 
substance for the shadow. He spent all his time 
in looking at the diamond, and the thousand 
other things made no impression on his mind. 
Yet they were of equal interest, and it can hardly 
be doubted that a general impression of the room 
and its contents as a whole would have been a 
much more valuable contribution to the mind 
of the journalist than a much stronger impression 
of one thing in the room. And the journalist was 
doubly wrong, from our point of view, for he was 
interested in the diamond because there is a 
story about it, because of ah accidental circum- 
stance, and not because of anything inherent 
in the diamond itself. It would not have mattered, 
so far as the impressiosi on him was concerned, 
if the diamond had been another diamond, oi 
even A pieoe of day, since what impressed him 
was not the thing he saw, bat a story that it 
broni^t to mind; and ^e lesson m this is 
that our gain is all the greater if we m interested 
in things Ihtrinsioally rather than in things loi 
their associations’ sake. The joamallst’s wenM 
in the diamond will pass away, beoause hit lasti^* 
ing interest is not m the gem, but in a story 
about it ; and the gain to mm of his visit to the 
Louvre will pass away to that extent. Had his 
interest been excited in the diamond as a thing 
of wondrous beauty, it would have remained 
with him. As it was he left without any 
adequate impression of the vast intrinsic beauty 
of the room, its abundance of treasure, its 
wonder of craftsmanship, its amazing collection 
of things all as compelling as that little bit of 
it which he allowed to steal away all his time. 

A Sound Foundation of Knowledge. 
The example will not have been quoted in vain 
if it helps us to appreciate the vast difference 
between a thing itself and its associations. 
That does not mean, of course, that the associa- 
tions have no legitimate interest for the journalist. 
On the contrary, he is the best journalist who 
knows most of these things, who knows all the 
stories and incidents and accidents and circum- 
stances which make up the environment of all 
concrete things. The point of all that has been 
said is, not that the story is uninteresting or 
even unimportant, but that the wise journalist 
fixes his interest in the things themselves rather 
than in their associations, in things that are 
permanent rather than in incidents that pass ; 
that his knowledge is at the root rather than 
hanging on the branch. 
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If his foundation is thus sound, he can er^t 
any superstructure upon it, and the more varied 
the superstructure is the more certain his success 
as a joumahst will be. With his interest thus 
fixed in the substance, he will miss nothing that 
is interesting in the shadow, and he will find that 
the day never comes when there is nothing in 
the papers for him to write about. 

The Ideal Contributor. His subject 
found, his article .written, and his paper in 
mind, the next interest of the free-lance is 
to reach his editor. Here the simplest advice 
is far the best. He should send his article 
to the editor in the ordinary way. He need not 
bother about introductions. If he can get them 
easily so much the better, and as a means of 
reaching an editor an introduction is often useful ,* 
it sometimes sets up a connection which might 
otherwise take a long time to establish. But that 
is all that introductions can do. Nine intro- 
ductions out of ten only annoy an editor, 
and introductions have ceased to have much 
weight because they are too often used by those 
who have no merit of their own to introduce 
them. It may be taken as universally true, 
that an editor has much more esteem for 
the contributor who sends him a good article 
than for the would-be contributor whose first 
excuse for calling or writing is that he knows 
somebody who knows the editor. 

An interesting article might be written on 
how to manage an editor, but we can do no 
more here than give one or two hints. We have 
been considering all through this course ideal 
journalists and ideal papers ; let us consider for 
a moment the ideal contributor. He has behind 
him a system such as we shall come to consider 
in due course, enabling him to write on any 
subject at any time. He is always available, 
always reliable, always prompt. He does not 
worry the editor with unnecessary letters or 
ask him to wire if he accepts an article. He 
regards an editor as a gentleman, and does not 
intrude into an editor’s room, as a journalist 
Ilearing a well-known name did the other day, 
violently demanding an explanation why an 
article sent the day before had not been returned. 
He does not ask an editor to verify quotations, 
or to post an article on to another paper if his 
own paper cannot use it. He does not call himself 
“ Author and Journalist ” on his notepaper, or 
put “ M.J.I.” on his card, or address himself 
“Esq.” on his return envelopes. He does not 
write “Will you look at an article if I knock 
one up ? ” 

MS. He knows how to prepare an article. He 
uses thin paper of a regular size, easy to handle. 
He types neatly without many corrections, and 
sub-edits his manuscript with care. He belongs 
to the very, very small number of journalists 
whose copy an e^tor can send straight to the 
printers. He does not send out stained or crumpled 
manuscripts, or spend much time in explain- 
ing his talents in general or his reasons for 
writing one article in particular. He does 
not trouble much about money, and rarely asks 
an editor how much he will get for an article. 
He is in search of reputation and connection, 
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and, however poor he is, these things are more 
to him than cheques. He never refuses to do 
an article if he can help it. He never writes 
such disgraceful letters as these : 

“ Hearing that you are the editor of a new 
publication, I wish to ask if you require a writer 
to do a few columns weekly. 1 did a page of 

birthday news weekly in the (a dead paper). 

Many of my dates have only been secured by 
personal application. 1 find amusement some- 
times by printing the wrong dates and noticing 
which other birthday writers crib them and give 
themselves away. You will find it advantageous to 
retain me. I can do anecdotes about anybody.” 

“January 21st: On the 12th inst. you received 
a story from me entitled ‘When We Two Went 
Maying.’ As I have not received it back, I 
presume you are going to make use of same. Let 
me tell you that you cannot do so without first 
sending on a remuneration for same. Shall expect 
either one or the other within the course of a day 
or two. If I do not, shall put the matter before a 
solicitor. Yours sincerely, Sarah G ” 

The ideal contributor can be relied on for 
brightness and originality, for giving the editor 
as little trouble as possible, for knowing the paper 
as well as the editor himself, for sending an 
article of the right length at the right moment. 
He is not discouraged if an article comes back, 
because he has learned by experience that often 
the last reason in the world why an article is 
returned is that the article is bad. He knows that 
a good article may be returned for a dozen 
reasons. The editor may have arranged for one 
on the same lines, or may have published one 
recently which the contributor did not notice ; 
the article may clash with some other article 
that has been or is to be published ; the treat- 
ment of the particular subject may be uncon- 
genial to the editor ; the editor’s desk may be 
BO congested with manuscripts that he has no right 
to keep the article until he can consider it. Even 
ideal contributors may be disappointed tor rea- 
sons such as these, and the unideal contributor, 
of course, runs a hundred other risks of dis- 
appointment which he never seems to realise. 

Contributors who Never Contribute. 
The writer who never gets into the papers 
has generally an explanation of his own ; pro- 
bably there is a plot against him among the 
editors. But it is really not the case that all the 
editors in England are taking great pains, at 
the risk of ruining their papers, to deprive the 
reading public of the intellectual output of Mr. 
Richard Tomkins or of Miss Susannah Jones. It 
is conceivable that there are other reasons. 
Their articles are probably far too long, or they 
may be unintelligible, or written on both sides 
•f the paper, or underlined and crossed out in 
such a way that nobody can read them, or about 
things which interest nobody, or on subjects of 
which everybody is tired, or summer articles in 
winter, or winter articles in summer, or abstruse 
discussions of theology, or long exordiums on 
philosophy, or abusive articles on public men, or 
hysterical articles on private matters, or articles 
full of glaring errors, or essays as dry as dust, or 
politics opposed to the paper’s own, or articles 
with libels m every line, or attacks on the paper’s 
contemporaries, or insidious cultivating of private 
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interests, or articles likely to be mischievous 
in the money market. 

It would be possible to go on at any length 
giving reasons why papers do not publish articles. 
A glance at an editor’s “ rejected^’ box would be 
an effective lesson to amateur journalists who 
•write whenever they can instead of only when 
they must, and allow their lives to be soured by 
the disappointments they bring upon themselves. 

An Editor’s Rejected Box. Let us 

take a peep into the rejected box of the editor 
of what are probably the most coveted columns 
in English journalism. They afford a journalist 
the most powerful pulpit that he can find in 
England, and if the reader will remember this 
it will help him to understand the editor’s point 
of view in sending back the "dozen articles we 
have picked out for notice. We set out the 
authors’ headings of the articles, along with an 
explanation why they were not accepted. 

Our Dreadful Musical Likes and Dislikes. 
Not published for several reasons. 1. The style 
(lid not suit the paper. 2. The manuscript re- 
sembled a map of Europe with its mass of blots 
and corrections. 3. The article was twice as long 
as it should have been had it been twice as 
good as it was. 4. It was accompanied by this 
im])ertinent letter : “ Dear Sir, If you are not 
brave enough to use the enclosed, will you kindly 
fold it twice, returning it in the enclosed cover ? 
If it is to be used, will you please settle terms with 
me before it is put in type ? 

Behind the Walls of a Lunatic Asylum. 
Tlie writer declared it to be the most thrilling 
narrative ever seen on the subject, and wrote : 

“ Please see that Mr. sees it. It is good enough 

for the Christmas number. I expect a cheque for 

it. If not accepted, return. Tell Mr. I 

expect £20 for it.” 

The Present-day Snob. In sending the first 
of a series of six articles the writer, an example 
of che intolerable “ smart ” contributor, said : 
“ I am desirous of seeking fame and, incidentally, 
cash, by asking you to read the enclosed article, 
tlie first of a series of six. If, however, the article 
is too feeble, and makes you feel at all peevish, 
be good enough to return it in the accompanying 
stamped envelope, and I will use it for pipe-lights.” 

Opportunities in the East. Extract from 
author’s letter : “ I admit the writing is feeble, 
but perhaps, with many additions known best 
to an editor, you may find an odd corner in the 
least important of your publications. It is very 
much in season, and will do you good if it appears.' ’ 

The Gate of Empire. Not published in spite 
of the fact that a friend of the author wrote to the 
editor : ” Will you be good enough to say when an 
article entitled ‘ The Gate of Empire ’ is to appear, 
as I intend securing several copies of the paper ? ” 

Vegetarians and Fruitarians v. Meat Eaters. 
Extract from author’s letter: ‘‘Would you bo 
willing to take an essay on this subject ? It would 
probably occupy eight or ten columns.” 

Santa Claus. Extract from author’s letter : 

” Perhaps the enclosed manuscript may be of use 
when you have nothing suitable at hand.” 

No Title. Extract from author’s letter : “ I 
enclose an article for your Thursday issue. If 
you would like it re-written j^lainer I will do it.” 

A >Short Story, Extract from author’s letter ; 

“ Mr. — of the , after reading the 


enclosed story, advised me to send it to you. I 
have for some time been trying to get a personal 
introduction to you, which I still hope to do, 
although I have so far been unsuccessful.” 

The Wild and Woolly West. Extract from 
author’s letter : “ You may blue pencil it as you 
see fit. I am after dollars, not glory. Of course, t he 
stuff is original and exclusive, ff you think it is 
‘ fishy ’ any of the gang round the Cecil will O.K. it. 

Problems on juggernaut and the Great 
World’s Misery. Seven columns from a rector’s 
wife. 

Tariff Reform. Extract from author’s letter : 
“ I beg to enclose an article. You will perceive 
I have not even troubled to correct or alter same. 
I have always written under the vom de plume 
‘ Vincit Veritas,’ as I believe tr\»th-always conquers, 
and can write more articles on the same subject.” 

Women in Journalism. The sensible 


contributor does not call, as a woman called 
at the office of the Daily Mail, to see “ if 


there is any personal reason why articles are 
not accepted.’^ He goes on writing until his 
articles are accepted, 'and until he has made his 
connection so secure that all anxiety concerning 
his manuscript comes to an end. 

Nothing has been said in these articles as to 
journalism for women. It is true that there are 


certain departments of work in which women 
are useful, and, indeed, necessary, as contributors 


to magazines, and, more rarely, to newspapers. 
But the woman journalist is not usually a success. 
The conditions of journalism are not for her, and 


women are wise in confining themselves, if they 


write at all, to work involving none of the rush 
and anxiety of ordinary journalism. There are 
regular departments —such as dress, health, 
cookery, and domestic interests generally — 
which afford scope for the woman who has a 
stock of useful knowledge and a gifted pen. 
But this is not journalism proper, and from a 


professional point of view the prospect for 
women journalists is not particularly bright. 


Obviously, however, all that has been said of 
journalism applies to journalists apart from sex. 

The Journalist’s Income. The free- 


lance who succeeds in journalism should lie 
perfectly happy in his work. He may make 
any sort of income within reason. It is not 
surprising to hear of men who make £1,000 
a year, though it is common enough to meet 
men who make the barest living. It is a higlily 
creditable thing if a man can sit at home and 
make £500 a year by his pen, and, with some 
capacity for organisation and the instinct of 
journalism within him, this should not be very 
difficult. It is a good plan to have a regular piece 
of work, such as two days a week in an office or a 
daily or weekly column of notes, and this security 
of an income sufficient to meet the bare needs 


of existence saves the free-lance from much 


anxiety. He should write only for papers that 
pay regularly, and should cultivate connections 
upon which he can rely. 

With half a dozen papers to write for, a well- 
equipped library to work in, and good health, 
the journalist with a brain is the happiest man 
in the world. He is monarch of all he surveys, 
and would not change places with a king. 


Continued 
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1. NUESBRY SHOWING LARCH SEEDLINGS AND TRANSPLANTED LARCH 



more seed than drill sowing, while it also needs a 
more carefully prepared seed bed. The usual 
time of sowing conifer seeds is almost invariably 
in spring, but broad-leaved species are sown from 
November to March, when temperature and 
the condition of the soil admit. 

In the forest, partial sowing is often resorted 
to— that is, small patches 
or strips are prepared and 
sown, or large seeds are 
dibbled. 

All seeds used should be 
fresh, ripe, of good size and 
weight, and have a good 
germinating capacity. The 
quantity of seed sown de- 
pends largely on the local 
conditions, on the quality 
of the seed, and on the rate 
of growth of the species. 

Planting. Seedlings are 
pricked out in the nursery 
and transplanted, only once 
or it may be several times 
over [1]. The utmost care 
should be exercised in taking 
up and transplanting either 
seedlings or larger and older 
plants. Fairly small plants 
are more easily manipu- 
lated, and are less expensive 
than larger ones for planting in the forest. 
Nursery stock, when planted out in the 
plantation, should be healthy, shapely, well 
developed, and have good root systems, the 
roots l^ing more “ bushy ” than “ tap-like.’* It 
is of the utmost importance that no stock in any 




2. GOOD PLANTING 




3. BAD PLANTING 
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4 . PEG PLANTING 


way affected by disease be used. The best age 
is perhaps four years, but seedlings, or plants 
from the seed-bed, are also occasionally suitable 
for planting out, transplants being used to 
replace any failures as necessary. Small plants 
are best removed with soil attached. In correct 
sylvicultural practice planting is usually done 
in pits — that is, holes dug 
expressly and of such a size 
that the roots may be ar- 
ranged as naturally as pos- 
sible [2J. In no case should 
the roots be in an unnatural, 
cramped position [3]. The 
pits are frequently dug 
during the winter before 
planting, the final insertion 
of the plants taking place 
in spring, after the soil has 
become mellowed. Loose 
soil is sprinkled over the 
roots when these have been 
spread,^ the soil gradually 
burying the roots. The 
w'hole is finally trampled 
firm. Pit planting is the 
most expensive method of 
establishing plantations. Ball 
planting t using small plants 
with the soil fomly attached 
as removed from the nur- 
sery bed by a circular or semicircular spado, 
is especially adapted to loose soils and for 
unfavourable localities generally. With small 
balls the expense of planting is not great. 
In some cases peg planting is resorted to [ 4 ], 
this method resembling ordinary dibbling. It 
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is only suitable for small plants, and is then 
cheap. Plants may be thus inserted fairly natur- 
ally, and if roots are k>ng, they may be somewhat 
curtailed. Natch-pUirUing is largely recommended 
on account of its cheapness at the outset. It may 
be done in several ways ; (1) By making a cut 
in the sod to form an L or a T. The comers of 
the sod are raised and the plant inserted and 
trodden in. This system is seldom to be recom- 
mended, the roots being almost always twisted 
or buried too deeply, wiQi serious results. (2) By 
using the '' wedge ” spade, in which case a 
wedge-shaped opening is made in the soil, and 
by movement to and fro of the spade a vertical 
face is obtained on one side of the '' notch.” The 
plant is placed at this side, the spade again 
inserted two or three inches back on the other 
side, and a fresh cut of soil pressed against the 
plant, closing the notch. 

Time, Density, and Cost of Planting. 
Wounding the plants in the course of planting 
should be carefully avoided, as wounds may 
afford entry for fungoid diseases and insect 
pests, and are re- 
sponsible for much 
trouble. 

Autumn and 
spring are the best 
times for planting— 
just vhen growth is 
over before winter, 
or just before 
growth begins m 
spring. It is de- 
sirable to get a 
good cover in six 
or seven years, and 
planting must be 
dense enough to 
effect this. Den- 
sity of planting will 
depend on the 
species, size of 
plants, and on the 
class of timber or 
other wood it is desired to raise. Three to four feet 
for Scots pine, 4 ft. to 4J ft for larch, and 
about 4 ft. for oak may be taken as average 
distances for average plants. At 3 ft. apart 
each way, 4,840 plants are. required per acre. 
The cost of planting varies according to the 
number of plants per acre and the method of 
planting. It may be from £3 to £6 per acre. 

Species of Trees. Of timber trees of 
chief importance may be mentioned, among 
hroad4€av€d species, the oak, beech, ash, bu'oh, 
hornbeam, alder, elm, lime, poplar, and among 
conifers, the Scots pine, larch, silver fir, Douglas 
fir, Weymouth pine, and Corsican pine. Of 
these, the most important are oak, larch, beech, 
silver fir, Scots pine, and spruce, followed by 
the ash, birch^ and alder. At this juncture we 
shall discuss briefly the chief points of some of 
these trees. 

OaR. For our present purpose two species 
of oak, Quercua peduncukUa and Q. aeaailifiora, 
may be considered together. The oak is a 
strong light- demander, and withstands storms 
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better than almost any other tree. It may live 
to a great age, grows fairly rapidly in youth, 
requires a fertile, deep soil (being decidedly 
exacting in this respect), and occurs both in pure 
and mixed woods. It is perhaps seen at its best 
when grown in mixed woods with beech, which 
may most advantageously be introduced as the 
oak begins to thin out. As it reproduces with ease 
by coppice shoots it is admirably suited for the 
simple coppice system and for coppice with 
standards, while with high forest systems it does 
exceed^ly well. When grown for bark for 
tanning purposes, the coppice with standards 
system is usual. [For qualities and uses of the 
various timbers see Matbbials and Struc- 
tures, page 51.] 

Scota Pine. Scots pine (Finns sylveatris) is 
on© of the most important of coniferous trees, 
large quantities of the timber being imported 
into this country as red Baltic ^ine or Baltic 
red-wood. It is hardy, storm-firm, withstands 
frost and drought well, and prefers a deep, 
porous soil, but is very adaptable in this re- 
spect, a moderate 
sandy soil suit- 
ing it excellently. 
Like the oak, it 
is strongly light- 
demanding, and 
it grows quickly 
all through life 
until mature, at- 
taining upwards 
of 100 ft. in 
height. Although 
extensively form- 
ing pure woods, 
it is suited to 
form mixed woods 
with beech and 
silver fir, and is 
adapted lor 
growth under most 
sylvicultural con- 
ditions. 

Beech. Beech (Fagus sylvatica) is one of the 
first of shade-bearing or tolerant trees, and is 
eminently suitable for growing in pure high 
forest, though excellent for mixed wo^s, while 
for underplanting pure hjgh forest of oak, ash, 
etc., it stands unrivalled. In mixed woods 
it 18 the chief species, and Scots pine, oak, ash, 
larch are at their best when mixed with beech. 
It needs open, good soil, grows slowly at first, 
but faster after about 30 years of age, is some- 
what damaged by late frosts when young, and 
its volume growth exceeds that of any native 
broad -leaved species. 

Ash. Ash (Fraxinus excelsior) is a useful 
timber tree, being next to the oak in its light 
requirements, but it is especially liable to fork 
or divide its stem. Ash coppices well, and 
takes a firm hold of the soil, which requires to 
be moist and porous, but it is apt to suffer from 
late frosts and drought. It is most suitable for 
admixture with beech, and occurs in high forest ; 
it reaches maturity about the seventieth year, 
and ought to be felled shortly thereafter. 
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Larch. Well*grown larch (Larix Europaea) 
yields a very durable timber, which is perhaps 
more valuable than any coniferous timber in 
Great Britain. It demands light more than 
any other British timber tree, is very storm- 
firm, a quick grower, requires a moderately deep 
porous soil, and is very hardy as regards cold. 
It may often be underplanted with beech or silver 
fir when about 30 years old, but is quite unsuited 
to pure forest. It is grown in high forest, and 
can be employed as a shelter wood for tender 
species — such os beech. Especially within recent 
years larch has suffered severely from the attacks 
of a fungus, to be described later. 

Spruce. The striking conifer spruce (Picea 
exedsa), with its 
long leading shoot 
and conical shafK', 
is a tree of the 
mountains. Like 
the beech smd sil- 
ver fir, it is able 
to endure shade. 

Spruce is hardy, 
but requires a 
moist locality ; it 
is not found in 
dry soils, but a 
detip soil is iin- 
musessary. The 
spruce is easily 
uprooted by gales 
[6J. When grown 
ill well - stocked 
woods, it forms a 
lirst-class timber, 
which is soft and 
liglit, b<jing known 
in the trade as 
Baltic white pine^ 

IScois pine being 
the Baltic red- 
wood. B(5ing one 
of the chief shade - 
bearing species, it 
is well suited for 
pure woods in high 
foiest, but is not 
so useful for under- 
planting us beech. 

Silver Fir. 

Silver fir (Abies 
pectinata) may bo 
termed the chief 
shade-bearer among our coniferous trees. It 
i.s liable to suffer from frost in youth ; grows 
but slowly in early life, later on, however, 
forging ahead very rapidly, its volume incre- 
ment being second to none of our common 
forest trees ; and it is at its best on a deep, 
somewhat firm and moist soil. Like the spruce 
and beech, the silver fir is peculiarly a pure 
forest type of tree, maintaining a close cover 
iintil late in life, although frequently occurring 
in mixed woods. With beech silver fir forms 
an excellent stock. It may be usefully employed 
for underplanting Scots pine or oak, when it is 
best introidneed as these are about to thin out. 
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Douglas Fir. Douglas fir (Psevdotsuga 
DougUmi) is a recently introduced species 
from the North American continent, where it 
is known as the red fir. Owing to the fact 
that it grows rapidly, attains a great size and 
forms a first-rate timber, it is likely to prove a 
very valuable introduction to this country. It 
is fairly hardy, but when exposed to the pre- 
vailing wind is apt to lose its leading shoot. 
It can be grown in pure woods. 

Sylvicultural Systems. Under the 
systems of sylvicultuie we shall consider both 
natural and artificial regeneration, the first being 
undertaken by Nature, and the second by man’s 
interference and direction. The choice of the 
system to be fol- 
lowed depends on 
locality, species, 
economic grounds, 
and a variety of 
conditions. The 
systems which 
generally prevail are 
(1) Cloaf-cutting in 
High Forest, ( 2) 
Regeneration und(T 
a Shelt(T - wood, 
(3) Regeneration by 
Coppice, and (4) 
Hign Forest with 
Standards. 

Under the sysU^in 
of Clear -Culliytg in 
High Forest afi 
area is directly 
sown, or planUid, 
or sown naturally 
with ho<hI from an 
adjacent wood, the 
crop completely cut 
when mature, and 
the area nssown 
or n^planted. Th(‘ 
produce is usually 
of a good class, 
the most unfavour - 
able point being 
that an inbrval 
occurs when the 
ground is bare. 
RegeMeration under 
a shelter-wood may 
be carried out in 
one of several ways, 
(a) In one case, the existing wood is thinned, 
and a new crop allowed to come up naturally 
from seed under shelter of the parent trees ; or 
regeneration is effected artificially by direct 
sowing or planting under the old trees, which 
are cut over when the new crop is established 
[6 and 7J. (b) In a modification of (a) the 

wood is treated in groups, instead of in iU 
entirety, (c) Another modification is one in 
which trees, or groups of trees, or definitely 
arranged blocks, are selected for cutting and re- 
generating in turn, so that there is always some 
part under treatment. The shelter- wood U 
suitable for shade- bearing species. 
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Regeneration by Coppice, In the ease 
of broad-leaved species, RegeMraJLimi by Coppice is 
very frequently effect^ by shoots which sprmg 
from the stem, roots, or stool, ordinary coppce 
being that resulting from stools of trees wnich have 
been cut over close to the ground. Growth is 
rapid under this natural system of regeneration, 
and cutting takes place at from one to two years 
with osiers, at 20 years or more for oak (grown 
largely for bark), or over 30 years in the case of 
the aider. A combination of this system with 
high forests results in Coppice with Standards^ 
in which some of the best trees are left and allowed 
to roach maturity as in high forest, the simple 
coppice forming an underwood. 

In the High Forest with Standards system 
a few of the best trees are left at the time of 
cutting over high forest that they may mature 
more fully, and in the following crop they 
exist as standards. Under certain conditions, 
especially with 
light • demanding 
sj^cies, woods be- 
gin to thin out at 
a certain age, when 
a second crop may 
bo introduced to 
protect the soil. 

In such a case 
there will bo two 
high forest woods of 
different age classes 
growing together. 

This is termed Two- 
storeyed High 
Forest, This again 
may vary in such a 
way that the intro- 
duced crop takes 
the form of a scrub 
or coppice, when 
the system is High 
Forest with Soil 
Protection Wood. 

Natural regenera- 
tion IS cheaper than 
the artificial 

method. When a natural rbgenera'] 

wood «»r forest is * shbltb 

to be <*stablished 

on new ground, this is best done by planting the 
area with young plants raised in a nursery. 

Forest Management. Coarse, knotty 
timber is largely due to unrestricted develop- 
ment of side branches, due in its turn to absence 
of competition between individual trees. That 
is, instead of close planting (the correct pro- 
cedure, which yields ^e, clean timber, the bi^iles 
being long, straight, and of good shape), the 
trees have been planted, or allowed to grow too 
widely apart. From the time an area is planted, . 
a close canopy should be kept, but all dead, 
suppressed, dfiseased, and dying individuals 
should be thinned or weeded out. Sufficient 
space must be allowed for right development, 
consistent with maintaining good cover for the 
soil* Under such close canopy, self -pruning 



takes place owing to pressure of individual 
trees on ore another, the lower branches dying 
off as the crowns press upwards to the light. 
How Trees Suppress Each Other* 

Thinning also takes place naturally in this way, 
the more vigorous members suppressing their 
weaker neighbours. In thinning it is usual to 
remove the very worst trees, such as dead, 
dying, and diseased ones, together with the 
smaller and weaker individuals. All the best 
arc left to attain maturity, or at least as many 
as may safely be left. Close growth means slow 
growth— that is, good quality timber. 

Dead wood in a forest may be taken as a 
healthy indication, provided the trees are not 
found dying in patches throughout the wood. 

A newer method of thinning departs from the 
ordinary principles in two ways ; (1) it does not 
countenance the removal of weak and partially 
suppressed trees ; (2) it is not afraid to attack 
the dominant class, 
or even to interrupt 
the canopy tem- 
porarily for the 
removal of objec- 
tionable trees, the 
idea being to benefit 
the remainder. By 
this method sound 
and vigorous trees 
are in some cases 
removed ; the re- 
maining trees arc 
encouraged to in- 
creased production, 
while more timb(‘r 
is obtained from 
the increasingly 
severe cuttings than 
is general from the 
usual process of 
thinning. No more 
wood should bo re- 
moved from a forest 
in a given time than 
it is able to produce 
in that time. 

NATURAL REGENERATION OF BEECH UNDER A ^ 

SHELTER WOOD 

mature crop should 
preferably take place when snow is on the 
ground, and timber is best removed in frosty 
weather, when the ground is hard. 

In the case of natural regeneration by seed, 
the later thinnings may take the form of fellings, 
the object of the first felling being to prepare 
the seed-bed where there is too much humus, 
to strengthen the trees and give light for the 
production of seed ; a later felling' — termed the 
seed felling — by which trees not required for 
seed or shelter arc removed; and, lastly, the 
felling of the remaining trees when they have 
done their duty in seeding the area. Final 
felling of timber usually does not take place until 
the trees have a fresh crop established under them. 

Figs. 2—7 are taken from Dr. Schlich’s ** Manual 
of Forestry ” (Bradbury Agnew & Co., Ltd.). 
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brands 2 per cent. On the cover of the tin of 
the cheaper brands, in small letters, the word 
“se^at^*" is found, signifying that what is 
oondensed is ** separated ” milk worth or Id. 
per quart, from which every particle of fat or 
cream has been removed, ana on which the child 
can only starve. This word is often overlooked, 
and the parent wonders why the child pines. 

Another evil is that the right stren^h is not 
given. Good condensed milk should be added 
to the water in this proportion : Before one 
month, ; from one month to five months, 
^6 ^ T*D’ 

A third mistake is that due distinction is not 
made between condensed milk with and without 
added sugar. It is best vnthoiU^ but then 
it will only keep good for a day or two when the 
tin is opened, whereas with 30 per cent, of added 
sugar, which does not agree with the child, 
and tends to produce all sorts of skin eruptions, 
it does not go bad. 

It is said that 100,000 infants die needlessly 
every year. Picture this enormous waste of 
human life, and then let us remember that it is 
principally (four-fifths) due to improper food. 

Not until a child is six months old can it live 
on vegetable food ; till then it is an animal 
feeder, and consumes, in proportion to its weigh, 
twice as much animal food as a man, averaging 
daily 30 grains per pound weight as compared 
with 15 grains per pound in an adult. 

Infant Nursing. In nursing a child the 
mother should lead a healthy, regular life, with 
plenty of nourishing food. Stimulants are not 
required, and it is important to remember this, 
as the habit of giving young mothers stout and 
strong beer, to say nothing of spirits, lays not 
only a disastrous foundation for the subsequent 
married life, but for the baby’s constitution as 
well. The best milk maker is milk; the next 
best, perhaps, is cocoa. Nothing that tastes very 
strongly, such as onions, should be eaten, and all 
rich food should be avoided. 

With regard to the times of feeding the child, 
it should, in the firet xlace, be fed regularly, 
and not always when it cries. This is of the 
utmost importance to both parent and child. 
For the first three months every two hours 
in the daytime, and every four at night, is 
quite enough ; and after then, if the child be 
strong and well, every three hours in the day 
and every six hours at night. 

The amount of milk that is yielded by a good 
nurse is about four tablespooniuls in each breast 
every two hours. At first a child exhausts one 
breast only, later on, both. A child should, as a 
rule, be allowed to suck imtil it shows it has had 
enough. A child would then, if under three 
months, drink about a pint a day, and about a 
pint and a half over this age. 

When a child has sucked, its mouth should 
always be washed to prevent the formation 
of thrush, a small white fungus that grows 
about the tongue and sides of the mouth. The 
nipples should also be well washed, and can 
be hardened, if needed, by spcwiging with 
brandy. Of course, nursing is a great tie to a 
mother, who must be in at the regular hours if 
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she would do justice to her child ; for if the food 
be given at too long intervals, the child takes it 
too quickly, and all sorts of dangerous stomach 
disturbances are caused. 

Occasionally, through worry or overwork, 
mother’s milk is too poor ; it may become scanty 
and insufficient, or some sudden shock or other 
cause may stop it altogether. In these cases 
it is better partly to suckle a child than not at 
all. There is absolutely no foundation for the 
popular idea that it is wrong to give cows’ milk 
and the mother's milk together. If the milk 
be scanty, a better plan than giving the Hbreast 
in the day and the bottle at night is to give them 
alternately. 

Feeding Bottles. Setting aside wet-nurses 
as being too difficult to obtain readily when 
wanted, the question is, if the natural supply 
fails, how should the infant be fed ? In the 
first place, the bottle itself should always be 
kept perfectly clean. A boat-shaped bottle, with 
a calf’s teat, is easily kept clean, but until lately 
it has been completely driven out of the field 
by other shapes. The bottle with the long 
indiarubber tube can be placed in almost 
any position without being upset, and hence 
is so popular because the mother can leave the 
child to suck by itself. This is not a good 
plan, for not only are the bottle and tube always 
dirty, but too often it leads to the child 
gulping down quantities of air through sucking 
at the bottle when empty. The best course 
is to use the bottle (fitted with a teat) in which 
the milk has been sterilised. The milk, not neces- 
sarily obtained from the same cow% should be 
perfectly fresh and sweet. It should not be 
kept in the bed-room, and the jug or bottle 
should be scalded and made perfectly clean. 
The least dirt or drop of sour milk will soon 
turn a whole quart. The milk should be 
sterilised by the bottle being placed in a saucepan 
of water until the water boils. The proportion 
of boiled water added should be one-half, and 
if the milk be rich, a little more at first ; a 
small quantity of white (preferably milk) sugar 
may be added. The bottle should be given at 
blood-heat. 

How Milk Should be Warmed. It 

is verj’’ dangerous to keep the milk warm all 
night by a small light, as, in this case, it 
constantly turns sour. It should be kept quite 
cold, and warmed only when needed. Nothing 
w^hatever in the way of food but milk-and-wattT 
should be given to a healthy child. After the 
first three months only one -third of water is 
needed to two-thirds of milk. Should the milk 
disagree with the child, and heavy curds be 
brought up, then a little lime-water may be 
added, which may be increased, if necessary, 
until nothing but lime-water (which is quite 
harmless) instead of water is added. Sometimes, 
when the milk is “on the turn,” a pinch of bi- 
carbonate of soda will put it right, but it is better 
not to use it. If it be still found to be too heavy, 
as is shown by curds being brought up or passed, 
some change must be made. Condensed milk is 
lighter than coww’ milk, but generally contains 
such a quantity of sugar that it often produces 



eruptions, and makes the child fat rather 
than strong, although with some it agrees 
fairly well Barley-water (two teaspoonfuls of 
pearl barley to a pint of water, simmered 
slowly to t^ee-quarters of a pint, and strained) 
and cream is very light. The humanised milk 



agree with the baby. 

Prepared Foods. If the child still appears 
starved and hungry, and needs something more, 
there are some Rested foods, prepared by Allen & 
Hanbury, Mellin, and others, which can be safely 
tried. Ridge’s Food, biscuits of any sort, and 
other milk foods, must not be given till after the 
cMld is nearly six months old, since before that 
age it is absolutely incapable of digesting any 
sort of flour. 

It is a great mistake to feed the baby too 
frequently. After the first six months the 
child will go at night, from eleven to five, 
without focS. 

If possible, a child should not be weaned in 
summer, but about the sixth month the amount 
of nursing should be decreased. After the first 
teeth are well through, about the seventh or 
eighth month, the child may be weaned. It is 
a great mistake for mothers, for any reason, to 
continue suckling as long as fifteen months. 

After the sixth month the child can take 
Ridge’s Food and plain flour foods, rusk, and 
biscuit. Rusks and tops-and-bottoms are very 
good at first, but bread should not be given 
until the child is well accustomed to the finer 
food. At eight or nine months the child (*an 
begin to take a little broth or beef-tea. Milk 
should always be the child’s mainstay for the 
first few years of its life. Sugar is good for 
children with their meals, and after one year 
a little meat may be given once a day. Oatmeal 
is very fattening, although rather heating. 
The diet should be light and nourishing. Light- 
boiled eggs are very suitable, and there is no 
objection to a little ripe fruit. 

A Child'* Menu. The great danger a 
careful mother is apt to fall into when her child 
is between six months and two years old is 
giving it too much farinaceous and too little 
animal food. We are apt to think flour foods 
can take the place of milk ; but, though they 
present somewhat the same appeai’ance, they are 
in reality very different from it. Milk is truly 
animal food, and contains plenty of material 
for building up the child’s body. Now, a child 
requires, seeing it is gjrowing rapidly, far more 
animal food in proportion to its size than a man, 
and this is most conveniently given in the form 
of milk. Any vegetarians who read this must 
clearly understand that if they had excluded 
animal food from birth they would not be alive 
to-day, for we are all bom animal feeders. At 
eight or nine months a baby may have a little 
bwf-tea and, at fifteen months, a little under- 
done meat scraped into fine pulp and moistened 
with beef-tea or plain gravy. 

A suitable dietary for a child of two years old 
is a breakfast of bread-and-milk, pomdge-and- 
milk, or an egg ; a dinner of meat, fish, or 
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diicken, with a little mashed potato and a 
light milk or egg pudding ; a tea of bread-and- 
butter and milk, with a little treacle ; and for 
supper, bread-and-milk. The child should con- 
tinue to take at least pints of milk in the day. 

Children'* Clothing. There is no doubt 
that there is room for a greater reform in infant 
clothing. As much as is possible of a baby’s 
clothing should be of flannel of a fine and non- 
irritating quality^ An elastic woollen binder 
round the body is very useful during the first 
few months. This binder used to be sewn round 
the baby’s body very tightly, and was made of 
rigid and un 3 rielding cotton cloth. One result 
was that babies continually suffered from jaun- 
dice, and there can be no doubt that when the 
body is so soft a very tight binder must 
seriously interfere with the action of the liver. 
The ideal binder should be made of some webbing 
which will give a little. Beyond this, the child 
needs nothing indoors but Uie cambric, or fine 
linen shirt, the flannel gown, and, if needed, a 
warm shawl. 

Napkins should only be worn when the child 
is being carried about, at other times its legs 
should be quite free ; no waterproof should be 
worn over them. For out-of-doors an extra soft 
woollen gown, and on the head a soft light 
woollen hood. The child’s face should always 
be uncovered, and no thick veil or handkerchief 
ever allowed. All clothes should be made to 
open in the front. 

At night the child should be all in flannel. A 
baby should wear soft woollen socks; no stiff 
boots or shoes should be allowed, excepting 
when absolutely needed out-of-doors. 

At the age of four months the child’s clothes 
should be shorter ; but even before they should 
never be of the absurd fashionable length. 
The change, however, should not be made in 
wintry weather. The short clothes should also 
Ik* of flannel, the sleeves loose and long, the 
neck high — not tight. The legs should now be 
protect^ with woollen gaiters, and no infant 
should bs allowed to go about with bare legs 
and arms. 

The Nur*ery. Infants require an immense 
amount of light and air. Fresh air and sun- 
shine not only invigorate and promote the 
growth of their young bodies, but they also kill 
and destroy all germs of disease. Light is a 
great factor in forming good blood. Infants 
cannot thrive, even with every care, in a dull and 
sunless room ; while, on the other hand, they do 
grow wonderfully when they have plenty of 
light and air, though they may be often grossly 
neglected in other ways. The nursery should 
always be the brightest room in the house. It 
should be on the first floor, or higher, and should 
be sunny ; it should have a fireplace and plenty 
of access for fresh air at night. The room should 
be as bare as possible, and scrupulously clean. 

Young infants should not be taken out-of-doors 
during the first month ; and when it is for the first 
time, a fine warm day should be chosen. If the 
temperature out-of-doors is 60° F., the baby may 
begin to go out on the fifteenth day. Of course, 
if it is winter-time, it should not go out until it is 
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older. Long exercise in a perambulator soon tooth. The milk teeth are 20 in number, and 

chills a very young child ; the nurse’s arms are the first that should arrive are the two middle 

far better, and the continual exercise for the ones on the lower jaw ; these are generally cut 

child as she walks about is very good for it. A about the seventh month, the two front teeth 

child should be carried on the right and left arm of the upper jaw about the ninth, and the other 

alternately. two front teeth of the same jaw just afterwards. 

Older children should be kept out-of-doors as The remaining two front teeth generally come 

much as possible, and, well ^vrapped up, they at the close of the first year ; at the same time 

can endure most weathers, excepting east winds the first four double teeth appear, so this is a 

and rain. In summer, a child should be kept troublesome period in child nistory. The last 

indoors in the middle of the day, and taken out four double teeth appear about the twenty- 

' morning and evening. The temperature of the fourth month. 

•' nursery bed-room should never fall below 65° F. If teeth are cut out of their proper order, it 
' m winter, or be above 66° F. in summer. The is of no importance, provided they are not too 
nursery may range from 65° F. to 70° F. long delay^ If they are backward, a little 

With regard to cleanliness, the first step is at phosphate of lime, given with white sugar, will 
birth, when the child’s eyes should be carefully soon bring them on. 

bathed. If this be not systematically done, and Ailments of Young Children. During 
any poison has entered during birth, the eyes teething, children are specially liable to con- 

soon swell and inflame, and a child often goes vulsions, bronchitis, diarrhoea, and general 

blind during the first v'cek of its life. For nervousness. It is the later teeth that give 

children to be “ bom blind ” is the rarest of the most trouble. It is a good practice to give 

events, but for them to be blind from birth is them a hard substance to gnaw, but lancing 

very common, and nearly always is due to the gum is not generally required, nor is it 

nothing but want of cleanliness beneficial. Easy cutting of teeth is a good 

Baths. All infants should he bathed at indication of general good health, 

first in warm water, about 95° F., gradually The ailments of children spring, in nine cases 
reduced to 70° F. by the end of the first month, out of ten, from the stomach and from errors of 

1’he wai/cr should be soft — rain water is best — diet. Diarrhoea is a common trouble, but is some- 

and curd soap should be used ; a soft flannel times also an epidemic and a dangerous disease in 

for the soap, and, when it can be procured, a itself. It should never be allowed to continue, and 

Turkey sponge for the water. Very little soap if there be any* evidence that the food is net 

should be used to a baby’s skin, as it destroys being digested, an appropriate change will at 

the secretion of the oil glands and renders the once cure it. Medical advice in any case should 

body liable to cold. The baby should be bathed be sought early. Constipation is not uncom- 

before his breakfast, and it is most important mon, but should never be relieved with strong 

that the nursery door be locked during the first drugs. A little cold water is an excellent 

few baths. purgative ; combined with a little glycerine it 

After the first fortnight he can be put in the is stronger. A little oatmeal water when young, 

bath instead of being w'ashed on the knee. He or & little porridge when older, will soon cure 

should not remain in it long, and be quickly constipation, 

dried with a warm, soft towel, and then rubbed Vaccination is best carried out before the 
all over with the w^arm hand, and dressed. teething sets in, and should always be done 

Cold baths should not, as a rule, be given to thoroughly, as smallpox is very fatal in infancy, 

infants till they are eighteen months old, at any Care should be taken that the lymph is obtained 

rate. The best w^ay, at first, is to put the from a healthy baby, or fresh from the calf, 

children into warm baths, and finish up by a How a Child Should Sleep. A child 
sponging with cold water. As they get used ought not to sleep alone during the first few 

to this, they can stand in warm water, and bo months of its life, but afterwards it should always 

sponged more freely with cold, and in hot sleep in a cot, and not in a bed. When in bed 

weather the bath can be taken quite cold. with its mother its face should invariably be 

The child should never be allow^ed to get cool turned away, for fear of being overlaid, and tbt‘ 

l^efore the morning bath, but should be taken face should never be covered. During the first 

straight to its bath out of bed. Great care should year the child should average 18 hours’ sleep, and 

be taken thoroughly to dry children after their after should decrease to about 12 at five years 

bath, or sores and chaps soon appear in the folds of age 

of the skin. When quite dr 3 ^ the part liable to With regard to indiarubber “ comforters,” a 
friction can be powdered. It is important, there- point that is often overlooked, it is important 

fore, that all the little folds of the body— to know that it does far more than spoil the 

between the toes, etc. — be dried carefully. shape of a baby’s lips. It has been recently 

Children begin to w^alk betw’een 12 and 18 pointed out that the prolonged sucking makes 

months. Heavy, w'eak children should be kept the roof of the mouth painful and swollen, 

off their legs as long as possible. They begin and many serious alterations in the mouth, 

to walk about the second year. nose, pharynx, and ears, are the direct con- 

Teething. The beginning of dribbling is sequence of breathing through the mouth, 

alwa 3 rs an interesting event in the nursery, being brought on by sucking the solid rubber teat 

a pretty sure forerunner of the cutting of the first known as the “ comforter.” 

Continued 
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for the purpQee^of picking up waggons from 
sidings or ^fo’. clear .the swtion in the rear, to 
be broui^t to a stand without entering the 
section in advance. ' * 

Some Minor Signals. “ Calling on ” and 
backing signals have shorter arms than those of 
tlie oimna^ type and also of somewhat different 
pattern. 7%e former are usuallv placed upon 
the home signal post, below the home arm, and 
connected to the siding points to which they refer. 

However, most shunting and siding operations 
arc controlled by ground disc or dwait signals, 
which notify to a oriver when he may leave and 
enter a siding, or when be may ei^s over from 
one track to another. These signals furnish the 
required indications as to the state of the line.* 
We have said that ordinaiy signal anns ought 
never to -be placed one below the other on 
the same post. Nevertheless, in cases where 
the block sections are short, and consequently 
signal-boxes are situated near together, it is 
ad^sable to have the “distant” from the one 
box placed upon the home, starting, or advanced 
starting pos't of the next, when the “ distant ” 
must be the lower arm. Both signals must be 
mechanically “ slotted ” in such a way that the 
“ ^stant ” can never be taken “ off ” when the 
“ home ” above it is “ on,” while in order to 
avoid the discrepancy of the “ distant ” showing 
“ off ” ^hen the home is “ on,” the home signal- 
man must be able simultaneously to place both 
to “ danger ” as soon as a train passes. 

Indications at Night. Signal arms, 
discs, etc., of course, cannot be seen at night, 
so the indications have to be given by a lamp 
working with the arm in a frame contain- 
ing coloured glasses, termed spectacled. These 
latter cause the lamp to show a red light 
to indicate “ danger,” and a green to indicate 
“ safety.” No other light is allowed. Several 
attempts have been made to differentiate 
“ distant ” signals at night, by equipping them 
with purple and white glasses to indicate 
“ caution ” and “safety” respectively, but now 
they show the same lights as all other signals. 
In the United States a fairly satisfactory yellow 
light for distant signals has been evolved. 
Knowledge of the road alone enables a driver to 
distinguish a “ distant ” signal at night. 

Interlocking Signkla and Points. But 
the fixed signals do not do more than direct train 
movements. To turn a train off one line of way 
and on to another connecting with it, a pair of 
tapered movable rails, called stvitches or points^ are 
utilised. If these points lie towards a train they 
are termed facing points ; if in the reverse direc- 
tion, trailing points. Facing points are usually to 
be avoided as much as possible. Thus, a train 
generally enters a siding, or crosses from one line 
of way to another by means of trailing points — 
that is to say, it backs. Both signals and points 
are actuated from a signal cabin, and in order to 
prevent contradictory movements on the part of 
each, the ijignaj and point levers are concentrated 
in one frame, and mechanically interlocked. 
Consequently, the locking frame of an important 
signal cabin is a wonderfully complex piece of 
mechanism. Among the refinements that tend 
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towards the perfection of interlooki^, mention 
' ,mus't be made of the following. Th^ hching 
' fear is a long flat bar lying along edge of 
a rail and close to a switch. Each time 
the switch is moved this bar must be raised 
above rail level ; thus, a train travelling 
through the points is master of the situation ; 
' not even the signalman can either intentionally 
or inadvertently change their position. The 
detector lock^ if, owing to a broken rod, the 
points have not been moved, prevents the signal- 
man from lowering any signal which would 
be contrary to the actual position of the points 
'themselves. The facing point lock ensures 
that the points Are {woperly set close home 
the stock or fixed rail ; otherwise the road 
cannot be signalled clear. - The clearance bar 
consists of a series of locking bars, placed 
between the starting signal and the signal-box, 
and so long as a train is standing upon this 
portion of the line the block instrument and 
home signal are automatically locked, at danger, 
and a signalman is unable to commit an error 
should he have forgotten the presence of the 
train in question. 

Manual Operation of Signals and 
Points. Signals are worked by wires, and the 
points by rods connecting with their respective 
levers. Levers are of sufficient length to enable 
the signalman to manipulate them with moderate 
exertion, but, where signals are placed at long 
distances from the levers controlling them, 
counter-balance weights are provided both on the 
lever and the signal post to assist the operator. 
It should be added that the Board of Trade 
limits the distance at which trailing points may 
be manually worked from a cabin to 300 yards, 
and that of facing points to 250 yards. 

The Signal-box. Great care is taken 
in the design of signal-boxes so that they 
shall be light and airy, and give those in 
charge a clear view of the track from every 
point. A gallery often runs along the front 
of the box, so that the signalman can go out to 
transmit messages to engine-drivers, guards, 
shunters, etc., without losing audible touch of his 
electric bell instruments. Every lever in the 
frame is numbered, and on the floor beside it or 
on a board in front of the frame there is fixed 
a brass plate engraved with its name and use — 
namely, “ Up home,” “ Down advanced starting,” 

“ Main line cross over,” etc., etc. Sets of levers 
are distinguished by being painted in different 
colours below the handle and spring catch. The 
following is the standard colour arrangement : 
red for home signals, green for distant signals, 
black for points, white for spare levers, and 
fancy hoops for anything out of the ordinary. 
In junction boxes it will be further observed that 
many levers bear an array of numbers, sometimes 
a dozen or more. These numbers form the key 
to the interlocking. Before any numbered lever 
can be moved, each of the levers to which the 
numbers on it refer has to be pulled over in the 
order in which the numbers run. Above the 
lever frame hangs a shelf on which stand the 
block telegraph and bell instruments, repeaters, 
route indicators, telephones, etc., and above the 




shelf is displayed a large chart of the tracks, 
sidings, switches, cross-overs, and fixed signals, 
controlled and operated from the cabin. 

System of Signalling. The two block 
telegraph instruments— one communicating with 
the signal-box on one side of him and the 
other with that on the other — instruct a signal- 
man when he is to move his signals. The 
instrument consists of bells, possessing different 
tones for the boxes on each side of him, one 
bell serving for both “up” and “down” 
lines respectively, and af dial instruments. The 
former are used for calling attention, and for 
giving the complete code of signals descriptive of 
the nature of the trains. The latter, by means of 
a needle, miniature semaphore, or revolving 
shutter, give visible indications of “ line blocked,” 
“ train on line,” and “ line clear.” The normal 
state of the indicator is “ line blocked.” On the 
approach of a train to A, the signalman there 
will call the attention of B, by means of a given 
number of strokes on the bell to indicate the 
nature of the train. The signalman at B, if the 
previous train has passed his cabin, and he knows 
that the section A B is clear, repeats the signal 
correctly, and pegs the indicator to “ line clear.” 
The train is then despatched from A, the si^al- 
man at A gives the bell signal “ train on line,” 
and B acknowledges this by moving his own 
indicator and the one at A to “ train on line.” 
B then calls the attention of C with the ^ be 
ready ” bell signal. When train has passed B, 
B puts his block instrument to the normal 
position, “line blocked,” And so on through- 
out the block system. The “ be ready ” or 
“ is line clear ? ” signal must never be sent 
until “ line clear ” has been received for the 


previous train, and the indicator has been put 
to “ line blocked.” If the second train should 
arrive at the signal-box before the preceding one 
has been signalled as “ out of section,” it must 
be halted and detained at the starting signal 
until the section ahead is clear. 

An instrument of the needle type is worked 
with a handle, and that of the revolving disc 
with tapper keys. Instruments for both the 
“ up ” and “ ciown ” lines arc now usually 
contained in one case, thus effecting economy 
in shelf accommodation. 

•• LocR and BlocK.” Obedience to the 
audible and visible instructions conveyed by 
the block telegraph instruments means that 
signalmen would never lower the fixed signals 
so as to permit of two trains being in the 
same section at the same time. Neverthe- 
less, the human equation is liable to err ; 
therefore, as a further safeguard, the block 
and interlocking systems have been combined, 
by means of electrical apparatus, whereby either 
the train itself assists in providing for its own 
safety by telegraphing its arrival at and depar- 
ture from signal-boxes, or the signals, say, at B, 
arc placed under the physical control of A and C 
— that is, the signalman at each side of B. This 
is knovm as the “ lock and block ” system, and 
it is employed only on sections of line where a 
large numlier of ^trains run with short headway. 
Undoubtedly, the best known and most widely 
applied “ lock and block ” system is the Sykes, 
with which a signalman is unable to lower the 
signal that admits a train to the block section 
ahead until the signal has been electrically 
released by the signalman at the box in advance, 
who cannot so release the signal until the 
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preceding train has passed over a rail contact 
in advance of his own starting signal, and that 
signal, again, has been put to danger/' 

There is a variety of other “ lock and block ” 
systems which, without employing rail contacts 
or treadles actuated by a train itself, electrically 
unite the block telegraph and interlocking 
apparatus, so that they cannot be manipulated 
in a contradictory manner. ^ 

Electricity in Signalling, The function 
of electrical signal repeaters and light indi- 
c-ators is to inform the signalman whether 
the arms of such signals as may be hidden 
from his sight, by reason of curves or other 
circumstances, have acted in accordance with 
the movement of his levers, and also, during 
the night, whether the lamps keep alight. The 
movements of a signal arm are faithfully repeated 
by a miniature semaphore in a case, and similarly 
a little disc inscribed “ light in ” changes to 
another inscribed “ light out ” should the lamp 
fail. With many patterns of repeating instru- 
ments one wire only is required between 
the signal and the instrument to show all 
five indications — namely, ^ arm “on,” “off,” 
and “•wrong,” “ light in and “ light out.” At 
big junction and terminal station boxes several 
other kinds of electrical instruments for the 
guidance of signalmen are in use — namely, train- 
starting indicators — which announce when trains 
are rv^ady to start from certain platforms ; route 
indicators, by moans of which signalmen are 
advised beforehand of the route an approaching 
train is required to take where several routes 
diverge ; and shunting indicators. 

Power Tersus Manual Signalling. 


smaller and more compact, and it is possible to 
interlock points and signals by return connec- 
tions to the levers in the box. A signalman, 
therefore, when moving a lever is made aware 
that the point or signal has answered his lever, 
.^ain, with several power systems, should a 
signalman omit to put a signal to danger it will 
be thrown up automatically by the passage of a 
train. The connections with the signal and 
switch motors are invariably underground, and 
it is now agreed on all hands that surface rods 
and wires should be abolished in station yards, 
on account of the great risk to railway officials 
from exposed gear. Moreover, with the con- 
nections laid underground mechanisms are not 
liable to accident, neither can they get clogged 
with snow, ice, or dirt. Train movements can be 
effected much more rapidly by means of a power 
installation than by any manual plant. With 
the former the levers are nearer together, and 
the physical effort required to move them is too 
small for notice. Then, it is claimed that the 
automatic return indication relieves the signal- 
man of considerable mental strain, so that 
not only can one man do the work of three, 
but he does it with less mental and physical 
effort, and consequently with Jess risk of being 
overcome with fatigue during long hours. 
Other advantages possessed by power systems 
are the fact that the Board of Trade permit 
facing points to be worked at a greater 
distance from the signal-box than with a 
manual, that little difficulty is experienced in 
“ leading out ” of a signal-box a maze of connec- 
tions in many lines of way, and that the cost of 
maintenance is small. On the other hand, with 


Various new systems of signallmg have been a manual system, power costs nothing, it being 
prominently to the fore in recent years in con- provided by the signalman ; and in the initial 
sequence of the large increase of traffic (which cost of installation a power plant is considerably 
has necessitated a greater number of tracJvs greater, while specially trained men arc required 
and considerable enlargements of stations and to supervise it. To sum up, although power 
yards), causing a distinct . ■ ^ .signalling effects a consider- 

demand for some form of paving in working and 

operating signals and pojnts maintenance expenses, the in- 

which shall give greater case creased cost of installation 

and safety in handling heavy largely precludes its adoption, 

traffic, together with more except at busy centres, where, 

economical working than can however, power signalling is 

obtained by ordinary undoubtedly more economical, 

manual plants. The feature and here also the system offers 

of a power system is tliat the the advantage that, the opera - 

signalman is provided with tion of the levers being quite 

means easily moving easy, the signalman is able to 

points and signals by electric, devote himself entirely toout- 

electro-pneumatic, hydraulic, side operations, 

or electro-hydraulic power. Growth of Power 

As with the manual system, Signalling. Within the 

it is necessary to have levers limits of this paper it would 

18 . SYDENHAM HILL TUNNEL BLECTEO- be impOBsible tO disCUSS the 
With each other, and connee- itrx^ntrAWTr^AT gt^vat technical details of the various 

tions between the box and power systems partially 

the points and signals. With some powder adopted by different companies. Suffice it to say, 
installations, like the Westmghouse and the therefore, that the London and North-Western 


“Crewe,’ the ordinary mechanical levers [17] Railway employs the “ Crewe ” all-electric system ; 

are retained in miniature ; thus, the signal- the North-Eastern, Great Eastern, Lancashire 

man has nothing new to learn in the way and Yorkshire, and Metropolitan-District Rail- 

of movements or catches. As a rule, however, ways, the Westinghouse electro - pneumatic 

the interlocking machine for a pow'er system is (normal pressure); the Great Western Railway, 
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tho Siemens all-eloctric ; and the Glasgow 
and South-Western, and South-Eastern and 
Chatham Railways, the Sykes electro-mechanical. 

It is commonly supposed that power signalling 
came to us from America. The idea originated 
however, with an Englishman, Mr. W. R. Sykes, 
who in the early seventies took out the 
first patent for operating signals by power, and 
in 1875 installed the first power signals in tho 
world actuated by electricity at the portals of 
the Sydenham Hill tunnel. These latter signals 
[18] consist of a red banner, moved on a spindle, 
to which is attached an armature with an opal 
background, through which a lamp shines at 
night, and so the signal takes by night the same 
form as by day. 

Automatic Signal ling« A further de* 
velopment of the power system is automatic 
signalling, whereby the trains are made to signal 
themselves. There are several different kin(& of 
automatic signalling systems [19-22] in vogue, 
but one feature is common to all — namely, an 
electrical wire and track circuit circulating over 
each block section. The currents are furnished 
by gravity batteries, and are of low tension, 
inasmuch as they do not perform tho signal 
movements, but are required merely to regulate 
the actual motive power, which is led thiough 
valves to the signal motors. The motive power 
is usually compressed air, as in the case of the 
London and South-Westeni and Metropolitan- 
District Companies’ installations ; but the North- 
Eastern Railway employs cylinders [20] charged 
with liquid carbonic acid gas at a pressure of 
about 800 lb. to the square inch. The gas motor 
possesses the advantage of obviating the employ- 
ment of an air-compressing plant and pipe-lines, 
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The Great Western Company is trying an all- 
eloctric system. 

When a train enters a section its wheels short 
circuit the track battery — that is to say, the cur- 
rent flows through the axles, thereby putting the 
actual motive power into operation to set the 
signals which it has just passed at “ danger.” The 
tram having cleared block 1, and entered block 2, 
the current of the track battery is agam flowing 
through tho rails, thereby causing the signals to 
resume their normal position. With S 9 mo instal- 
lations, while the circulation is free, the sema- 
phores stand at “ safety,” but with others, the 
normal positions of the signals conform with the 
Standard Block Regulations — namely, “Danger,” 
and on tho approach of the next train, the line 
being clear, a mechanical contrivance attached 
to the section enables the signal to drop at 
“ clear.” 

The advantages of automatic signalling are 
as follow : augmented track capacity, for it 
enables a greater number of trains to be passed 
over a given stretch of track ; uniform running 
of trains ; the guarantee that the section is clear 
for a train, and that tho track itself is in good 
order. It cannot, however, be utilised at 
junetions, and as our railways are punctuated 
uith these to an elsewhere unparalleled degree, 
there is not the same extensive field for 
its employment in this country as in America. 
Trips or train stops [28] form another new 
refinement. They automatically prevent trains 
from over-running home signals. The apparatus 
consists of an iron arm between the track rails, 
acting in unison with the adjacent signal. While 
the signal is at “ danger,” this arm is elevated to 
a position in which it engages with a cock on the 
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stax^tly. and aut^^inaiticmly 
apjp^ A if by any vCb^oe im 
driver (diouM nm past the 
si^^nal. 

Signalman. As a rule, 
the selecticm of oiusdidates 
for the post ol si^alma^, 
togeih€v with the treking 
and avocation of simalmen, 
rests entirely with the tr|^|^c 
department. The practice 
observed in the mala by all 
companies is to appoint 
youths between fourteen 
and sixteen years of age as 
lad - porters, and those 
among them who wish to 
become signalmen are at 
oncoallow^ to learn single- 
needle telegraphy. Again, 
a lad between the ages men- 
tioned may join a com- 


BLBCTRO-GAS 
\UTOMATIO SIGNALS, 
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pany's service as tele- 
graphic messenger, 
earning between 6s. 
and 14s. per week, and 
at once devote him- 
self to learning the 
use of the single- 
needle instrument. A 
sharp lad will be able 
to receive and transmit 
telegraphic train mes- 
s^es in from four to 
six months’ time, and 
when he has demon- 
strated his ability he 
is placed in a large 
signal-box to act as 
telegraphist or train 

boy. Here his duties are to read and transmit 
telegraphic messages, and to write up for the 
signalmen the train books that record the times 
at which every train is accepted into the block 
section and clears it. While acting as train boy, 
a youth soon gets thoroughly acquainted with 
the working of the block telegraph instruments, 
the diagram of the line, and interlocking. 
Some companies keep train b 03 rs until they 
attain twenty years of age, and then allow them 
at once to pass the examination before the dis- 
trict superintendent for promotion to third-class 
signalman. Others, however, relieve the lads of 
their duties at seventeen years of age, and compel 
them to revert to porters, lamp-men, shunters, 
or clerks for a period of three or four years. 
This latter rule hmds good with companies which 
will not appoint a man as a signalman until he 
attains twenty-three years of age. When a man 
who has not previously acted as train boy, ot 
learnt single-needle telegraphy, wishes to qualify 
for a signalman ho is not allowed to take any 
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jsteps to cany out his desire until he has been in 
Iherj^ompanv’s service for a period of six months. 
The prooeoure is then to despatch him in his 
ori^al capacity, as porter, shunter, or clerk to 
some small station, where his ordinary duties 
are^ sufficiently light to enable him to learn the 
practice of signalling and single-needle tele- 
graphy. It is not every company that insists 
iipoh the would-be signalman qualifying as a tele- 
graphist, but a man not so qualified could never 
hope to rise above the rank of third-class signal- 
man on a remote branch line. The same pro- 
eedure is observed by the companies alluded 
to above, which do not allow train boys or boy- 
telegraphists to continue as such till they come 
to the Hmit of age for promotion to signalmen. 
The Great Western Railway has a school of 
signalling, the equipment of the class-room [24] 
including a scale model of a double-line junction, 
with interlocking frame, signals, points, sidings, 
rolling-stock, etc., in fuU working order. 

The Complete Signalman. Having 
acquired a fair knowledge of signalling in a 
wayside station signal cabin, an aspirant is 
promoted to a more im- 
portant station, where, 
besides fulfilling his ordin- 
ary duties, he is put on to 
relieve for a few hours at 
a stretch a fully-fledged 
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signalman. Lastly, 
when a vacancy oc- 
curs, a man who 
thinks he has mas- 
tered the subject may 
apply to be examinea 
for third-class signal- 
man, either by the 
district traffic super- 
intendent, or a sig- 
nalling inspector, ac- 
cording to the com- 
pany’s practice. The 
■examination is of a 
searching character. 
It generally com- 
prises both oral and 
'^tten examination 
in the working of the 
block system, any 
patent method of 
signalling, such as 
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the *Mock and block,” electric train i 
Btafif or tablet system, etc., which may 
be adopted by the company in question, 
and “emergency” signals, or what to 
do in a dozen or more different kinds of 
accidents. Signal-boxes are classified as 
belonging to principal main lines, secon- 
dary main lines, and branch lines. In 
each of these divisions there are three 
different grades of signalmen — namely, 
third, second, and first class, and with 
some companies there are two higher 
grades on principal mam hnes— namely, 

“ special ” and extra-special.” 

Pay and Promotion. The rates 
of pay vary not only according to class, 
but also according to division. Thus, a third- 
class signalman on a principal main line earns more 
than a first-class man on a secondary main line. 
Signalmen earn from 18s. to 25s. a week, and 
receive for correct working a bonus of from £2 to 
£5 per annum. All vacancies are posted among 
the men, and each man has a chance of applying 
for promotion, which is 
decided by seniority and 
merit. When a man is 
promoted to a fresh box, 
ho is allowed a fortnight 
or so in which to learn it 
to the satisfaction of his 
superintendent before tak- 
ing charge. Each signal- 
man is responsible for his 
own block telegraph instru- 
ments, and h^ mat duty 
after signing on in the train 
register book is to satisfy 
himself that all the eloo* 
trioal instruments, signals, 
points, etc., are in good 
working order. An adjust- 
ing apparatus enables him 
to adjust his signal wires Model ( 

lor expansion and contraction from heat or cold 
without leaving his cabin, while the “point 
rod compensator” automatically compensates 
the rods which actuate the points. The signal- 
man is responsible that his signal lamps are 
lighted and extinguished at the regulation hours 
and that they are lighted in foggy weather or 




of noVo^U^Io^ordW to ^ 28 . tbain trip: METBOPOUTAii.i,isTRior railway 

but also according to division. Thus, a third- during falling snow, but the lamps are trimmed, 

class signalman on a principal main line earns more placed in position, lighted, and extinguished 

than a first-class man on a secondary main line. for him by porters or lamp men. A signalman’s 

Signalmen earn from 18s. to 25s. a week, and hours are never longer than twelve, and that 

receive for correct working a bonus of from £2 to only on unimportant branch lines, from eight 

£5 per annum. All vacancies are posted among to ten hours being the rule elsewhere. Where 

the men, and each man has a chance of applying tlie work is heavy more than one man is put in a 

for TkroTnot.ioTi. Tirbinh ia box, and when the tele- 

graph work is heavy a 
telegraphist also is allowed. 
Tho stationmaster super- 
vises the duties of the sig- 
nalmen at his station, and 
must frequently visit the 
signal-boxes for the pur- 
pose. Every signalman h 
examined from time to time 
in all emergency working 
by his stationmaster and 
ins^ctor. 

Department of the 
Signal Engineer. 

When men are promoted 
from being signalmen, they 
usually go to the traffic 

24. a.w.B. SCHOOL OP siQNALLma department, becoming plat- 

to adjust his signal wires Model of Junction form inspectors and rising 

lor expansion and contraction from heat or cold to district traffic inspectors. The maintenance 
without leaving his cabin, while the “point of the complicated array of signals, interlocking 
rod compensator ” automatically compensates apparatus, and electrical instruments is a work 
the rods which actuate the points. The signal- of great magnitude. It is entrusted to a signal 
man is responsible that his signal lamps are engineering department, which has nothing to 
lighted and extinguished at the regulation hours do with the training of signalmen or manning 
miJ that they are lighted in foggy weather or of the boxes. The work of the department 

- divided into a mechanical and electrical 

side. To begin at the bottom, there are 
^ signal and telegraph linemen, who are 

responsible for the maintenance of a 
' certain number of boxes, which they visit 

j periodically accordmg to roster. Tho 

_ JJ I signal linemen clean and oil tho fittings 

esbch signal and point, and execute 
any or ma/ 

are allowed to 
tamper with the interlocking apparatus 
or to take in hand any important s 
^ or renewals. Signal fitters come round 

at frequent intervals to overhaul, 
clean the interlocking frames, 
facii^ point locks, etc., while heav}^ 
repairs and renewals are carried out bv 
25. AUTOMATIC roG SYKEN OPEBATED BY THE TRACK CIRCUIT OH oxtra gang attached to each district, 
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in charge of a responsible foreman. The Mechanica 
telegraph linemen, however, are considered great defect i 
competent to overhaul the block tele^aph and signalling rests 
all other electrical instruments, in addition to come on sudde: 
recharging the batteries and mending broken arrive, there is 
circuits. These men maintain the Post Office signals at '' dai 
wires under an agreement between the Post Office sence of a detc 

and the railway company. For 
purposes of maintenance the whole line 
IS ffivided into districts, each of which 
is in charge of both a telegraph and 
signal inspector. A special department 
often exists for carrying out new works, 
under the superintendence of a new 
works inspector, who acts directly 
under the head office. The whole or- 
ganisation of maintenance is vested in 
a managing stall, which comprise eleo^ 
tricians, draughtsmen, assistants, and 
clerks, all of whom are employed under 
the control of the chief of the signall- 
ing department* 

Fog Signals. Some space must 
now be devoted to discussing the pro- 
blem of signalling during foggy weather 
and fallmg snow, in which circum- 
stances all the foregoing arrangements 
may be nullified by reason of the 
impossibility of reading the visual sig- 
nals. A primi^we procedure, still very 
widely practised, consists of posting 
men at the foot of the signal posts, 
where they can see the positions of the 
arms. So long as the ii^al indicates thank 

“ danger,” a fogman must place and coiled 

keep one or two detonators according stabt magaztnb order) 
to rule — if two, ten yards apart — on one lail tremendous blc 

of the line for which the signal is at “ ^nger ” the former dffi 

and exhibit a red hand- signal to the driver Great Western 

of an approaching train When the signal is an arrangemeni 

taken off, he must remove the detonators from electrical, whic] 

the rail, and show a green hand-signal. To the difficulties'll 

facilitate the work of the “ foggers,” and reduce The electrical 

the risks of an extremely 

dangerous occupation, it is 
now usual to have miniature 
signals on the ground, which 
either mechanically or elefo- 
trically repeat the indications 
of the real arms ; and, as a 
further safeguard, one com- 
pany at least — the Great 
Eastern — have constructed 
fog-pits between the tracks 
m places where there are 
many lines of way. The 
repeating signals and fogmen 
are stationed in these pits. 

27. I!U!OTErc X^ST^“ CATCHES 
towns a re^lar staff of fog- atus, g.w.r. 

signalmen is employed at all the places where staff or tablet, si 
theii’ services ore required ; elsewhere the ser- the engine drivej 

vices of platelayers are requisitioned, A list his an^oritytoo 

of the names and addresses of the fog-signal- andB. On reach! 

men, showing the post to which each man is receives another 

appointed, is exhibited in the stationmaster’s to the road betwe 

toffice and signal-box. desired numbers, 



Mechanical Si^nallins* The 

great defect in the foregoing system of fog- 
signalling rests on the fact that fogs often 
come on suddenly, when, until the “loggers” 
arrive, there is the risk of drivers miming past 
signals at “ danger,” wffich, owing to the ab- 
sence of a detonator warning, they believe to 
be all right. Inventors have been 
busy in seeking a solution of tihiis 
problem for many years, and patents 
innumerable have been filed on me sub- 
ject. Some of them would substitute 
a meohanioal for a human arm in plac- 
ing detonators on the rail, TOich 
mechanical arm could be fed from a 
magazine and operated from a signal- 
box. Others would fix a lever along- 
side the rails, so that while the signal 
is at “ danger ” it would engage with 
another arm projecting from the loco- 
motive, and then produce some audible 
or visual indication, which could not 
fail to be heard or seen by the men on 
the footplate. But the weak point of 
any such system is sufficiently obvious. 
The force of the blow would be so 
great that with constant use the trig- 
gers would be liable to get thrown out 
of gear ; while again, the triggers might 
become clogged with snow, ioe, or dirt. 
Nevertheless, there is in use on the 
Great Northern Railway, at Doncaster, 
THOMPSON fjooker trigger apparatus which, 
thanks to an arrangement of doublo- 
coiled finprings (with coils in reversed 
order) that distribute the force of the 
tremendous blow, claims to have surmounted 
the former difficulty at least. Further, the 
Great Western Railway is experimenting with 
an arrangement, portly mechanical and partly 
electrical, which claims to have overcome all 
the difficulties' hitherto experienced. 

The electrical track circuit, as employed for 
the purposes of automatic sig- 
nalling [ 26 ], is another solu- 
tion of the problem. Several 
inventors have demonstrated 
their ability to establish elec 
trical communication between 
the signals and engme of an 
approaching train, vi& the 
track, and so to give audible or 
visual mdications of “dan- 
ger “ in the “ cab ” of the 
locomotive itself. 

Staff and Tablet 
WorKIng. The regulation 
of the traffic on single-lme 
railways is accomplished 
. Q _ either by an electrical train 

' ’ * staff or tablet apparatus. A 

staff or tablet, suitably inscribed, is delivered to 
the engine driver at station ^ and constitutes 
his authority to occupy the main track between A 
and B. On reaching B, he surrenders the tally, and 
receives another one, which gives him the right 
to the road between B and C. The tallies, in any 
desired numbers, are kept at each of the two 
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stations, and are locked in a cabinet^ automati- 
cally controlled through electromagnets by an 
apparatus in the cabinet at the other station. 
j!md a staff or tablet being taken out at one 
station, a second one cannot be taken out at 
either station until this first one 
has been returned to the magazine 
at one station or the other. Thus, 
to get two trains in the same sec- 
tion at the same time is impos- 
sible. One line wire is sufficient 
for all purposes — namely, operat- 
^ ing the staff or tablet instruments 
[28], giving code signals on bell, 
and for telephonic communica- 
tion. When it is required to work 
permissively a single line equipped 
with the staff apparatus tlie follow- 
ing method can be adopted with 
perfect safety. Each staff can be 
made up of three portions coloured 
distinctively. The end portions, 
coloured rea and blue respectively, 
are denoted as “ tickets ; ” while 
the centre and fundamental por- 
tion, coloured yellow, is called “ staff.” When 
it is desired to Wmd three following trains from 
station A to station B, an entire staff is with- 
drawn from a magazine in the ordinary manner, 
Ihe first and second driver each take a ticket, 
and see the staff. The 
third driver will take the 
staff. It is physically im- 
possible to replace the 
staff in either instrument 
until the three portions 
are screwed together, and 
until this is done both 
instruments remain 
locked. 

Exchanging Ap- 
paratus. On some 
lines, in order to avoid 
stopping at stations to 
discard one tally and 
pickup another, what are 
called staff “ catchers.” 
or tablet “ snappers,” 
are employed. A 
“ catcher ” [27] usually 
denotes an apparatus for 
exchanging the full-sized 
staff instruments, which 
are especially equipped 
with ring-handles. It is 
a very simple contriv- 
ance. By the side of the 
line is fixed a post, with 
an arm projecting to the 
driver, and shaped to re- 
ceive the staff for the 
potion the train has 
just passed through. A 
driver hangs the staff by its handle on to this 
arm, which projects from a leather padded target, 
in order to absorb the force of the blow. A few 
yards farther on is another post with a pocket 
into which is placed the staff for the section in 


advance. The driver plucks out his staff as hef 
peusses the post. At night the target-arm and 
fresh staff are made prominent by means of 
lamps, carried on a separate post in the case of 
the former, and bracketed to the second staff 
post. With this exchanging con- 
trivance a train need slow down. 
to only about 20 miles per hour. 

It has long been customary to 
exchange electrical train tablets, 
which are small discs looking lik(» 
quoits, at higher speeds by hand. 
The tablets are placed in pouolu s 
furnished with wire hoops, and 
through the latter the driver and 
signalman respectively thrust 
their arms as the train speeds 
by But the practice is a some- 
what risky one, hence several 
automatic tablet exchangers or 
“snappers” have been devised. 

Whitaker’s Tablet Ex- 
changer. A very ingenious 
“exchanger” [28] has recently 
been invented by Mr. A. Whitaker, 
and is in use on the Somei set and Dorset Railway. 
.The locomotive tender is equipped with a 

catcher which slides in and out in a bracket, and 
is thrown out when it is required either to catch 
or discard a tablet. The aluminium tablets 

are placed in leather 
pouches furnished with 
rings. By the side of the 
track are placed columns 
having one or two dif- 
ferent kinds of arms, ac- 
cording to whether the 
column in question is 
for setting (lo^vn, picking 
up, or exchanging tab- 
lets. If the last-named, 
two arms are necessary, 
tlie upper one being tlu* 
setting down arm, and a 
replica of the fish-tailed 
catcher on the tendei’, 
the jaws of which hav^e 
three triggers. A tabl(‘t 
to be discarded is carri(*d 
in a slot at the back of 
the tender catcher, and 
is snapped off by the ring 
passing through the jaw s 
of the catcher by the side 
of the track, while a 
tablet to be picked up 
is hung from its ring on 
another arm, and snap- 
ped up by the tender 
catcher. The arms nor- 
mally stand in— that is, 
are parallel with the 
track, and when to Ik‘ 
used are thrown out by levers. An outstanding 
feature of the apparatus is, however, the auto- 
matic return of the arms to the normal position 
directly the process has been effected. Other- 
wise, the fact of the arms being left to project 
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Special apparatus 



29. Whitaker’s combined tablet or 
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diagonally bo close to a train would be attended 
with serious risks. The “ snapper ” performs its 
work at a speed of sixty miles per hour. 

In one particular instcmce, however, it was not 
found practicable to place a receiver by the side 
of the track ; it had to be located in the sixdeet 
way, thus necessitating a special design. With 
this type of receiver the arm is set vertically 
[28] for an approaching train, and drops down 
vertically — backwards — instead of revolving 
horizontally, directly the catch off the tender 
is effected. 

In many cases, by the use of electrical train 
staff and tablet instruments, together with 
exchanging apparatus, the facilities for working 
the traffic are so improved that the doubling of 
single lines and the consequent capital expen- 
diture may be postponed for years. 


gradually evolved from the hand-operated screw 
brake that formed the earliest method of 
retarding the motion of trains. 

The ^is of a continuous automatic power 
brake is an apparatus fitted to each wheel of 
every vehicle composing a train, so that every 
engine, tender, and vehicle has its own store of 
brake force ready for instant use, while its action 
is such that if evenr or any coupling in the train 
separate, the braxe of each vehicle is auto- 
matically and instantaneously applied. The 
brake is capable of application by the engine- 
driver and by any of the guards. 

Unfortunately, British railways have been 
unable to agree upon uniformity of brake system. 
At the present day 59 companies are returned 
as using the automatic vacuum, and 17 com- 
panies Westinghouse automatic air brake. 



80. OBDINABY VACUUM AUTOMATIC BBAKB 


Railway BraKaa. A fact little realised 
by ordinary railway passengers is that the 
attainment of the present high spe^ of our 
trains was made possible only by inventions 
of suitable means of controlling them. In 
itself, the ability of trains to travel at high 
speed would have been not only a useless 
but a dsmgerous thing had it not ^^n accom- 
panied by such improvements in railway brakes 
as enabled drivers and guards to control the 
tremendous energy set up by heavy trains travel- 
ling at high velocities. 

The history of railway brakes is a long and 
complicated one, which cannot be related here. 
Suffice it to say that the continuous automatic 
power brake, the compulsory equipment of 
which to ail passenger trains was brought about 
by the i^ilway Relation Act of 1889, was 
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The •• Ordinary ” Vacuum Automatic 
Bratie. This brake stops the train by the appli- 
cation of brake blocks to the tyres [88] in the same 
way as the ordinary hand brake. The levers, how- 
ever, which apply the blocks are moved by a piston 
working in a cylinder, the piston deriving its 
power from the pressure of the atmosphere. It 
is continuous, each vehicle carrying its own brake 
cylinder, which is connected to a pipe running 
from end to end of the train, and through this 
pipe the action of the brake cylinders is con- 
trolled on the engine. A combination ejector, 
consisting of two ejectors known as the “ large ” 
and the “ small ” — the latter being placed inside 
the former, and worked continuously, while the 
“ large ” is worked by the admission of steam — 
exhausts the air out of the continuous pipe and 
the cylinders. The brake is applied by the 
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admission of air into the train pipe, and released 
by the withdrawal of the same through the 
ejector. 

The engine having been coupled to the train, 
and the hose couplings connected between the 
tender and train, and also between the coachen, 
and the one at the end of the train having been 
placed upon the plug, 
the driver admits steam 
to the small ejector, 
which soon exhausts the 
train pipe and cylinders 
to a vacuum of from 20 
in. to 24 in,, or the large 
ejector may be used if 
the vacuum is required 
to be obtained more 
rapidly. The small ejec- 
tor must be kept at 81. vacuum brake, “on” 
work continuously to 

maintain the vacuum. To apply the brake, the 
driver moves the handle of the combination ejec- 
tor in the direction marked “ On,” thus admitting 
air to the train pipe and to the bottom of each 
cylinder, which lifts the pistons and so pulls the 



vacuum, say from 5 in. to 10 in., which should be 
recreated slowly as the train comes to rest by 
placing the handle in ‘‘ Running Position.” To 
apply the brake quickly the handle must be 
moved to the position marked “ On,” thus fully 
opening the air valve. The guard can apply the 
brake by pressing down the handle of hi"^ valve, 
the “ brake setter- valve,” 
thus admitting air and 
applying the brake 
throughout the train, 
which it will stop even if 
the engine remain under 
full steam. When a rapid 
application is made by 
the di’iVer, the guard’s 
valve opens automat- 
ically, letting in air from 
32.VACITITM BRAKE, “off” the Van, thus increasing 
the rapidity of applica- 
tion, and it closes again after the brake has been 
fully applied. 

Arrangement of Brake Cylinder 
and Vacuum Chamber. The brake cylin- 
der and vacuum chamber is shown in section in 



blocks to the wheels. The air cannot pass to 80, self-contained in the vacuum chamber as ap- 
the top of the piston, as it is prevented by the plied to carriages, and is the only fitting required. 



33. AUTOMATIC VACUUM BRAKE AND CONNECTIONS ON ENGINE AND TENDER* 

A. Steam screw -stop V ah c b Combination eiei tor (. Brake (> Imdcr d. Ball \alvc R. Drip trap l Hose inpe and coupling 
0 . \ acmim ganne ii. Tiuin pipe i V acunm chamber 


ball in the ball valve. The power of the appli- 
cation is controlled by the amount of air let 
into the continuous pipe. 

To release the brake, the handle must be 
returned to “ Running Position,” when the air let 
in to apply the brake will be removed through the 


small ejector ; or it 
may be released 
more quickly 
by pushing the 
handle in the 
direction marked 
“ Off,” and so ad- 
mitting steam to 
the large ejector. 
The brake having 
been applied, the 
pressure of the 
blocks on the 



84. NORMAL POSITION OFR4P1D- 
ACTING VALVE 


wheels may be increased or diminished at pleasure 
without removing them, and also without reduc- 
ing the full reserve power of the brake, which is 
always at command for an emergency stop. 
Ordinary stops should not be made by a violent 
application of the brake, but by a destruction of 


and the cylinder, making a perfect packing with- 
out friction. The piston-rod is coated with brass 
and works through a brass bush, and a packing 
rubber prevents air from passing the rod. This 
rod should be kept clean by wiping with a dry 
cloth, but no oil or grease must ever be used. At 

the bottom of the 

tached the ball 
valve, the branch 
of which is con- 
{(\U ^ P nected by a small 

i train pipe. This 

\V y valve 18 of the 

most simple con- 
35. RAPID-ACTING VALVE «truction, as thei« 

OPENED AND BRAKE APPLIED ^nly one mov- 
ing piece, and 
that being a small brass ball, having a rolling ac- 
tion in a horizontal position, has consequently no 
friction. The spindle with release lever is added 
for the purpose of withdrawing the ball from its 
seat when it is required to release the brake by 
hand — for instance, when coaches are detached 
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from the engine. This spindle is made air-tight 
by a small diaphragm, the pressure on which 
when a vacuum is created pulls in the spindle 
and allows the ball to go freely to its seat. 

The action of the cylinder is as follows. 
The air is drawn out through the train pipe from 
the bottom of the piston direct, and from the 
top by passing the ball. To apply the brake, 
the air is let into the train pipe, and it then 
passes to the under side of the piston, and, being 
prevented from entering to the top by the ball, 
lifts the piston, and so applies the brakes with 
any amount of force according to the quantity of 
air let in. Fig. 81 shows “ Brake on,” and 82 
shows “ Brake ofiE,” 

A drip trap is placed on the train pipe at the 
bottom of the down pipe from the ejector so that 
any moisture will drain into it. It is fitted at the 
bottom with a self-acting ball valve, which opens 
when all the vacuum in the train pipe is 
destroyed and allows the water which may 
have collected to run out. 

Before starting, the driver must see that the 
gauge indicates at least 18 in. of vacuum, and that 
not leas than this amount is maintained during 


to the train pipe, and the area' of the passage 
around the peg, C, is proportioned so thaftr it 
will allow the necessary amount of air ta enter 
the brake cylinder, and so obtain a simultaneous 
action of the brake on every vehicle throughout 
the train. 

Westinghouse Automatic Air Brake. 

Air pressure is the power employed for work- 
ing the Westinghouse brake. Each locomotive 
carries its own air compressor, which is driven 
by the steam from the boiler of the engine, and 
compresses air to a pressure of about 80 or 85 lb. 
to the square inch, or, in the case of the quick 
acting brake, to 90 or 95 lb. When the locomo- 
tive is coupled to the train this compressed air, 
with which the main reservoir has been charged, 
is turned on to the main pipe running through 
hose coupling the whole length of the train, and 
thence tlu*ough branch pipes leading to auxiliary 
reservoirs carried by each carriage. Thus, when 
•the train is ready to start, the whole system of 
reservoirs and pipes is charged with an equal 
pressure of air, which is ready at any moment 
to act instantaneously upon the brakes by means 
of a device known as the triple valve. The 


the journey and while 
standing at stations. The 
vacuum is created by 
admitting steam to the 
small ejector ^ y means 
of the steam cock on the 
combination ejector. The 
guard also must see by 
the gauge in his van that 
the proper amount of 
vacuum is maintained, 
or report otherwise to 
the driver. 

Ra pid - acting 
Vacuum Brake. 
Tlie rapid- acting vacuum 
brake — which can be 
used either as a “rapid- 
acting ” or an “ ordinary ” 



86. WESTINGHOUSE QUIOK-AOTING BRAKE. 
TARTS APPLIED TO LOCOMOTIVES ONLY 


following advantages 
and principles of opera- 
tion are secured by this 
method of employing 
compressed air: (l)The 
power is continuous 
throughout the whole 
length of the train and 
can be applied to all 
vehicles either by the 
driver from the engine 
or by the guard from 
any part of the train 
(2) The action is auto- 
matic, instantaneous, 
and simultaneous. It 
applies itself with full 
force to every vehicle 
should the tram sepa- 


vacuum automatic brake — consists of the 
addition of a rapid- acting valve. This appliance 
is mounted on the train pipe as near as possible 
to the brake cylinder, and is connected to the 
latter by the usual flexible hose. 

The normal or “ running ” position is shown 
in 34. A vacuum is maintained on the under- 
side of the valve, A, and the top side of the 
diaphragm, B, the atmospheric pressure being 
free to act on the top side of the valve. A, and 
the under side of the diaphragm, B ; but on 
account of an excess of pressure the valve, A, 
IS held tight upon its seating. 

When a rapid action of the brake is required, 
air is suddenly admitted to the train pipe and 
thus to the under side of the valve. A, then the 


rate or should a rupture of a vital part of the 
apparatus occur. (3) The brakes are applied 
by a reduction of air pressure, purposely or 
accidentally produced. (4) The brakes are 
released by an increase of air pressure which can 
be produced by the driver only by means of the 
air compressor on the engine. 

We shall now proceed to describe in detail 
the operation of the Westinghouse quick- 
acting brake, references being made to the 
accompanying figures [86 — 88J shoumg sections 
of the various parts. 

Parts Applied to Locomotives. Every 
engine is fitted with the followmg parts [86] : 

The steam air pumpt A, B, which compresseN 
the air ; its steam cock, P ; and lubricator, O. 


pressure acting on the under side of the diaphragm, 
B, is sufficient to cause it to lift the valve, A, and 
allow air to pass full bore both to the brake 
cylinder and to the train pipe, as shown by 85. 
Immediately the brake is “ full on ” the valve 


A main reservoir, C, for storing the air neces- 
sary for releasing the brakes and recharging the 
auxiliary reservoirs. 

A driver's brake valve, D, which regulates 
the flow of air from the main reservoir into the 


falls to its normal position by gravity. brake pipe for charging the train and releasing 

To obtain a graduated application of the the brakes, and from the brake pipe to the 
brake, air in moderate quantities is admitted atmosphere for applying the brakes. 
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Parte Applied to Tendere, Carriagee, 

mnd Vans. A triple valve^ F, by means of 
which the instantaneous action is produced, in 
conjunction with a reservoir, G, in which is stored 
the compressed air for applying the brakes, 

A brake cylinder, H, with pistons and rods 
connected to the brake levers and blocks. 

A single line of pipe, E, called the brake 
pipe, extending the whole length of the train. 

E^h van has a valve or cock, T, connected to 
the brake pipe, and a gauge, S, to indicate the 
pressure of air. By 
opening his valve a 
guard can stop the train, 
even against the will of 
the driver, if necessary. 

Operation of 
Brake. The pump 
[36] being started by 
opening the steam cock, 

P, and admitting steam 
to the cylinder, air is 
forced from the cylinder, 

B, into the main reser- 
voir, C, which is con- 
nected to the driver's 
brake valve, D. 

When a train is to be 
charged — the hose coup- 
lings between the carriages having been united 
and the engine connected to the train — the 
compressed air stored in the main reservoir, 0, 
is turned into the brake valve over to the left. 
It then fills the brake pipe, and flows through 
the branch pipe on the engine and tender and 
each vehicle to the triple valve, F [37], thence 
by a groove, and past a piston into a V' lervoir, G, 
where it remains until the brake has to be 
applied. Uniform air pressure then exists 
throughout the train, except in the brake 
cylinders, H, the brakes being off; and the 
pressure jper square inch is shown on the gauge, 
L, connected to the brake pipe. 

So long as this pressure is maintained the 
brakes are kept off, as the passage from each 
reservoir to its cylinder remains closed by the 
slide valve ; but letting the air escape from the 
brake pipe causes the triple valve pistons and 
slide valves to move towards the left and to 
uncover the passages to the cylinders. The air 
stored in the small reservoirs, G, then flows into 
the cylinders, H, and forces out the brake pistons 
and rods, thus applying the brakes. From the 
foregoinjg it will be seen that the driver can, 
by turning the handle of his brake valve, reduce 
the pressure in the brake pipe, and thus apply 
all the brakes. 

Releasing the Brake. The brakes are 
taken off by reopening the passage from the 
main reservoir, through the driver’s valve, 
and thus restoring the pressure in the brake 
pipe ; this moves the triple valve pistons 
towards the right with their slide valves, 
and places the cylinders, H, in communication 
with the atmosphere by means of the exhaust 
cavity in each of the valves ; the air used in 
the cylinders is thus allowed to escape, and 


the brake pistons and rods are pushed back to 
their places by springs inside the cylinders. 

The driver’s valve, D, shown in the diagram 
[36] is of the improved construotion,with equalis- 
ing arrangement. A small reservoir, U, is coupled 
to the nipple on the left of this brake valve. 

Emergency Slope. The description so 
far explains the ordinary use of the brake. In 
an emergency, when the shortest stop possible 
is required, the brake valve handle should be 
thrown full over to the right, which movement 
lets out the air quicklj^ 
from the train pipe. 
This sudden reduction 
of pressure makes the 
first triple piston and 
slide move the full 
stroke, with the effect 
that some of the air 
from the train pipe, 
together with the air 
from the reservoir, 
asses direct to the 
rake cylinder, H. The 
reduction thus made 
in the train pipe helps 
the next triple valve to 
start, and so on to the 
end of the train. This 
action is so rapid that the brake is actuated by 
the driver in seconds to the end of a train 
of 50 vehicles, not less than 1,500 ft. long. 

The release of the brakes is made as previously 
described. The triple valve cock plug [37] and 
handle, Z, have three positions. When the 
handle is down, the triple will be in ordinary 
or quick action ; when halfway, it is cut out ; 
and when right up, in ordinary action only. 

The ordinary Westinghouse brake, which 
works on the same principle but carries a simpler 
form of triple valve, is used where emergency 
short stops are not likely to be required. 
The h^h-speed broke is an improvement on 
the quick-acting brake, invented in order to 
graduate the high pressure between brake blocks 
and wheels, so that this shall be gradually re- 
duced as the train slowed down, thus preventing 
skidding and undue wearii^ of the wheels. It 
carries a reducing valve, which gradually leduces 
the pressure as the speed decreases. 

Evils of the Dual Brake System. The 
dual bra^e system is a fruitful source of incon- 
venience and additional cost, and sometimes, 
indeed, of danger to the safe working of a train 
as well. All the coaches of e»^ery ^nglo -Scottish 
train have to be equipped with both the vacuum 
and air brakes, because the English companies 
concerned use the former and the Scotch the 
latter. Further, most of the railways are com- 
pelled to have a number of passenger train 
vehicles, such as family saloons, horse boxes, 
carriage tnicks, etc., fitted with both systems of 
automatic brakes for the purpose of working 
through to “ foreign ” lines, while, again, com- 
panies which favour the vacuum brakes are bound 
to keep a number of engines fitted with Westing- 
house apparatus, and vice versa* 
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THE MYSTERY OF SOLUTION 

Properties of Solutions. Colloids and CtTstalloids. Gaseous Ions. 
What We Have Learned and How Far We Have Prog^ressed 


By Dr. C. W. SALEEBY 


THE facts of solution and the facts of double 

* decomposition, when fully considered, lead 
us to revise the idea that the oissociation of the 
electrolyte is due to the passage of electricity 
tlu-ough it. It can be shown, indeed, that the 
electricity is not used up in dissociating the 
molecules of the electrolyse. There is already 
a good deal of freedom amongst the ions of the 
solute, or substance dissolved, even before the 
electric current passes. What the electricity 
does is merely to sort out the ions and force them 
to move against the resistance of the water. 
As to what solution really involves we cannot 
say. The ions of the solute must have relations 
which we cannot define with the molecules of 
the solvent, but they are, at any rate, indepen- 
dent of, or dissociated fr^, each other. 

The dissociation theory does more than give 
us a complete explanation of the eltctri^al 
and osmotic properties of solutions, or at leist 
of aqueous solu.ions. It actually enables us to 
explain, in great degree, the chemical properties 
of such solutions — tmit is to say, it enables us to 
correlate their chemical and their electrical 
properties. The very solutions which exhibit 
the highest chemical activity are solutions of 
electrolytes — salts and acids — and their chemical 
activity is the activity of their ions. There are 
some chemical reactions in which the electric 
charges on the ions seem to be the determining 
factors of the whole process.” 

Colloids and Cry^aHoids. But even 
yet we have not exhausted the chief aspects 
of the subject of solution. We can dis- 
tinguish broadly between two large groups of 
substances. On the one hand, there are those 
which are crystalline in form, like salts in general, 
and for purposes of this comparison such 
bodies are classed as crystalloids. On the other 
hand, there are many bodies, most of them of 
organic origin, such ns white of egg, which are 
not crystalline, or not definitely crystalline, and 
which markedly contrast with the crystalloids 
in respect of certain phyrsical properties. These 
we call colloids, from the Greek kolla, glue, and 
eidos, likeness. The most outstanding distinc- 
tion. perhaps, between these two groups of 
substances is that the crystalloids diffuse rapidly 
through water, whilst the colloids move slowly 
or not at all. 

While the majority of inorganic substances 
are crystalloids, there are many exceptions, 
and under certain definite conditions compounds 
of iron, gold, silver, arsenic, bismuth and 
mercury can be obtained in colloidal form. 
If, now, we take a mixture of crystalloids and 
colloids dissolved in water and place them within 
a parchment or some similar membrane, the 
crystalloids will diffuse through while the colloids 
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are completely arrested. Since the membranes 
of the body are colloidal we can readily guess 
that these facts must be very frequently and very 
importantly illustrated in physiology. In the 
living body, also, important consequences must 
result from the fact that there are two distinct 
classes pf colloids : those — such as gelatin — 
which, when dissolved in water, can be made to 

set ” and afterwards redissolve, and tho'-e 
which, once thrown out of solution, remain 
insoluble. The first class of colloids are said 
merely to set, but the second class to coagulate. 
The firat may be called reversible and the second 
irreversible. 

Our Conception of a Solution. Again, 
wo find that different parts of our subject 
become interwoven with one another. In the 
case of the irreversible or coagulablo colloidh 
we find that their precipitation is greatly aided 
by the addition of the minutest quantities of the 
solution of a salt or other electrolyte, and, further- 
more, it has been lately shown that the coagula- 
tive power of the electrolyte has a definite 
relation tc the valency of its basic or metallic ion. 

We are now able, perhaps, to form some kind of 
picture of a solution in terms of the dissociation 
theory. We cannot form any picture of the rela- 
tion of the solute to the solvent, but at least wo 
begin to understand the state of the solute itself. 

Says Mr. Whetham : “ A certain number 

of the dissolved molecules are regarded as 
dissociated into charged ions, which wander, free 
from each other, through the liquid, perhaps by 
successive combinations with solvent molecules 
in their path. When an electric force is applied, 
though still moving sometimes in one direction 
and sometimes in another, the ions on the whole 
drift in the direction indicated by the force, and 
we may therefore imagine that two processions 
of oppositely charged ions pass each other, drift- 
ing in opxKisite directions through the solution. 
When there is no electric force, the ions are sub- 
ject to no steady drift, and must move sometime^i 
in one direction, sometimes m another, as the 
chances of their life direct. Any one ion will 
sometimes be passing from one solvent molecule 
to another, carrying its electric charge with it ; 
sometimes it will come across an ion of the oppo- 
site kind in such a way that combination occurs, 
and, for a time, an electrically neutral molecule 
is formed. By collisions of unusual violence, or 
by other means, this molecule will soon be dis- 
sociated, and its ions again set free from each 
other, to be handed backwards and forv\'ard‘! 
by the solvent molecules as already described.^ 
The Nature of a Nerve Impulse. 
Having framed such a conception, Mr. Whetham 
shows how it is possible to explain the fashion 
in which chemical valency and coagulative 
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power are correlated. A distinguished physi- 
ologist, Mr. W. B. Hardy, F.R.S., has shown how 
electric conditions affect the behaviour of solu- 
tions of colloids ip water. His results seem to 
show that colloid particles can exist in solution 
only when they are electrically cliarged. If the 
experiment is so arranged tW the charge is 
neutralised, coagulation immediately occurs. 
In the case of colloids travelling with the current, 
it is always the acid ion that causes coagulation, 
or, in general, it is the ion possessing a charge 
of opposite kind to that of the colloid particle, 
and therefore neutralising it, which determines 
its coagulation. It seems highly probable, not 
merely, as Mr. Whetham says, that a wave of this 
electrolytic coagulation is the physical accom- 
paniment of a nerve impulse,” but that it admlly 
cmstUvtes the nerve impulse. It need scarcely 
be said that anything which throws light upon 
the nature of a nerve impulse is helping us to 
solve one of the most profound and important 
problems in all science. 

The Nature of a Colloid Solution* 
It has lately been supposed that the peculiar 
behaviour of colloids as distinguished from 
crystalloids in solution is due to the circumstance 
that colloid solutions are not really solutions 
at all. It has been supposed that the colloid 
really exists not truly ^solved in the solvent, 
but merely in the form of solid particles suspended 
in it. Particles of quite appreciable size can 
be detached by various means in some colloidal 
solutions. The question, however, like most of 
the others we are considering, is still under dis- 
cussion. At any rate, it is evident that there 
is some very marked molecular distinction or 
inter-molecular distinction between colloids and 
crystalloids] in general. Now, the molecules of 
colloids are, as a rule, very much larger indeed 
than those of crystalloids. With this in our 
minds we may understand the following distinc- 
tion, as suggested by Mr. Whetham : It seems 
likely that the forces which are involved in cry- 
stalloid solution are of the nature of those classed 
as chemical or molecular, while, when colloids 
dissolve, the actions between solvent and solute 
are- conditioned also by the phenomena studied 
under the names of capillarity and surface ten- 
sion. It is not likely that any sharp line of 
demarcation can be (h”awn ; though as the size 
of the dissolved particles increases, the im- 
lK)rtance of the chemical forces probably 
diminishes, and that of the capillary force 
grows.” 

Gaseous Ions. Having discovered the 
existence of ions in liquid solutions, let us turn 
and see whether any parallel facts can be 
detected in gases. Under ordinary conditions, 
a gas is not a conductor of electricity, and thus 
the leakage of electricity through the air sur- 
roundly a telegraph wire, for instance, is ve^ 
small indeed. An electroscope, however, will 
detect an appreciable amount of such leakage. 
We find, moreover, that under quite a number 
of diffeimt conditioxis gases can be made 
capable of conducting electricity in a marked 
degree. JSome of these conditions may be 
noted. 


The mere heating of a gas may cause it to 
conduct electricity. Recent contact with in- 
candescent metals, the nei^bourhood of flames 
or radium and other radio-active substances, 
and of flowing carbon, the influence of ultra- 
violet light bubbling through water, passage 
over molten phosphorus, the influence of the 
Rontgen rays or the cathode rays — all of these 
agencies have the effect of ionising the gas so 
that it becomes a more or less efficient con- 
ductor of electricity. The term ionisation is 
adopted because we find ourselves justified in 
supposing that the change in condition of a gas, 
whereby it becomes a conductor, depends upon 
the production or presence in it of ions com- 
parable to those first described by Faraday in 
the case of electrolytic solutions. 

What is Gaaeoua Conductivity ? The 
first fiirCt to recognise is that the ionising 
agency produces a change in the gas, which 
persists, more or less, after the agency has been 
withdrawn. These gases coming from a flame 
retain their conductivity for several minutes, 
and furthermore display properties which lead 
us to suppose that the conductivity of the gai, 
is not a mere state of it, but depends upon the 
presence in it of material things. 

For instance, we find that the conductivity of 
the gas is a thing that can have its position 
altered in space. It can be blown about from 
one place to another. On the other hand, again, 
it can be filtered from the gas, so to speak, for 
if we bubble the gas through water or filter it 
through a plug of glass wool the conductivity 
is found to have disappeared. 

A key to the nature of the something which 
is present in the conducting gas is afforaed by 
its behaviour under the influence of an electric 
field, which destroys its conductivity. We 
must suppose, then, that the ionised gas contains 
charged particles perfectly comparable to those 
which we have already studied in the case of 
solutions. These must be both positive and 
negative, since the gas, as a whole, has no 
electric charge. 

Gaseous ions differ in certain ways from the 
ions of an electrolyte. They have only a brief 
persistence after the ionising agency is removed. 
This fact may be explained on the assumption 
that positive and negative ions soon recombine 
with one another, and that they also lose their 
charges by contact with sohcl bodies around 
them. The fact that these ions do not persist 
explains the reason why, in this case, the amount 
of electric current that can be conveyed is not 
proportional, as it is in the case of solutions, to 
the electric force. 

The Speed of Gaeeoue lone. The 

speed with which these ions move has been 
measured in various ways, and is found to be 
very much higher than in the case of the ions 
in an electrolytic solution. “ At atmospheric 
pressure, under a potential gradient of one volt 
per centimetre, the velocities of different ions 
vary from about three-quarters of a centimetre 
per second in the case of carbon dioxide to about 
seven centimetres par second in the case of 
hydrogen. The velocity of the negative ion is 
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in general appreciably greater than that of the 
positive ion, the ratio, unity for carbon dioxide 
rising to r24 for air and oxygen.” 

The velocity of the positive ions is inversely 
proportional, as we might expect, to the pressure 
of the gas. That of the negative ioiw, however, 
increases so rapidly as the pressure* is decreased 
that physicists are now led to believe them to 
possess more complexity of structure at high 
pressures than at low pressures. This is one of 
the keys to the nature of these ions*. 

The Nature of Gaseous Ions. We 
have already satisfied ourselves as to the nature 
of the ions in a liquid. In the case of chloride 
of sodium, for instance, we regarded them as 
consisting of atoms of sodium and chlorine 
respectively. But gaseous ions are different. 
They may be molecular or atomic or sub-atomic ; 
and the conclusion to which we are forced is 
that the last is the true explanation in the case 
of the negative ions. The first difficulty was to 
estimate their dimensions, and the results of 
the experiments which have been made on this 
point lead to the conclusion that the normal 
jiro^ess of gaseous ionisation consists in the 
detachment from an atom of gas of a minute 
particle, called by Professor J. J. Thomson a 
corpuscle. “ At e:^tremely low pressures the 
corpuscle const tutes the negative ion, and the 
atom or molecule from which it has been 
separated forms the positive ion. As the pres- 
sure rises, neutral molecules become attached 
to the ions, probably by virtue of the electric 
forces, and collect round the original ion, which 
constitutes the nucleus, l^hese complex systems 
form the ions of gases at atmospheric pressuies.” 

Thus we have reached the admirable result 
that the negative ions of a gas at low pressures 
are none other than the corpuscles or electrons 
of which we have heard so much in this and its 
companion course. The conclusion is verified 
'when we attempt to estimate the absolute mass 
of these ions and discover that it corresponds to 
the mass of electrons as ascertained in other ways. 

Large Gaseous Ions. We have seen 
that at atmospheric pressures and the like 
ions may be of very considerable size — much 
larger indeed than molecules, Mr. C. T B. 
Wilson, a distinguished worker at the Cavendish 
Laboratory, has been enabled to demonstrate 
to the eye the existence Of these large ions by 
means of some very striking experiments. It 
has long been known that the condensation of 
drops of water in the air is very greatly aided by 
the presence of particles of dust, which form 
nuclei around which the water can condense. 
What Mr. Wilson did, then, was to obtain air 
containing an abundance of water vapour, but 
piactically destitute of all dust. In such air 
sudden cooling consequently yields scarcely any 
drops of waW. Precisely the same conditions, 
however, yield a dense cloud of drops, which 
can be readily seen, if the air has first been 
%QtUssd. The explanation of this is that the 
ionimtion has consisted in the production of a 
number of particles of greater than molecular size 
whi(ffit just like particles of dust, act as nuclei 


for the condensation of the water vapour. Mr. 
Wilson’s work has enabled Professor Thomson 
to study the amount of the electric charge upon 
a gaseous ion. We can measure the current 
conveyed through a gas, and we know’ that its 
amount must depend upon (1) the number of 
the ions, (2) their velocity, and (3) the quantity 
of the charge upon each. Mr. Wilson’s method 
enables us to ascertain the number of the ions, 
and since the other factors can also be estimated 
the amount of their charge is revealed. It is 
probably identical with the ionic charge in the 
case of liquid electrolysis. 

Poaitive Iona. " Having recognised the 
vastly important conclusion that the negative 
ions of a gas are none other than our old friends 
the electrons, let us consider more carefully the 
positive ions. Very striking indeed are some 
of the fashions in which they can be produced. 
The mere heating of a platinum wire, for instance, 
causes it to emit positive ions. These are 
various in size, some consisting, perhaps, of 
molecules of the gas surrounding the wire, and 
some consisting of molecules of platinum. Vlien 
the wire is made hotter and hotter, however, 
negative rather than positive ions are given out. 
In general, low temperature and high pressure 
favour the production of positive ions, w’hile 
the reverse conditions favour the production 
of negative ions. 

But platinum is not exceptional in this 
respect. Other metals behave similarly, and so 
does sodium vapour. Indeed, solid electrically- 
charged matter is given out by all kinds of sub- 
stances when their temperature is sufficienthf 
high. Carbon is noteworthy in this respect. 
These facts arc of general physical interest, 
evidently, but they are also of remarkable 
interest in relation to some of the greatest of 
cosmic phenomena. Glow’ing carbon abounds in 
the envelope of the sun, and this must constantly 
emit corpuscles, leaving a positive charge upon 
the sun. If, then, the temperature of the sun 
be locally raised, as must undoubtedly often 
happen, a stream of corpuscles must be rapidly 
I hot out from the sun in all directions. Th(‘ir 
impact upon our atmosphere at these high 
upeed-i will suffice to make certain of its gases 
luminous ; and this, as we have already briefly 
noted elsewhere, is thought by Arrhenius to 
explain the phenomena of the Aurora Borealis. 

Electricity in Solids. We have to 
conceive, then, of the passage of an electric 
current through liquids and through gases as not 
a continuous but a particulate affair, the elec- 
tricity being handed on in units by means of the 
material motion of the particles composing the 
liquid or the gas. The same conclusion has to 
be reached when we consider the passage of 
electricity through solids ; so much the w orse, 
perhaps, for our conventional notion of the con- 
stitution of a solid ! It is far less solid than w e 
have thought. Indeed, the conduction of elec- 
tricity through a metal must really be conceived 
no longer as conduction at all but as convection. 
The reader will remember the contrasting use of 
these tw^o words in our study of Heat. 
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By JOSEPH 

in other branches of engineering practice, 
each great class or group of measuring tool has 
given birth to numerous variations in form. Rules, 
calipers, gauges, and the rest, each number scores 
of kinds, so that exact definition becomes necessarv 
in mentioning any one of these articles. With 
increasing dift^rentiation and growing complexity 
the ^ork of manufacture has become highly 
specialised in the hands of various firms, some of 
whom now limit their productions to a few kinds of 
articles only. 

The chief difficulties inseparable from the 
measuring tools are two in number — that of accuracy 
of manufacture, and that of its preservation in 
service. These two matters have engaged the best 
faculties and labours both of mathematicians and 
mechanics, and the men who measime and test in 
the shops owe more than they suspect to others 
who have originated methods of measurement and 
test, and produced instruments of precision. . Few 
men who handle a pair of gauges at the lathe, or 
planer, or bench, or who cut a screw thread and 
measure it with a micrometer or gauge, suspect 
how much of history lies behind those simple 
instruments — history which we do not propose to 
consider. At present we are concerned more with 
the application of old principles to new' tools. 

The Main Divisions. The t^pls used for 
measurement may be conveniently d^.ided into 
two very broad groups, in which, as we might 
suspect, there is some slight overlapping. One 
inemdes the tools employed for marking out or 
settling dimensions directly, with reference to 
absolute dimensions. To this group belong the 
rules, scales, compasses, dividers, and allied forms. 
The other embraces those which ore employed for 
measuring or checking by the contact of rigid parts, 
possessing a certain degree of known accuracy. In 
this great group are included all kinds of gauges, 
besides straightedges, squares, levels, bevels, etc. 
Some of these are, however, used also for marking 
out and checking. And the gauges are all derived 
originally from the absolute measurements of the 
rule. Thus, one group of measuring instruments is 
adjustable, while the other is not. In the movable 
group, dimensions are taken by inspection, and in the 
fixed group by the sense of touch or contact. This 
is a most imjiortant difference, for although the 
latter might seem to be the most accurate possible, 
yet it is not so in fact. It is the most sensitive, but 
the finest measurements ultimately have to be 
referred to micrometric divisions, notwithstanding 
that the sense of touch is capable of detecting 
'differences as minute as any measuring machines 
will indicate. 

There is therefore a fundamental difference 
between measurements taken by the divisions on a 
rule and those taken by fixed and unalterable gau^s. 
The first is the older, the second is the modem. The 
first is lessening, the second grows, until in some 
depa^ments of modern machme shops a common 
l•u^e is rarely used or seen. If this rule is employed 
for some detailg, it is only for comparatively rough 
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measurements, and not for really accurate w'ork. 
For no two persons can take a measurement 
precisely alike with a rule, because the sense of 
sight alone is trusted, and this is deceptive. He is a 
very accurate workman who can read within a 
hundredth part of an inch from a rule, and this is a 
very coarse dimension. Further, it is obvious that 
there is very much of measureinent W'hich cannot 
be taken with a rule at all. A rule is adapted for 
taking a dimension only along a plane external 
surface. Cylindrical and spherical surfaces, the 
dimensions of irregular outlines, the mutual coinci- 
dence of any portions of work which have to fit 
one another perfectly, without being tight on the 
one hand or sloppy on the other ; the accuracy of 
screw threads, and much more of a kindred character 
cannot be determined with a rule. In all modem 
workshops, therefore, the tendency is more and' 
more towards the abolition of the rule for all except 
the very roughest work, and the substitution of 
various gauges in its place. 

Standards. The qxiestiou of standards does 
not much concern the workman, although it is of 
first importance to the manufacturer. We have 
travellca far since the barleycorn, the cubit, the 
length of the foot, the hand breadth, and so on 
were standards suited to the needs of agiicultural 
folks. Accurate measurement became possible only 
when a national standard of length was fixed, 
using a bar of metal of a definite material, which 
had a definite length at a definite temperature. 
Such is the national British standard preserved 
in the Houses of Parliament. 

The present English standard dates from 1824, 
when the yard bar made by Bird in 1760 was 
legalised. But that bar was destroyed by the fire in 
the Houses of Parliament in 1834, and a new one was 
made from five existing copies. It is termed 
“ Bronze No. 1,” kept in the Houses of Parliament. 
About forty-four copies were made in bronze and 
distributed among various public bodies, and these 
are the standards from which manufacturers have 
made their own standards for private use. The 
story of these bars is an interesting chajiter in the 
history of manufacture. Their accuracy at a 
definite temperature lies within a few millionths of 
an inch of absolute dimensions. They are never 
touched for the purpose of making copies from them, 
and many precautions are taken to jirevent alteration 
in the length, and flexure. The metric standards, 
which are based upon the supposed length of a 
ten-millionth part of an arc of the earth’s meridian, 
have no virtue by reason of being based upon a 
natural measurement, even supjiosing the length 
taken were correct, which it is not. There is no 
need to seek a standard in reference to any natural 
dimension. The important jioint is to have a 
recognised standard which can be easily verified 
at any time, and this the British standard affords. 

But to have such a standard is one thing, its 
application to the varied requirements of engineers 
and those engaged in constructive work is another. 
When the first standard was made a centurj^ and a 
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half ago th^ methods of measurement in use were 
utterly crude and coarse by comparison with those 
of the present day. The 2-ft. rule and the common 
calipers were the measuring instruments chief y 
employed. Those were the cmys when large screws 
were cut by chipping and filing, when small ones 
were cut with solid dies, when cylinders were 
ground out and not bored, when no standard screw 
threads were in existence, when there were no 
planing machines or shapers, no gauges, no milling, 
or machine grinding, and when in. and in. 
were fine dimensions. 

Tlie era of modern accurate measurement began 
with Whitworth, but its development has far ex- 
ceeded anything which his most sanguine visions 
could have anticipated. Yet in showing that the 
most refined and accurate measurements must rely 
on the sense of touch and not on that of sight for 
their appreciation, and that for definite measure* 
ments to be read off they must be read in degrees of 
revolution of a micrometer screw, he pointed the 
way to all subsequent improvements in measuring 
instruments. His plug and ring gauges, and his 
famous measuring machine embodied these prin- 
ciples, and were the precursors of other contact 
gauges of special types, and of special measuring 
instruments, and micrometer calipers. 

Intermediate Standards. The methods 
by wliich dimensions are transferred from the 
original standards to the intermediate ones, or 
copies, are too abstruse for a brief description here. 
It must suffioe to say that no instruments of 
moasurenw it are ever permitted to be brought into 
actual contact with the original standards, because 
that would involve wear. Lengths are therefore 
transferred by means of microscopic readings from 
line divisions, and by means of light reflectors from 
end measures. The intermediate standards which 
are mode and kept for reference in manufactoriw 
generally take the form of gauges — that is, instead of 
having a yard bar, or a metre bar, subdivided into 
lines, a gauge bar or some one of the numerous 
types of gauges, each of which gives an end measure- 
ment only, estimated by contact and touch, is used. 
For obvious reasons these are more trustworthy in the 
hands of workmen than the fine divisions on a stand- 
ard rule would be, because the former can l>e felt, 
while in the reading of the latter errors will arise, 
and a vastly larger time would be occupied in the 
latter than in the former. When it is necessary to 
determine exact line measurements in a modern 
shop, in order either to test a gauge, or to ascertain 
or to work to an odd dimension for which there is no 
gauge made, then the micrometer caliper is used 
for small dimensions, or the measuring machine for 
larger ones. Each of these types is the offspring 
of Sir doseph Whitworth’s millionth of an inch 
measuring machine. 

The Rule. We begin our description of 
the working instruments of measurement with 
the rule. This is made for reading direct measure- 
ments as estimated by the eye, and for taking 
dimensions from with compasses and similar 
tools. The foi'ins of rules vary with the require- 
ments of many trades. Those of wood are used 
chiefly by the woodworking crafts, but metal ones 
mostly by metal-workers, who are partial to the 
short rules of 4 in., G in., and 12 in. in length, 
which can be carried in the pocket. Folding rules 
are not used when very accurate results are desired. 
The paduations on rules are marked generally, 
though not invariably, on both sides, and only some 
of the >divisions of inches are finely sub- 

divided. X4hrge numbers of fine divisions and of 


fancy divisions are confusing. Only those in 
frequent use need be given, as ^ in., or in.; 

in., ^ in., and in. are less often wanted. 
a" small, separate rule may be kept with these divi- 
sions on, and a separate rule for decimal, and for 
metric divisions. Many rules axe made specially 
narrow to go into confined spaces; others are 
made flexible to bend round curves. Rules are often 
combined with squares, the blade being graduated. 
In doing accurate work measurement should not 
be taken from the end, because that is subject to 
wear. It is better to start from one of the inch 
divisions and read. 

Tapes» Rods, and Scales. Tapes arc 
flexible rules, convenient when lengths of many feet 
have to be measured. They are indispensable to 
land surveyors and builders, and to a limited 
extent are used by engineers for measuring large 
circumferences and laying out long dimensions. 
But they are not accurate enough for very precise 
work, because their length varies with alterations in 
tcm|ierature, and, moreover, they can be stretched 
by a pull. For accurate lining out, rigid rods of 
yellow pine, about 2 in. square in section, and 
properly seasoned, are used and divided off into 
feet and the coarser subdivisions on a length of 
from 5 ft. to 10 ft., the ends projecting an inch or 
two beyond the neat lengths. Then a brass rule, 
finely divided, is sunk into the first foot division. 
End measurements are not taken, but only those 
from the edge, thus the rule never wears. Lengths 
shorter than the rule maybe readily taken, and 
those of greater length, by moving the rule endwise, 
with practically no risk. When fine fractional 
dimensions are required, in these, as in other rules, 
the rending is taken backwards — that is, from the 
termination of a 12-jn. division which is not finely 
divided back to the first foot (or, m common short 
rules, to the first finely-divided inch). 

Scales are used for laying out on or taking 
dimensions from drawings which are made to some 
proportion leas than exact size. They have Ix'en 
de.scribed in the course on Drawing for Engineers. 
They are not used so much in the shops as they 
were, because now more detailed drawings give views 
to actual dimensions than was formerly the case. 
Even when drawings are made to some smaller 
scale, dimensions are nearly invariably figured on. 

The rule is often combined with other instruments 
which contain provision for contact measurement, 
as in the slide caliper rules, which will be l>etter 
.illustrated when we consider the forms and uses 
of calipers. 

Surface Plates. There is a largo group of 
tools which are not employed for actual measure- 
ment, but for marking and testing the truth of 
surfaces, centre lines, and edges. This group 
includes all straightedges, surface plates, squares, 
bevels, levels, plumb bobs, and allied forms. Tliough 
they have this one feature in common, they differ 
widely in forms. 

A plane sinface is one of the most difficult figures 
to ])roduce, and the genius of Whitworth was re- 
quired to show how alone it can be done. He 
substituted scraping for the older method of grind- 
ing, and showed that in order to originate an accurate 
surface three simfaces must be mutually corrected. 
For though it is obviously easy to make one surface 
coincide with a second one, it does not follow that 
either is accurate. If No. 1 is concave, No. 2 
wdll be convex, or vice versa. But if three plates 
are prepared, and Nos. 2 and 3 are fitted to No. 1 , 
and then No. 2 and 3 to each other, and then No. 1 
to Nos. 2 and 3, this process of mutual correction 
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can be continued until all the plates are as true as 
. the limitations of the materials themselves will per- 
mit of. The final corrections are extremely minute, 
and carefully localised, as indicated by the contact 
of the merest film of oil interposed between the plates. 
The plates themselves [70] are ribbed to lessen 
jcfiance of flexure, and are supported on three 
I points only. As in the measuring tools, so in these 
I plates, some are kept only for the correction of the 
factual working plates, which are distributed about 
the benches, and all alike are covered [70] A when 
not in use. These plates are used for testing the 
truth of surfaces that are required flat, either for 
bolting up to others, or for sliding. They are 
often employed as a bnse for lining out work on, 
though that is not a legitimate function, because 
all occasion of unnecessary wear should be avoided. 

Straighiedses. There is no essential 
difference in the surface plates and straightedges. 
The latter must be originated in the same way 
as the surface plates. But either can be, and is, 
derived from a standard surface plate known to be 
true. A straightedge, however thin its edge, has 
sensible thickness, and therefore its edge must be 
a true plane, or free from winding. The larger shop 
straightedges of several feet in length [71] are 
often two or three inches in width on tlie edge, and 
are really narrow surface plates, orily the length 
vastly exceeds the width. These arc of cast iron, 
deeply ribbed, often with feet as shown by dotted 
lines, and got ip by scraping, and are used for 
scraping large machine slides by and as standards 
for the production of smaller straightedges. When 
used for testing the slides of heavy machines the 
straightedges are held up in the crane-sling, face 
downwards, and lowered on to the work for trial. 

These larger straightedges are generally cambered, 
as shown, to lessen chance of flexure. But those 
of moderate and small dimensions are parallel. 
They ore made in metal and in wood. Two parallel 
straightedges of equal width axe winding etrip^, or 
parcMd strips [72], and they are used to check the 
winding of plain surfaces or that non-plane con- 
dition in which one or more portions stand higher 
than others. The value of tlie winding strips is 
that, being longer than the width of surface being 
tested, they magnify the inaccuracies, which arc 
readily seen on sighting along over the top edges. 

In testing work with the straightedge, chalk for 
timber, and red lead in oil for metal are generally 
used, to show by transference of the chalk or lead 
from the edge to the face of the work the parts 
where contact occurs. This contact should bo 
light. Hard jirossuro and rubbing not only 
distort, but wear the edges unduly. Also a 
straightedge should be held vertically, and not 
tilted at an angle to show the light, which is not 
a reliable position. 

Squares. The numerous squares and bevels 
arc combinations of straightedges, the squares 
being two straightedges fixed at right angles, the 
hovels with angles cajiable of variation. The re- 
quirements of mechanics arc so extensive that each 
group includes several designs and sizes. 

There are two kinds of squares — the fry, or trying 
sqiiare, formed of two blades at right angles, and 
the set square, the web of which is continuous. 
The first is used for testing both external and 
internal angles, chiefly the first; the second for 
internal angles only. Some try-squares have the 
*<tock and blade of equal thickness 1 78], but usually 
the stock, or shorter arm is of greater thickness 
than the blade |741 as being more convenient in 
use, Ad edge of the stock affording a steady, 
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maintaining the blade straight and square acrosi 
the material. This is sometimes exaggerated 
by forming a broad flange on the stock, so that the 
square will stand upright. Being wide, it will not 
scrape up the sand in foimdry moulds, in whicli 
work it is specially used. 

Variations in trying squares occur chiefly in 
dimensions, and methc^ of fitting the blade to the 
stock. The first have a very wide range, from 
2 in. or 3 in. to as many feet. The feature which 
controls the second in the modern squares is the 
nature of the provisions for securing the blade and 
stock. The old plan, and that most common still, 
is to cut a saw kerf down one end of the stock, 
in«.ert the blade [74] and rivet it up. But the two 
cannot be detached again for correction duo to 
wear, nor is it certam tnat the edge of the blade is 
pulled up to a good bearing Hence devices exist 
for accomplishing both. Blades are screwed in 
or on their stocks with tapered screws or split screws, 
which pull the blade against its shoulder, and which 
may or may not be supplemented by plain screw^s. 
In some squares the blade is fitted against an open 
face [75]. Another provision sometimes made is 
that for adjusting the blade transversely to its 
stock [76] which can be appreciated when a blade is 
too long or too short to go into a recessed situation. 
A clamping bolt is fitted in the stock, and the 
blade is grooved to receive the hooked head of 
the bolt. 

A square is tested by setting its stock against an 
edge known to be true, and by scribing a lino on a 
face coincident with an edge of the blade. If, on 
reversing the position of the stock, the same edge 
coincides with this line, the square is true ; but if 
not, then the square is inaccurate by half the 
amount of difference [77]. 

Set Squares. These are always thin, made of 
wood, or metal, or vulcanite. They are used to 
test internal angles. A subsidiary utility is that of 
combining certain common angles between the 
hypotenuse of the angle and the right angled edges. 
These are 45 deg., or else 60 deg., and 30 deg. 
The transparent celluloid squares are useful for 
the draughtsman, because they |»ermit of seeing 
lines and figures on the drawmg beneath them. 

Tee Squares. These differ from the trying 
squares, in that the stock is jirolonged to right "and 
left of the blade, since this type is used only flatwise 
by draughtsmen against the edge of a board. 

Centre Squares. These are squares only 
in name. The working edge of the blade n akes a 
tangent to any regular arc against which it is laid, 
and therefore coincides with the centre of the arc, 
which centre is located by the intersections of linos 
obtained from two or more settings of the square. 
These are made of wood, with pins to make contact 
with the edge of the arc [78], and with metal edges 
.set at angle of 45 deg [79]. In another form, seen 
to the right in 80, the instrument is made to fit 
a rule, which thus becomes the blade. The instru- 
ment to the left in 80, also clamjicd to the rule by the 
same device as that shov^Ti in 76, combines a square, 
a bevel of 45 deg., and a spirit level. A plain 
scriber is also screwed into the frame at A for use 
when detached. 

Bevels. Bevels are also incorrectly termed bevel 
squares. They are used for laying off and checking 
angles, which, however, are not marked on the bevels, 
but obtained from a protractor. They comprise 
a rigid -utock, and an adjustable blade, which i.s 
tigliteneci at any angle by means of a screw. 

The objection to the common bevel [81] is that 
in small angles the inner edge of the blade comes 




GAUGES ASfD OTHER TOOLS 

108, Vernier caliper 109. Diagram of vernier 110. Micrometer caliper 111. Ratchet atop 112. Horseshoe call pei 
113 and 114. Micrometer beam calipers 116. Rod gauge 116 Depth gauge ll7 and 118. Plug and ring 
gauires 1 19*122. Snap gauges 123. Limit gauges 124. Screw-thread gauges 125. Newail measuring machine 

^ • G 4705 









MIOHANIOAI. SMMlIttMlltliQ 

80 four down the stock that the avaBable len^h of 
the blade is much shortened. To remedy this is the 
reason for tiie offiei desi^ [82], in which the available 
length of the blade is the same at all angles, 'pke 
long open slot also in the common bevel is objec- 
tionable when checking the edges of very thin 
material, and this is absent in the offset type. 
In 83 the stock is slotted as well as the blade, so 
that by moving the latter down the slot, either side 
of the bevel can be used, which is impossible 
in 81 or 82. The combination bevel with three 
blades [84] provides a wider range of utility than 
the ordinary type. The ends of the blades are also 
ground to definite angles. 

Protractors. These, also termed hevd 
profractorSf have the angles set out on *the face. 
'Phe common form is a plated half disc divided round 
into degrees, from which a bevel is set, or lines 
marked off directly. But many instruments include 
a blade adjustable round a graduated plate [86] 
with a vernier reading. 

Spirit Lrevels. These [86] are used for test- 
ing the general level of surfaces, not in the same 
sense as surface plate tests, but for setting up a 
surface known or assumed to be true in a truly 
horizontal position. They are employed by many 
trades, but chiefly in the departments of building 
and engineering. 

Levels are mostly short, measuring less than 1 ft, 
in length. Unless a surface were perfectly tnie, these 
lengths would be insufficient to afford a fair test 
to tlie general horizontal accuracy of a surface several 
feet in length. They are therefore laid upon the 
top edge of a parallel straightedge, long enough 
to extf id over the surface to be levelled, so averag- 
ing all slight inequalities. Sometimes the level and 
straightedge are permanently united, which is a 
good plan where the work done in a shop is of 
a uniform character. 

Levels used in the ordinary manner wear in time 
on the base, and so cease to indicate truthfully. 
Then, if the instrument is turned end for end, the 
one-sided positions of the bubble must be alike 
on reversal if the surface is true. But some levels 
contain provision for adjustment [87] to compensate 
for wear, in the shape of nuts which clamp lugs in 
which the ends of the bubble tube terminate. The 
ordinary rigid levels must have their base corrected 
now and again. 

The woodworker uses chiefly levels with wooden 
stocks [86], the metal-worker with those of metal [ 87]. 
The wooden ones are generally protected with brass 
plates next the ends. The bubble tube is sunk into 
the wood and covered with a brass ]Bate with a 
central bridge. In some metal instruments the 
tul)e can be turned round in a casing of brass for 
protection [87]. Many levels have a side sight ; the 
ordinary wooden ones can only be seen by look- 
ing down directly on the top. Combination 
levels are those which have provision for te.sting 
the truth of perpendicular faces in addition to 
horizontal. Tliey contain two bubble tubes at 
right angles in one stock. Some levels have a 
voc’d base, which allows them to be used on 
shafts or tubes. 

Plumb Bobs. These are for testing the vertical 
truth of faces and centres, and depend for their 
action on the suspension of a pear-shaped weight 
with a point from a cord. This may be used alone, 
or in combination with a straightedge, termed 
a jdumb ride [ 88 ]. In one type, a hollow tube with 
a pointed end is filled with mercury [89] which 
comes to rest quicker than a bob of lead, and is 
smaller for a given weight. 
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MarlUng and Dlvidind Instruments. 

Sharp-pointed instruments of various kinds occupy 
an important place in the work of measurement 
These include soriben, siurface gauges, compasses, 
dividers, Irammels in various desi^s; which are 
constanUy being used by mechanics working in 
wood and in metal. Lines must be scn&cd--that is, 
scratched or cut, and centres must be pricked or 
popped to be permanent and unoblitera^ by the 
usage of the shops, and to be accurate enough to 
cut by. The finer the lines the better, so long as 
they are visible, because a thick line has sensible 
width, which is objectionable. 

The Scriber. This is the instrument by 
whichlines are drawn, guided by the ed^s of squares 
and straightedges. One end is a i)oint [90], the 
other is often a jcnife edge [91] ; 90 is the engineer’s 
scriber, the hook at the opposite end being often made 
to hang the instrument over the pocket-edge of the 
trousers ; 91 is the form used by woodworkers, 
the knife edge cutting like a chisel into the wood. 

Surface Gauges. Mount a double-ended 
pointed instrument in a support, and the surface 
gauge, or scribing Hock, in its crudest form results. 
For the steady block affords a rigid support to the 
scriber, and the latter can be adjusted vertically, 
and traversed along the faces of work, scribing 
lines as it goes ; hence one of the utilities of the 
marking-out table with its true face. In this way 
any number of horizontal parallel lines can be 
scribed at all heights within the range of the surface 
gauge. All the differences in these tools are 
matters of detail, differences in plain common- 
place tools and those of high precision. These 
variations consist chiefly in the mere adjustment 
and pinching of the scriber holder by a thumb- 
screw, and the employment of finely-pitched or 
micrometric screws for effecting the adjustments. 
These take various forms in the hands of different 
manufacturers, the result being that positive 
and exact minute dimensions can be obtained by 
divisions on the instruments themselves. These are 
a great advance on the old blocks, which had an 
upright piece, against which was clamped a flat 
slotted scriber. The scribers are made of roimd 
rod in most cases now. Three forms out of many 
are illustrated in 92, 98, and 94. In 92 the scriber 
stem is carried in a split lug, A, tightened with a 
screw and wing nut around the scriber, and on the 
stem or pillar, B, which is supported on a steady base 
hollowed underneath to leave nn annulus only of 
bearing surface. This block, in common with others, 
has a hole in the base to permit of passing the scriber 
down to form a depth gauge. In 93 a refinement 
occurs in the form of the inilled nut at A, which by 
means of a finely -threaded screw inside the base 
affords a fine adjustment to the height of the 
pillar, and saves troublesome tapping of the scriber 
to make minute alterations in the height of point. 
There are several other methods of effecting fine 
adjustments. Fig. 93, B is an extension piece for 
increasing the range of the instrument. A high-class 
universal gauge is shown in 94. The stem is pivoted 
in a lug in a heavy base, so that it can be set in any 
osition bertween the vertical and horizontal. The 
ase is veeM to fit circular bodies as well as flat faces. 
Friction springs retain the stem in position while 
making adjustments, and also the scriber in its 
clamping boss. Pins at a are fitted to bo pushed 
down below the face of the base, when the base can 
be slid along the edge of a surface plate to mark 
dines on a horizontal face. Many scribing blocks 
have rules fitted, some have a micrometer, making 
them very precise instruments of measurement. 



DiTidera. Compas»e«» and Trammels. 

These instnimente are used both for dividing 
and for marking arcs of circles. Hence they 
occur in a large range of dimensions and degrees of 
precision; from those adjusted bv the hands merely 
and clamped with screws, to those in which the 
adjustments are micrometric in fineness and 
precision. In strictness there is no essential 
difference between the dividers and compasses, 
because many of the latter combine the finely- 
threaded screw of the former. But commercially 
the dividers are classed as those which are opened 
by a spring, and closed by a wing nut and screw ; 
and compasses are either clamped with a screw 
pinched on a quadrant or have in addition a fine 
adjustment or screw; or have neither, comprising 
legs and hinge only, with or without a clamping 
screw in the hinge. Thus 95 is a compass, 96 
dividers. Fig. 96 is the best form of common 
compass, because it combines the fine screw ad- 
justment at A in addition to the clamping wing nut 
at B. I’he dividers [96] differ from the older 
kinds in having a spring loop separate, and only 
attached to the legs instead of being in one with 
them. There is a Knurled stem, A, which renders 
it easier to handle and twirl the instrunient than 
by holding the spring itself. The nut at B is also 
an improvement on the solid nut, because when the 
legs are sprung together a little with the left hand 
the nut frees itself from the thread, and can be slid 
along instantl 5 ^ instead of being turned through the 
whole distance. On releasing the legs, the nut 
giips the threads again. The nut, B, is like a split 
chuck, its nose being coned to match a coned ring, a. 
When a iiresses its cone on the nose of A, the latter 
is compressed inwards sufficiently to engage with 
the screw threads ; when free from the coercion of 
(ly its elasticity causes it to open outwards. 

Most compasses have rigid legs, but some have 
also .supplementary points [97J. The advantage 
of the latter is that the points, moving in pivoted 
holders, can be sot perpend iculnHy* however 
much the legs may be spread, and also that the 
])oints may be set in different })lancs to suit centres 
or arcs vhich are not in the same plane. Often 
those combine calipers with points, lieing situated 
at opposite ends [97] A, the legs being pivoted to 
the main legs, still with advantage of periwndieular 
setting. In other forms this combination exists in 
the cornpaufi cMiperf<, or hermaphrod itcs. 

Trammels, These arc for larger radii and 
centres than can be obtained with compasses. 
I’he trammel heads slide along and are acl justed 
and ( lamped on a parallel beam of wood or metal, 
and designs vary. Some have a fine screw adjust- 
ment on one head, some combine provision for 
inserting a j^encil in a tube on one head ; but 
generally two points only and clamping screws 
are included. 

Calipers. The basis of all the contact gauges 
is the common adjustable caliper, comprising two 
legs adjustable round the pivot, and capable of 
taking either external or internal dimensions. 
The length is then read off on a rule or a gauge. 
An 5 ^ common calipers can be used for taking ex- 
ternal or internal dimensions. But it is more con- 
venient to have two instruments, the former [981 
bow-legged to pass over large diameters, the latter 
• 99] straight to go into small bores and spaces. 
These constitute the two types on which modified 
forms are fashioned, with or without capacity for 
fine screw adjustment. Sometimes the two instru- 
ments are combined in one on opposite sides of a 
central pivot [100], in which case both pairs of 
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points should give the same dimensions. This 
type is also useful for measuring chambered recesses, 
the sfraight legs beii^ passed through and opened 
out, when the size is measured from the curved 
legs lying outside ; it would otherwise be impossible 
to record the dimensions, because when the caliper.s 
are removed from the chamber, they must be squeezed 
inwards, and the size is therefore lost. Herma- 
phrodites, or compass calipers [101] are not true 
calipers, but they have one pointed compass leg 
and one calipor leg. Their value consists in 
5»cribing lines from edges, guided by the caliper 
leg moved round or along the edges. Centres 
can also be found when plugs are inserted 
in rough bores preparatory to marking out for 
boring, etc. 

Calipers of tlie foregoing forms are adjusted 
finely by tapping lightly one leg against a rigid 
body. But others include screw provisions for 
such adjustments, by which much time is saved. 
Thus in 102 a fine screw. A, with a knurled head, 
moves in a nut, B, at the end of the plate attached to 
the joint. Figs. 108 and 104 are variants on the type 
of compasses shown in 96, both in regard to the fitting 
of the nut to the screw, and in having a sping head. 
Though in most cases the calijwr must he set on a 
rule or gauge to read the dimension taken, some 
instruments combine a quadrant rule [106], or 
sometimes a straight rule on the side opposite 
to the logs, on which the dimensions can be read 
off. These forms are not popular, but the same 
principle in other guises — that of the caliper rule 
and vernier, and micrometer calipers — are largely 
employed. 

The Gauges. Though in the calipers the sense 
of touch indicates when they are in actual contact 
with the turned work on opposite sides of its 
diameter, this device is not an ideal one, becaust* 
the rule still affords the final test of truth, the cali- 
pers being laid directly upon the divisions of the 
rule in order to determine the size required. This, 
therefore, is not m strictness a mode of measurement 
obtained by the sense of touch, since the rule Ik’i- 
eoincs the check, wliicli is of an ocular kind. In 
order that tlic system of measurement by touch 
shall bo strictly carried out, the ealqier must bts 
checked not on the rule, but against a fixed and rigid 
standard sucli as another cali})er, or a gauge. To 
this the objection may be made that it would in- 
volve an expensive scries of fixed gauges, because 
the number of dimensions required would be 
numerous, and this would lie true in a degree, 
'rhe system is exjiensive in its first inception, but 
it conduces to such gi’eat economies ultimatc'ly 
that all firms who run their 8ho])s on modern lines 
ado])t it. The simplest case which oc’curs is that in 
which there are two gauges for any one dimension — 
namely, external and internal — so that while one is 
used for testing the accuracy of external parts, 
the other is employed similarly for internal parts 
which have to correspond. Or if there is no such 
corres])ondcnce, a definite dimension is secured 
at once, with a degree of precision which cannot be 
obtained by reference to a rule. Modem systems 
of measurement are thus both absolute and relative. 
That is, a dimension may In' worked to fractional 
portions of the inch, or it may lie made to corre- 
spond with another dimension. In each of these eases 
the methods followed to-day are essentially those 
of Whitworth, and though the devices adopted 
in each case are different, yet the verification in 
each depends on the sense of touch. To the first or 
absolute class belong the caliper rules, vernier, and 
micrometer calipers, to the second the fixed gauges. 
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But the division into rule measurement and 
contact measurement is not of a hard and fast 
character. Many instruments combine the two 
functions, as the micrometer and vernier calipers. 

Cftlipor Routes* The simplest caliper rules 
comprise a beam with a fixed jaw at one end [106], 
and another jaw which can be slid along the beam, 
and adjusted and clamped to give any width of open- 
ing within the range afforded by the length of the 
beam. The latter is divided out like a rule into 
English or metric subdivisions, or both. These are 
sometimes made in wood, but mostly in metal, and 
fill a useful place in the shops, but they do not 
admit of measurements of higher precision than the 
lules do. They simply save the trouble of taking 
separate measurements, and comprise a caliper 
grafted on a rule. 

A refinement on the caliper rule is the so-called 
caliper square or beam caliper [107], which is a stage 
between the rule and the vernier types, points in 
which will he noted in connection with the latter. 

Vernier Calipere. For very fine measure- 
ments the vernier is applied to the caliper rule, or 
beam caliper, or vernier caliper, producing a most 
valuable instrument. Its design and construction 
is shown applied in 108, and the vernier is enlarged 
in 109. 

Each inch along the bar or beam is divided 
into ten parts, and each tenth into fom* parts, so that 
each inch has forty divisions. The sliding jaw 
of the caliper carries the vernier. A, on which a 
length equal to 24 divisions of (he main bar is 
divided into 25 parts [109], or 20 parts in 108. 
Clearly, therefore, each division on the vernier in 109 
is sho ter than each division on the bar by one 
twenty-fifth part of the fortieth of an inch, in other 
words, by *001 in. When the zero mark on the ver- 
nier and the bar coincide, the caliper is set to 
1 inch. Any other distance, excepting those at the 
cardinal divisions, 2 in., 3 in., etc., is taken by the 
distance to which the zero scale is moved to right 
or loft of the zero on the bar, or the inch divisions 
on the same. The distance to right and left is 
counted as the number of divisions the zero point on 
the vernier has been moved, say, from the zero point 
on the bar. The number of divisions counted 
to where one found that corresponds with one on 
the bar will be the number of thousandths to be 
added to the distance read off on the bar itself. 
Calculation is facilitated by calling the tenths (*100), 
one hundred thousands, and the fortieths, twenty- 
five thousandths (*025). 

In the illustration rio9] the vernier has been 
moved to the right 1^ in., or 1*20 in. The sixth 
line of the vernier coincides with a line on the scale 
(indicated by the arrow), so making ^ or *000 in., 
to he added to the reading from the scale, making 
the total reading one, and two hundred, and six 
thousands inches, or 1*206 in. 

Around this vernier cali|ier several designs are 
evolved. Generally provision is made for fine 
adjustment of the sliding head by means of a 
fine screw in a second sliding head, B [108]; 
also in the beam calipers [107], which is brought 
up and pinched at a convenient distance away 
from the head to which the loose caliper jaw is 
attached. Other devices are used in Continental 
designs. Many of these calipers are made with 
compass points on the side opposite to the caliper 
jaws. Also inside and outside calipers are formed 
on opposite jaws. 

The other great CToup of calipers, the micrometer 
type, differs from we vernier in the method of ob- 
ta ining fine divisions, which involves a different shape. 
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Micrometer Calipem. In this design 
the principle is that of the WhitwOTth measuring 
machine — namely, the subdivision of the pitch of a 
finely pitched screw by equal divisions on a circular 
wheel Obviously, fw a movement of each arc of 
division on the wheel the screw moves a jaw through 
a corresponding division of the pitch, which is 
therefore a definite dimension, however fine it may 
be. The principle is worked out in a different 
manner in the micrometer calipers than in the 
larger measuring machines, and they do not read 
to so fine dimensions. The following is a description 
of the Brown and Sharpe micrometer [110], typical 
in the main of others. 

Pig. 110 gives views of the same instrument 
in external perspective above, in longitudinal 
section below, with a ratchet stop to the left [111]. 
The figures on the horseshoe are decimal equiva- 
lents, for ready reference. The spindle A is movable 
to and from the anvil B, and betw'een these the work 
is measured. A is actuated by the fine screw C. 
D is the barrel, in one with the horseshoe arm E. 
The screw fits in a nut, F, which enters a recess in 
the barrel. A similar threaded nut, G, affords 
additional support to the screw, and is used to 
take up wear. It is threaded externally to fit 
a screw cut in the end of the barrel D, and with one 
cut in a lock nut, H. The screw threads in G and 
H are finer than those of the main screw, C, for 
exact adjustment. A ring, I, enchcles the plain 
spindle A. It has a split tapered boss threaded 
externally to take the sleeve, J, with a knurled 
head, ^his clamps the split boss around the 
spindle A, locking it after setting. A variation in the 
position of J is shown in the upper and lower figures. 

These calipers measure to The screw has 

forty threads I'tev inch. The graduotiong on the 
barrel, some of which are seen at a in the upper 
figure, in a line parallel with the axis of the screw, 
are also forty to the inch, beginning at 0. Each 
division, therefore, corresponds with the longi- 
tudinal distance traversed during one revolution 
of the screw. The bevelled edge of the thimble 
adjacent is graduated into 25 parts. As 40 x 25 
equals 1,000, each movement of the thimble round 
one division advances the screw y0*(nj**'* 

Very Fine Meaeuremente. Smaller 
readings can be taken by estimating by the 
eye a half or a quarter of a division round the 
thimble, so that a half or quarter thousandth 
can be estimated very accurately. But for finer 
divisions a circular vernier is embodied* It has 
30 divisions, which occupy the same space as nine 
divisions on the thimble. When a line on the 
thimble coincides with the first line on the vernier, 
the next two lines differ from each other by one- 
tenth of the length of a division on the thimble, 
and so on. Hence, when the thimble is turned 
so that a line on it coincides with the second line 
of the vernier, the thimble has moved one-tenth of 
the length of one of its subdivisions, or i jjhtfU' 

As it is possible to vary the amount of pressure 
on the instrument, and thus obtain varying readings, 
a ratchet stop [111] is fitted to some calipers. It is 
a ratchet, A, with a spring pawl, B. If more pressure 
is exercised than that which suffices to set the 
instrument, the ratchet slips past the pawl and 
stops the further turning of the measuring spindle. 
When opening, the pawl catches the ratchet and 
prevents slip. 

Variations in this type of caliper by various 
makers consist in different methoas of taking up 
the wear on the screw for the purpose of re-adjust- 
ments after long service, some me king it on the 
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anvil, some on the thimble. Also in the com- 
parative iineness or coarseness of the readings, in 
the range of dimensions available, and in the 
graduations in English or metrical dimensions. 
Other variations are the combination of two 
calipers in one head for different ranges of dimen- 
sions, or for two dimensions nearly alike, as for 
slack and driving fits. Others are made for 8j>ecial 
fimctions only, as for measuring screw threads, 
wires, tubes, sheet metal, etc. Another distinction 
is that between small and large types, w'hich 
involves a difference in design. 

Large Micrometer Calipers, 'rhe 
small micrometers do not usually exceed 2 in. 
maximum capacity, but larger ones are made of 
horseshoe ana beam types for larger dimensions. 
In these the range of the micrometer screw move- 
ment is still small, not exceeding 1 in. usually, but 
the larger dimensions are obtained by the large 
size of the horseshoe in the one case, and of the 
length of the beam in the other, along which a 
movable head can be set in several })Ositions. 

Fig. 112 is a large horseshoe caliper, with a 
micrometer spindle to the right. The anvil to the 
left has provision for taking up wear with two ring 
nuts, and two other anvils (one of which is showTi 
separately at A) are supplied for sizes which the 
1 in. range of the micrometer cannot accoinniodatc. 
The longest anvil would, for inatanc(*, measure 
from 3 in. to 4 in., the next one 4 in. to o in., and 
the shortest 5 in. to 0 in. Beam micrometers are 
shown in 118, 114. The main inch divisions are 
obtained by clamping the main head, A, with its 
set-screw, B, by the line on the bevelled edge at «. 
The adjusting block, C’, is clamped also near A, in 
order that the exact setting of A to the inch divisions 
may be effected by the milled head, D, operating a 
tine screw. The micrometer then gives jiarts of 
I he inch. 

In 114 the head is st*t iirocisely by means of a 
plug, A, pushed through a hole in both head and 
licam. The plug is hardened, and ilio holes are 
hushed with hardened steel. Eacli se|»aratc hole 
in the head matches its own in the beam for every 
incli, thus s])rcnding the total wear over the six 
hole« and simplifying the work of manufacture, 
since, when a set of plug-holes arc lap]>ed out 
correctly they are done with, and the next Iiolcs 
arc treated — a much simpler job than trying to 
make a single hole in the beam answer for all the 
settings. 

From these leading instruments many others 
have been derived, or their underlying methods have 
l>een grafted on common tools in order to render 
them instruments of high precision. They include* 
sev(*ral kinds of depth gauges and rod gauges, which 
in their crude foryis every workman has to make 
use of in measuring depths Mow a surface, or 
diameters of bores, or distances bctw'een ojiposed 
faces in situations where the common lule or 
( alifiers cannot lx* introducofl or would not be 
suitable. The vernier and the micrometer both 
ap]K'ar in these instruments, varied in their metlioda 
of application according to the ideas of different 
firms. 

Rod Gauges. Fig 115 is a high-class rod gauge 
with micrometer readings at the right hand, an 
miraense advance on the gauges made by workmen. 
The principle is identical with that of the micro- 
meter califiers — namely, a finely-threaded sc*rew, A, 
and a divided head, B,‘ the graduations of which are 
read as they pass the arm C\ The screw D clamps 
the setting, if required, by means of a brass anvil 
pressing on the micrometer screw'. To increase the 


range of the instrument, extension rods, E, are fitted 
in a socket, and clamped with a screw, F. Otlier 
types of these gauges are made with the screw 
entirely concealed and protected. 

Depth Gauges. Fig. 116 is a high-class 
micrometer depth gau^, which can also be used as 
a rod gauge on being detached from the foot. A, to 
which it is screwed, with a hardened contact piece 
then inserted in the screwed end. This end, B, 
contains the micrometer screw and the bevelled 
edge at a, the circular divisions corresponding with 
the thimble in 110 , and reading to thousandths 
of an inch. The stem or rod, C, is graduated in 
inches and quarter inches. The sections to the 
left show the splits for taking up wear. 

Fixed Gauges. These all have one feature 
in common — the embodiment of a rigid unalterable 
dimension. They occur in numerous forms in 
cylindrical and flat types, and in various degrees of 
accuracy, relatively coarse and fine, and in standard 
and in limit sizes. Some of the most refined 
mechanical methods are involved in the manufac - 
ture of these instruments, including hardening and 
extremely fine grinding, so that degrees of accuracy 
range from the coarse in. to the very fine 

Much work in engineers’ sliops has to be accurate 
within very great deal within 

from '^J(^th to ij^^yth of an inch, and finer. Now, 
it is easy to observe iJ^n^h of an inch by sight 
alone; it is not possible to estimate much 

lc‘8H T^yJi 5 (|th by the eye. And although 
visible to the eye it is not jiracticablo to work to 
that dimension by setting the rule against the work. 
In all these fine measurementh, therefore, the sense 
of touch is relied on, and the moans used are 
afforded by gauges ground to precise dimensions 
recjuh’ed. 

Plug and Ring Gauges. In their simplest 
form these consist of one |dug and one ring [117, 
118] of tlie same dimensions. That is, the plug 
can be just inserted within the ring if a very fine 
film of oil is inter]> 08 ecl without any slackness in 
fitting. The oil is necessary, because if not apjilicd 
the one would -irize or hold so fast within the other 
that the two could not be separated. Such gauges 
arc termed standard, because of exact sizes, as 
1 i in., 2 in., or 3 in., no more and no less, within the 
degree of accuracy mechanically jiossiblc. 

Now, it is not difficult to sec that with these ring 
and ])lug gauges absolutely rigid, with no ])osyibility 
of s])ringing or yielding to pressure, and made to 
fit cucli other absolutely, that a jiiccc of tissiu*- 
paper, a tangible representation of 
of an inch, could not possibly be inserted between 
the two gauges, and therefore if work is turned and 
bored exactly by these gauges, then it will fit 
within something less than the thickness of the 
t issue- pa}K‘r, and that the latter therefore is a 
coarse dimension. 

In one way, however, such gailges might be made 
to pass work so that there should bo two or three 
times that difference in the thickness of paper. If 
one gauge were employed at one temperature, and 
the other at a tein^ierature considerably higher or 
lower, then when the'' work should be brought 
together under normal conditions of temperature, 
the ))arts so fittc*d would not correspond. This at 
once indicates another clement of which considera- 
tion must be taken. Then, further, something 
depends on the nature of the surfaces which art^ 
turned, or, when exceedingly fine fitting is concerned, 
which are ground ; whether they are done very 
smoothly or rather coarscljx 
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There is another matter which shows how ex- 
tremely close the fitting of the metallic surfaces can 
be made. It is quite possible to fit them so well — a 
plug within a ring — that though they can be slid in 
while dry, they cannot be separated again. The 
metallic contact is, in fact, so close that molecular 
adhesion takes place, and sepiu*ation must be so 
forcible that the metal will be striated and tom 
out by the pressure. But before that occurs the 
precision of the fitting will have gone past tl» 
j (fe(jth part of an inch, with which we IStarted 
for the purpose of illustration; in fact, as then 
mentioned, that, though extremely fine if judged 
by the carpenter’s rule, is much exceeded in the 
engineer’s shop, gauges being made to the 
part, and the coarser ones to ij^J^^th part of an inch. 

Mr. Viall has stated that gauges can be made 
within a limit of '00002 in., but makers will not 
guarantee that they will be within that limit six 
months after manufacture, since steel changes, 
“ goes and comes.” But they can be made and 
guarantee to remain for an indefinite period within 
'OOOl in. He also states that when measuring 
standard plugs by the aid of the Browne and Sharpe 
measuring machine, differences of 'OOOOJ in. can oe 
readily felt by those who arc not experts in measiu'C- 
mont, while by those who are, differences of '00001 
can be readily detected. It is possible to make 
loorking gauges within a degree of accuracy 
measured positively by jr^J^y^th part of an 
inch, thirty times less than the thickness of 
tissue paper ! The finest film of gold leaf that 
floats in the air is about that thic^ess. Limits 
of fl^J^^th part are also guaranteed in the best 
gauges, u»ed for reference. 

Limit Gauges* Standard gauges do not 
measure all the Agrees of fitting that are neces- 
sary. Thus, for example, the fit of a shaft in 
the boss of a wheel in which it has to be keyed 
is a tight, or driving fit, or a force fit ; that is, the 
shaft must be driven in, or pressed into its bore. 
But a shaft journal rotating in a bearing must be 
an easy fit, or a slack or running fit, otherwise it would 
not revolve. But there are also several degrees 
m slack or running fits, dei^cndent on the classes of 

ork, and ranging from a free fit without any slack- 
ness to a fit at the other extreme with ^ in., or 

in., or even in. of slack. Now, the work- 
men using standard gauges have to make these 
various allowances over or under gauge sizes, 
which results in want of uniformity and some 
waste of time occupied in making trial fits. This is 
inconsistent with a system of good fitting, and is 
impracticable in an interchangeable system. Out 
of this has arisen the growth of the limit or 
difference gauges, in which the limits^ or limits 
of tolerance, suitable for all classes of manufacture 
are embodied. These are larger or smaller than 
standards by the difference required in shafts and 
their bearings, or in degrees of driving fits. The 
difference is made in the plug, and not in the ring. 
Two sizes are generally now made on the ends of one 
plug, one being a “ go in,” the other the “ not go in,” 
and marked respectively — and -f. 

Snap Gaugea. This term is applied to the 
flat gauges. These are made in exact fits, and 
to limits like the plug and ring gauges, and in a 
range of limits. They also occur in numerous 
designs — single-ended [ 119 , 120 ], of horseshoe type 
11211. and with external and internal gauges at 
opposite ends of the same bar [ 122 ]. The working 


faces are hardened and j^ound. Flat and ^ug 
limit gauges are shown in 1^ 

With regard to the difference in the cylindrical 
and the flat forms, the flrst named are generally 
used to check turned and bored work, the 
ring being slipped over the shaft or spindle, the 
plug bei^ inserted in the hole of the pulley or 
wheel. The gauges make contact all round their 
circumferences, and so check the circular truth 
as well as diameter, but they cannot be used between 
two shoulders, such as a journal, the only gauge 
applicable being one wifh an open side, roe the 
finest testing the flat gauges give more accurate 
results, because th^ have not such large sur- 
faces in contact. This is in harmony with the 
fact that narrow points are always used in rod 
gauges. Any width beyond that required for actual 
contact is superfluous. 

The gauge principle, with or without limits, is 
embodi^ in other forms, for tapered work, and for 
testing screw threads, the latter being shown in 124 . 
The upper gauge gives the size of the hole before 
the thread is cut in it (equivalent to the tapping 
size), and of the thread at the opposite end. The 
lower tests the screws, and is adjustable by the set- 
ting screws to fit the plug accurately, or with a de- 
finite amount of slack. The two pins in the body 
of the gauge prevent lateral twistmg of the parts ; 
there is sufficient elasticity in the body to open or 
close the threaded hole slightly. 

Measuring Machines. The basis of all 
the high-class gauges is found in the measuring 
machines, which firms keep for testing purposes, 
and to maintain a check upon gauges in use. Some 
of these machines are marvellous pieces of mechanism 
measuring to T^r jfa - o th part of an inch or less. 
The famous Wliitworth machine, which measured 
to the 1 inch, was the pre- 

decessor of later ty^s. The machine had a screw 
of 20 threads to the inch, which was turned by a 
worm wheel of 200 teeth, the latter being driven 
through a worm from a wheel graduated into 250 
parts. Hence a movement through one division 
corresponded to a traverse of ^ X 
= yg o^ooo th in. This is an example of a machine tha t 
does not find scope in practice, but there are plenty 
of machines measuring to of an inch. 

Fig. 125 shows a recent type, made by the No wall 
Engineering Co. Ltd., Warrington, whicli measures to 
in. The bed carries two heads, A and 
B, the former having the measuring screw and its 
disc. As this screw lias a traverse of only 1 in., 
settings must be made from the distances between 
the heads. Standard end measuring rods are 
used for this pmpose, or a microscope is fitted on the 
head A to read the graduations on a rule attached 
to the side of the frame. The screw is rotated 
quickly by the knurled knob C, or slowly by I), 
the latter being carried in a rocking lever attached 
to the screw spindle, and pushed away from a bar, E, 
by the screw D. The large wheel,' F, is divided, 
and rotates under the indicating bar seen at the top. 
A compensating device is provided for counteract- 
ing the errors in the pitch of the screws, errors 
which eannot well be eliminated. On the head B 
a device is fitted which ensures that the end pres- 
sure on pieces being measured shall be uniform 
in all cases. A spirit level is applied in such a 
manner that it magnifies the movement of the 
measuring points 4,000 to 1, so that any con- 
traction or expansion of the piece being measured 
is detected. 


Continued 
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POULTERERS AND GAME-DEALERS 

In provincial towns the poulterer pure and 
simple is still to be found in considerable numbers, 
but in the larger towns and cities, especially of 
England, he is usually also a cheesemonger, 
or a fish merchant. In London, for instance, 
there are probably not more than a dozen men, 
or firms, who keep open shop solely for the 
purveying of poultry ; but in country towns 
many good livings are to be made without the 
cheese, fish, or bacon adjuncts. It follows, 
therefore, that the conditions of buying and 
selling — particularly of buying — differ consider- 
ably according as the business to be done is in 
the metropolis or other large centre, or in a 
country town, with no large central markets 
like Smithfield and Lcadenhall. However, the 
reader who is interested in this branch of trade 
may get hints to aid him. whether he purposes 
starting in the country or in the metropolis. The 
main idea, however, is to help the man who 
desires to start in a provincial town or in a 
suburb to retail poultry and game. 

The Primary Essentials. 'Hie steps 
taken to learn the business are simple, but im- 
portant. There is no regular apprenticeship to 
the trade. The youth starts his Coti.'eer as errand- 
boy in the establishment of a poulterer with a 
good -going business. Wlien not engaged in 
delivering goods to his employer's customers ho 
is taught how to pluck, clean, and truss fowls, 
how to skin and clean rabbits and hares, and, 
generally, how to make the produce ready for 
the counter. Some men become very expert 
in plucking — an art not so easy as it looks — 
nine fowls an hour soon becoming not much of 
a task for tliera. Skinning rabbits is much 
more easily learned, and 100 animals per hour 
may be skinned by an expert. A period of two 
years should suffice to teach the lad the ele- 
mentary principles of the trade, but his experience 
has to be considerably widened before he can 
qualify as a poulterer. 

Starting Business. Assuming that the 
young man has acquired an all-round acquaint- 
ance with these essentials, and has a capital of 
about £50 in hand, he may safely embark on his 
account in a country town, or in a suburb where 
the necessity for a poulterer and game -dealer is 
indicated. Of course, in a largt* city, or in the 
metropolis, such a capital would be inadequate, 
provided nothing but poultry and game were 
intended to be sold. For the business, in London 
let us say, can be done only in a good -class neigh- 
bourhood, where it would be imperative to spend 
at least three times fifty pounds in fitting-up 


the shop alone. In the West End, or in any 
fashionable quarter, the shop of a poulterer has 
usually elaborate tiled walls and floors, with 
marble counters and marble window slabs. But 
the man we have in mind at the moment is the 
ordinary person with a modefst capital and an 
overwhelming desire to attain to the marble 
slab stage by honest effort and industry. 

Fitting*up. Even in a country town, 
however, the neighbourhood selected must bo 
a good one. A business thoroughfare, with other 
good shops in the vicinity, is the place for a 
shop, and one should endeavour to get a shop 
which, though not necessarily large, should have 
plenty of air. A “ through draught,” although 
rather trying to the shopkeeper, is a very desirable 
thing in a poultry shop, for it tends to the pre- 
servation of goods which are particularly liable 
to go ” higher ” than is desirable if kept for even 
a short time in a close atmosphere. A lofty, airy 
shop, with plenty of room in the window should, 
if possible, be taken, and the fittings ro(][uircd are 
not a large item. All that is really necessary in 
this way for a start is a few bars, wooden or steel 
(wooden for preference), from which the rabbits 
and hai'es are suspended. These should be fixed 
along one side of the shop, while on the oppo- 
site side are erected several wooden shelves, on 
which the fowls, etc., are placed. A counicr, a 
wooden block (for chopping off rabbits’ feet, etc.), 
a chopi)er, knives, scales, and a spring balance 
complete the shop paraphernalia, with the excep- 
tion of a few shelves with hooks screwed into the 
edges for hanging goods in the window, which 
ought likewise to have a tiled bottom. The wholes 
of the fittings should cost not more than £15 to 
£ 20 . 

Stock. Of recent years cold storage has 
revolutionised this as well as other provision 
trades. Not so many years ago the poulterer 
depended solely upon home supply for his goods. 
Nowadays the foreign supply has considerably 
exceeded the “fresh ” in many lines and the 
foreign trade is growing annually. In a country 
town even now the main supply of the retailer 
comes from the surrounding country districts. 
He buys his poultry and game from the farmers, 
trappcirs, gamekeepers, or others authorised to 
8(‘ll game in the neighbourhood, or from gentle- 
men's estates somewhere within the Unit(*d 
Kingdom. But the big towns and cities are now 
supplied by the foreign game that is shipped 
daily to th(? London markets. This foreign pro- 
duce includes geese, turkeys, and pigeons from 
France, and fowls from Italy. In the summer 
season the last-named are sent, chilled, packed in 
boxefs of 12 and 24, but come loose in the winter. 
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Ptarmigan comas from Norway and from Russia* 
The country last named also supplies black game, 
hazel hens, oa^rcailziee, Manchurian ^rtridges, 
ordinary partridges, and geese, fowls, ducks, and 
tarke 3 ^ — all frozen. From Holland wjld fowl 
are obtained ; and the Australasian produce 
includes rabbits, hares, and poultry. America 
exports to us frozen poultry and game, and, 
incidentally, our Transatlantic cousins have 
taught us something regarding the method of 
packing. The Americans were the pioneers of 
perfect packing and grading, and their example is 
now being followed by our own Colonies. Fowls 
of different grades are packed in wooden boxes, 
each compartment being made to fit the fowl, 
so to speak, and not only can the poultry be 
exhibit^ with ease, and the minimum of hand- 
ling, but the weights of each can be depended 
upon as approximately correct. Canadian tur- 
keys arc imported, plucked, graded, and packed 
in cases of 18 or 24 birds, according to size, 
tissue paper being placed between the birds and 
a layer of straw on top. Canada also sends 
chickens, dressed, to commission merchants in 
(Jreat Britain and live chickens to importers. 
Quails are imported in great numbers from Egypt 
and Algeria, and pheasants and partridges from 
Austria. Fresh goods are supplied largely to the 
T.<ondon markets from Lincolnshire, Cambridge- 
shire, Norfolk, and from Ireland. A large 
turkey trade is done with Norfolk. 

Laying in Stock. Still keeping in mind 
the yo ;ng man with an intimate knowledge of 
his business and a capital of £50, the question 
of buying for an opening stO(;k should not be 
difficult. Knowing the precarious nature of 
the goods, he would be careful to lay in only 
a very small stock at first, launching out as he 
gauged the wants of his neighbourhood. In 
a country town he would buy direct from the 
rearers, poultry being bought alive. To start in 
a small shop his first order would be something 
like the following. The prices are merely ap- 
proximate, and vary according to the season of 
the year and the district. 


— 

Avcriitfu Coiit. 

A^erag(• Retail Pi'ioe. 

2 rloz. chiokens and 

fowls 

12 pairs rabbits . . 
idoz. pigreon8(wild) 
X doz. „ (tame) 

J doz. duoks . . . , 

10 doz, etjgs . , . . 

£2 to £2 4s. 
ir)8. 

3s. Gd. to 4s. 
3s. (id. 

lOs. 0<i. to 12s. 

10s. to 20s. 
(aocordiim to 
weason) 1 

2s. 3d. to 3s. each 

6d. to Is. each 
lOd. to Is. each 

8d. to Is. 2d. each 

28. 3d. to Ss. 6d. each 
Is. to 28. Od. per 
dozen 


An enormous trade is now done in Ostend 
rabbits. These are bought at the London 
market at from 48. 4d. to 48. 8d. per stone of 
8 lb. Australian rabbits costing in London from 
fi^d. to each have a large sale in poorer class 
neighbourhoods at any price from VJd. to lOd. 
each. Good English rabbits cost from 8d, to 
lOd. wholesale, and retail at from about lOd. to 
Is. 3d., according to size and condition. Bordeaux 
pigeons are shipped to this country in boxes of 
“sixes,” “eights,” and “fours.” The “fours” 
are usually large-sized ‘ birds and may cost the 
retailer from Is. to Is. 2d. each; the “eights” 
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cost about Is, Id., and the “sixes” lOd. each. 

are bought in London usually by the 100 — 
1^ going to 100. Irish ducks cost usually from 
'2s. 3d. to 2s. 9d., while good English ducks are 
dearer — ^26. 9d. to 3s. Ed, being average cost. 
These are naturally finer varieties than the ducks 
in the table and bear a proportionately greater 
profit. The fluctuations in price vary greatly, 
of course, according to the supply and the 
demand. 

Should he happen to open about the Christmas 
season (which usually lasts from November 
to the end of February), the retailer would order 
two dozen turkeys, costing, perhaps, 8d. to Is. 
per lb., and selling at lOd. to Is. 3d., and half a 
dozen geese, at a cost of 5d. to 6d. per lb., to 
retail at 8d. to lOd. This takes no account 
of game, which would perhaps be best left 
till it was seen how the business was going. Of 
course, the poulterer in a metropolitan suburb, 
or a provision merchant who wants to add a 
poultry department, would simply go to the 
Leadenhall or Smithfield markets and select 
his stock from the wholesale merchants there. In 
such a case he would find that foreign produce is 
cheaper than the home-fed. For instance, Italian 
turkeys would not cost more than fid. to 8d. 
per Jb. ; Russian geese would be 4d. to 5d. per lb. 
and so on ; but the quantities mentioned would 
make a creditable opening in either case. The 
beginning of November is a good time to start. 

Selling Game. As the business seemed 
to be going all right, the beginner would 
presently apply for a game-dealer’s licence, 
without which he cannot sell game. To sell 
poultry (by which is meant pullets, chickens, 
fowls, ducks and ducklings, geese and goslings, 
and turkeys), rabbits, woodcock, quail, snipe, 
or landrail, no licence is required, but to deal in 
British or foreign game a £2 licence is necessary, 
annually renewed not later th.in July 1st. The 
term “game” includes hares, pheasants, par- 
tridges, grouse, and black game. The dealer has 
also to observe the “ close times,” and to take 
care that he does not sell or buy game ten days 
(one day inclusive, and the other exclusive) from 
the day on which it becomes unlawful to kill 
such game. He should note, therefore, that the 
shooting of game is as follows : 

Grouse begin August 12th, end December 
10th ; partridges begin September 1st, end 
February 1st; pheasants begin October Ist, 
end February 1st ; wildfowl and landrail begin 
August 1st, end March Ist ; black game begin 
August 20th, end December 10th. The sale of 
hares is prohibited from March to the end 
of July. 

The country poulterer w'ould contract for 
supplies with some gentleman or gentlemen who 
had estates in his neighbourhood, or somewhere 
near. The town buyer would get his stock 
from the recognised markets. The usual whole- 
sale prices are somewhat as follows, with the 
usual variations in season and supply; Grouse, 
4s. to Ts. per brace ; pheasants, Is. lOd. to 
58, per brace ; partridges, 2s. to 3s. ; hares, 
Is, to 3s., according to size. Foreign hares 
cost from Is. to Is. 9d. each ; Manchurian 




partridges, lOd. to Is. each ; and Russian 
partrid^, Is. to Is. 6d. each. The retail prices 
for grouse vary from Ss. to Ss. 6d. ; pheasants, 
36. to 6s. 6d. ; partridges, from 2b. 6d. to 
3 b. 6d. ; and hares, from 2 b. to 48. (British), and 
Is. 6d. to 2b. 6d. (foreign). 

Prices and Profits. The produce men- 
tioned is that in regular sale, and what 
would preferably be stocked by the beginner. 
But these by no means exhaust the stock which 
the poulterer and * game-dealer with a large 
connection requires to keep. As time went on, 
and the business developed, he would probably 
have to stock some of the following : 

stock Average tk)«t Price. Arer»(t« Betail Price 

Blackcock . . 28. 3d. each. Ss. to Ss. 6d. each 

Grey Hens . . Is. 9d. 28. 6d. to Ss. each 

Larks .... Is. per dozen Is. 9d. per dozen 

Plovers (golden) . . lOd. each !<?. 8a. each 

Plovers (ordinary ) 7d. each lOd. each 

Ptarmigan 7|d. each lOd. to Is. eaoh 

Snipe . . . lOd. each la 2d. each 

Teal . . . lOd. each Is. 4d. each 

Widgeon lOd. to Is. each Is. 9d each 

These are mainly for high-class trade, and 
would be added as required. The business is a 
fairly profitable one, as will be seen, but allowance 
must be made for waste, as the stock is 
perishable. The stock, even in a country busi- 
ness, must be turned over four times a week. 
The man in the metropolis can keep small stocks, 
and buy in the markets every day, if necessary. 
The general and best rule in buying is to pay os 
you go, and the selling should be for cash as far 
as is possible. Of course, where credit is given, 
and in some family businesses it is inevitable, a 
larger profit must bo secured than when cash 
is paid. The average profit must be about 30 to 
40 per cent, on the turnover, ana a safe rule is 
to aim at having a clear profit of not less than 
12i per cent, after paying all expenses. 

PROVISION MERCHANTS 

Although the provision merchant frequently 
carries on his separate business, handling bacon, 
hams, cheese, butter, eggs, margarine, polonies, 
potted meats, meat pies, sausages, and so on, 
these goods are also very commonly dealt with 
by the grocer [see page 3041], occupying one 
whole bide of his shop — the “ provision side ” 
— and a separate window. The trade demands 
considerable knowledge and experience — unless 
conducted in a very small way — and, indeed, 
constant daily supplies from a wholesale house, 
which does practically all the work except 
the actual retailing. Thus, bacon may be 
bought ready washed and dried, and pork 
may be bought in “ lengths,” pork pies ready- 
made, and so on. Many a good shop has 
started in such a small way ; but such small 
shops are hardly to be dignified as provision 
shops. The provision side of a grocery business, 
or the provision trade proper, is one in which 
good profits are made by those who understand 
their business thoroughly, and are able not only 
to sell, but to buy well, taking advantage of the 
frequent and rapid turns of the market ; but as 
the market fluctuations cut both ways, there are 
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few retail bumessos in which so much risk is 
run by the inexperienced or where money is 
so quickly lost. Within the last three or four 
years prices of bacon and cheese have been ruling 
abnormally high, and profits have been difficult 
to secure. 

Starting in Bnaineaa. As regards 
capital, selection of shop, etc., the general 
remarks under the head of Grocery will apply, 
and it is unlikely perhaps that a novice will start 
in the provision trade without grocery, although 
he may certainly do well to give the former side 
of his business special attention and prominence 
if there is a promising opening in the neigh- 
bourhood he has selected for to venture. 

Arrangement of Shop. The provision 
side and window should be that which gets least 
sun. Given this condition, it is often found con- 
venient to allot the right side of the shop to 
provision, and the left to grocery. The “ Practical 
Grocer ” gives the following aetails of a “ pro- 
vision fitting ” for a shop. “ The provision 
fitting would be, say, 12 ft. long, 18 in. deep at 
bottom, and 11 in. above counter height. The 
fitting would have a marble counter shelf 18 in. 
wide, and under same would be fitted uprights 
and shelves, with spaces for eggs, etc. Above the 
counter shelf the wall would be lined to a 
height of 2 ft. with marble, or an imitation tile 
(on zinc) can be executed at much lower cost. 
The centre of the fitting would be provided with 
two iron bars and two hangers for hanging sides 
of bacon upon. At each side of the centre would 
be provided three shelves for tinned goods, and 
a moulded cornice, and the whole hung up to 
ceiling above on iron rods. From the end of 
the provision fitting to the end of the shop 
would be provided a fitting for Italian goods, 
jams, pickles, sauces, etc. This fitting would 
be 12 ft. long, 18 in. deep at counter height, 
and 11 in. above. The lower part of this fitting 
could be used for other goods. Across the 
hack of the shop would be provided a fitting 
with shelves and lockers for sundries.” 

The provision window usually has a marble 
bed,' and a common plan is to have a marble 
shelf about 8 in. wide placed at the back of the 
window, with a mirror at the side*. The window 
may have sliding sashes, so that it can be 
dressed from outside if desired. A light, decorated 
iron frame with marble shelves may bo put in 
the middle and circular stands at the sides, with 
porcelain stands for “ pure butter ” and “ mar- 
garine ” respectively, and art-coloured majolica 
pedestals and pots for palms or terns to give a 
cool and fresh effect. 

Storage. A good cellar, dry, cool, and well 
ventilated, is very necessary. Refrigerators or 
ice-boxes are also useful. They are much used 
in America, for instance, on account of the heat. 
To keep butter free from dust and fresh there 
is nothing better than boxing in the butter 
stand completely with plate-glass fixed on the 
counter. Sparkling glass, polished marble, etc., 
have much to do with ma^ng a shop attractive 
to the customer. The window should be dressed 
thoroughly and attractively every morning. 
Cleanliness everywhere is, ot course, essential 
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in a provision shop. Cheese should be stored 
in a cool cellar, on shelves specially made for the 
purpose, as it is necessary to turn them over 
occasionally to prevent cracking and “ sweating.” 
Bacon needs unceasing vigilance, especially in 
summer. A place with plenty of good ventila- 
tion is best for storing bacon. It should be bought 
once a week, if possible, as much of it is mild- 
cured nowadays, and a quick sale is required. 
Fresh eggs should be kept in a dry, cool place, 
free from any odour which would be capable of 
impairing their flavour. 

Treatment of Stock. In the profitable 
handling of provisions, unremitting care and 
minute attention to detail are essential. Be care- 
ful alimya to avoid overstocking, which means 
certain loss from shrinkage and deterioration. 
All goods should be weighed, checked, or counted 
when received, and claims promptly made for 
damages. Eggs, for example, are a very common 
subject for claims upon railway companies. 
Eggs may be tested for freshness in various ways. 
In the Paris markets eggs are tested by means of 
a glass of brine made by dissolving common salt 
in water in the proportion of a pint to each 
2 oz. of salt. An egg to be tested is dropped into 
the glass. If perfectly new laid, it sinks to the 
bottom ; if more than a day old, it does not rest on 
the bottom ; if five days old, it floats. In this 
country the w'holesale method of testing eggs 
is by what is called “ candling.” A box is 
arranged so as to exclude light, excepting a strong 
light thrown through the eggs under examina- 
tion bj means of a lamp. The light thus projects 
an illuminated image of the egg upon a mirror, 
wherein a fresh egg appears unclouded, while a 
bad one shows a dark spot ; the larger the spot 
the older the egg Eggs that have been preserved, 
as eggs now frequently are, by means of a solution 
of wato-glass, should always be examined thus 
before being sold. If a proper candling lamp is 
not available, one may be constructed by cutting 
an oval hole, the size of an egg, in a piece of 
black cardboard nearly a foot square. Place the 
egg against the hole, and look through it at a 
strong light. If the egg be dark or show spots, 
it should be rejected. In unpacking eggs, sort 
them out into small, medium, and large, and 
price accordingly. 

Butter. In buying butter, Danish rules the 
market, though Normandy and Brittany take 
first rank for fresh in London and the South of 
England. Irish has greatly improved, and fine 
grades run the Danish close, and, it is to be 
hoped, will at no distant date excel it, in 
the English market. But the Danes have 
managed their trade remarkably well, and excel 
in uniformity and regularity, while no expense 
is spared in ensuring rapid transportation and 
delivery in the markets here. Some English farm 
butter is excellent, but the supply is so badly 
regulated that, as a rule, it does not count. 
In contracting for Danish, it is by no means un- 
common to agree to pay the wholesale agent a 
fixed sum per cwt. over the current Copenhagen 
quotation, this quotation being fixed officially 
every Thursday, and regularly published in the 
current trade papers. The Copenhagen Com- 
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mittee have now arranged, since March 29th, 
190fi, that the quotation shall include the 
“ overprice,” so as to avoid the confusion which 
previously arose. Bacon, eggs, etc., are sold 
wholesale subject to specifiedconditions of sale 
fixed by the wholesale associations. Of these 
conditions the retail buyer should inform him- 
self by studying the trade annuals. 

Handling Proviaiona. The following 
miscellaneous hints on handling provisions are 
practical. In cutting up bacon, avoid accu- 
mulating bits ; bad cutting by inexperienced 
hands will prove detrimental. Weigh closely and 
reckon correctly. Best cuts command ready sale 
at profitable prices ; make ends or unsaleable 
cuts low to clear. Label hams with weight, and 
price directly on receipt with both bacon and 
hams, work out cost and profit occasionally by 
actual “ results ” ; it is astonishing how often 
these ^re different from what is looked for. 
Cheese and butter should also be tested for 
shrinkages and estimated accordingly. Do not 
have too much cheese in cut at a time, or dry- 
ness and deterioration will be the consequences ; 
a fresh appearance is the best salesman. Take 
tastings from the inside of a wedge. Butter should 
be kept as fresh and firm as possible. A speciality 
should be made with butters of finest quality, 
and they should be sent out in nicely worked-uj) 
rolls and prints. Keep cut lard neatly wrapped 
in parchment covering, according to require- 
ments ; this prevents loss from hasty weighing. 
Avoid sending out bad or broken eggs. Cooked 
hams, pork pies, sausages, etc., are profitable side- 
lines if quick sales can be effected ; otherwise they 
are best left alone. Ticket everything, and sell at 
marked prices only. Take stock often, adver- 
tise judiciously, endeavour to obtain your cus- 
tomers’ confidence, and a good paying provision 
trade is assured. 

Warranties : Water in Butter. While 
the law specially affecting the sale of provisions 
is dealt with below, it is necessary to point 
out here that in purchasing provisions great 
care is needed. The Board of Agriculture 
is empowered by the Sale of Food and Drugs 
Acts to fix authoritatively the quantity of mois- 
ture permissible in butter, and has decreed 
(1905) that not more than 16 per cent, shall bo 
allowed unless the excess is declared to the 
purchaser. Consequently it is necessary that 
the retailer be on his guard against buying butter 
with more than 16 per cent, of water. A simple 
method of estimating the percentage of water 
in butter is practised in the Cork and Limerick 
markets, and is accurate enough for practical 
purposes, although, of course, it is not a proper 
analysis. It requires only a small saucer-shaped 
vessel, a small spirit or gas lamp, and a cheap 
set of scales and weights such as apothecaries 
use. A piece of butter is weighed and then lieated 
in the saucer over the lamp for a few minutes, 
with constant stirring, until no .more steam is 
observed to arise from it. After being allowed 
to cool, the butter is weighed again, and the loss 
of w^eight shown gives the amount of water 
which was in the butter. A specific warranty 
should always be obtained when buying butter, 



also for cheese, lard, and margarine. It is the 
law that not more than 10 per cent, of butter fat 
shall be found in mi^arine. To any warranty 
the signature or initials of the guarantors must 
be appended. ^ 

Staff* Provision hands receive about the 
same wages as first grocery hands, and should be 
the beat and most experienced men available 
in a shop. In engaging a manager for a shop 
where margarine is sold it is not unusual to 
stipulate by signed agreement that he shall 
respect and observe all the requirements and 
provisions of the Margarine Act, and sometimes 
that he will mdemnify the employer against 
penalites or losses occasioned by neglect or 
irregularity in exposing for sale or retailing 
margarine. Some employers direct in their 
shop rules that margarine and cheese shall be 
“ ironed,” or tested by the managers as to their 
quality before being placed on the counter 
for sale, and that the butterman shall frequently 
wipe the provision scale plate to ke^ it free 
from water and scrupulously clean. It is for- 
bidden to re-wrap margarine on the provision 
side after it has been sold in the legally prescribed 
wrapper ; if a customer wants it wrapped again 
so as to hide the label, she is asked to take it 
across the shop to the grocery counter and have 
it done there. 

Profits* A provision merchant who analyses 
r^ults in his various business departments 
gives the following as gross profits : Bacon, 11 per 
cent, profit, and stock turned over at least every 
fortnight, or twenty-six times in a year ; hams, 
13 per cent., but turned over twelve times only ; 
cheese, 12 per cent., stock turned over eight or 
ten times (cheese profit is usually higher than 
this) ; salt butter, 10 or 12 per cent., turned over 
twelve to twenty times ; fre h butter, about 
12 per cent., stock turned over nearly twenty 
times ; tinned meats, 15 per cent., but turned 
over four to six times, which, however, is not 
so frequent as it ought to be. 

Laws as to the Sale of Provision#. 
The Sale of Food and Drugs Acts, the Margarine 
Act, and the Merchandise Marks Act impose very 
special liabilities on the retailer who deals ip 
provisions and demand therefore his careful 
study and observance. The prejudice caused in 
the minds of his customers by a conviction under 
these Acts is usually greater loss than the actual 
penalty. To deal with the last-named Act first, 
it is under the Merchandise Marks Act that 
traders have been prosecuted for selling ham 
not from Scottish pigs as “ Scotch hams,” and 
bacon not bred in Wiltshire as “ Wiltshire 
bacon ” In the trade “ Wiltshire cut ” appears 
to be thought allowable, but bacon that is not 
cured in the Wiltshire district must not be sold 
as “ Wiltshire,” or trouble is sure to follow. 
The offences defined by the Act are applying to 
goods ‘‘ any false description,” or having in one’s 
possession for sale any goods to which any forged 
trade-mark or false trade description is appli^ ; 
and the expression ” false trade description ” 
means a tr^e description which is false in a 
material respect as regards the goods to which 
it is applied. T^e Pood and Drugs Act and the 


Margarine Act apply mainly to the provision 
dealer because of the great amount of adultera- 
tion that has in the past prevailed in butter. 
The main forms of such edulteration are the 
admixture with butter of margarine, the wilful 
addition of water beyond the legal or the natural 
quantity, and the admixture of neutral fatty 
substances such as coconut oil. Cheese also is 
liable to be adulterated, or rather, imitated, 
“ filled ” cheese having become so common in 
the trade that it had to be dealt with specially 
by the Sale of Food and Drugs Act, 1899, 
under which it must now be sold as ** margarine 
cheese.” 

What is ••Food”? This enactment ex- 
pressly declares that “ for the purposes of the Sale 
of Food and Drugs Acts, the expression ” food ” 
shall include every article used for food or 
drink by man, other than drugs or water, and 
any article which ordinarily enters into or is 
us^ in the composition or preparation of 
human food, and ^all also include flavouring 
matters and condiments.” Under the previous 
Act of 1875 some foods, etc , escaped the law — 
egg powder and baking powder, for instance, 
which are now covered. The main sections of 
these important Acts seek to protect the food of 
the people by prohibiting the mixing of injurious 
ingi^ients with food ; prohibiting the sale of 
articles of food not of the proper nature, sub- 
stance, and quality ; prohibiting the abstraction 
of any part of an article of food before sale and 
selling such without notice to the purchaser ; 
defining butter, margarine, and margarine cheese 
and reg|ulating their sale ; empowering the 
authorities to examine at the ports and else- 
where and take samples of analysis, and so on. 
Section 3 of the Act of 1875 enacts that “ no 
person shall mix, colour, stain, or powder, or 
order or permit any other person to mix, colour, 
stain, or powder, any article of food with any 
ingredient or material so os to render the article 
injurious to health,” and no person shall sell 
any such article, under a penalty not exceeding 
£50, thus regulating the use of preservatives 
and colouring matters such as copper in tinned 
peas and boric acid in milk and butter. 
If a retailer is summoned under the section 
mentioned he can escape bv proving that he 
did not know that the article was injurious to 
health, and could not with reasonable diligence 
have obtained that knowledge. Section 6 of 
the same Act, the principle one under which 
proceedings for adulteration are taken, directs 
that “ no person shall sell to the prejudice of 
the purchaser any article of food or any drug 
which is not of the nature, substance, and 
quality of the article demanded by such pur- 
chaser, under a penalty not exceeding £20.” 

What ia Permitted* No offence is com- 
mitted (1) where any ingredient not injurious to 
health has been added because required for 
the production or preparation thereof as an 
article of commerce in a state fit for carriage 
or consumption and not fraudulently to 
increase the bulk, weight, or measure of 
the food or d^ug, or conceal the inferior 
quality thereof ; (2) where the drug or food 
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is a proprietary medicine or the subject of a 
patent in force, and is supplied in the state 
required by the specification of the patent ; 
(3) where the food or drug is a compounded 
medical prescription ; and (4) where the food or 
drug is “ unavoidably mixed with some extrane- 
ous matter in the process of collection or pre- 
paration.” Either the employer or the assistant 
may be summoned and fined under this Section 6, 
but there is an important protecting section 
which declares that there is no offence in selling 
an article of food mixed with any matter or 
ingi’edient not injurious to health, and not in- 
tended fraudulently to increase its bulk, weight, 
or measure, or conceal its inferior quality, “ if 
at the time of delivering such article or drug he 
shall supply to the person receiving the same a 
notice, by a label distinctly and legibly written 
or printed on or with the article or drug, to the 
effect that the same is mixed.” 

Butter, It might be supposed that this 
would apply to butter, the “ bulk ” of whi'^h 
is increased by the addition of water or milk ; 
but such butter is (1905) allowed to be sold 
in shops where the fact of such admixture of 
milk is brought to the purchasers’ knowledge 
by notice, just as diluted whisky or milk is, 
on the strength of a ruling by the High Court 
that a sale cannot be to the “ prejudice of 
the purchaser ” under Section 6 where the 
seller brings to the purchaser’s knowledge the 
fact that the article sold is not of the nature, 
substance, or quality he demands. 

“ If,” said the (Jourt. “ the alteration is 
brought to the knowledge of the purchaser, 
and ho chooses to purchase notwithstanding, 
it can never have been intended that such a 
transaetion should be interfered with.” It is 
questionable if the public generally realises that 
the butter is not pure, but the merchant who 
puts up his ticket with ” milk-blended ” bntt(*r 
will probably explain as seldom as possible. 
You can bring the alteration to the purchaser's 
knowledge in any way you please so long as 
you do it in some way ; and tliis is why, in some 
hotel bars the legend may be read : “All spirits 
sold here are mixed.” The same protection 
applies to goods such as butter or milk. When 
margarine is sold, that fact must l>e conveyed 
to the purchaser's knowledge by wrapping it 
in a special wrapper, prescribed by the Mar- 
garine Act and the 8ale of Food Act, 1890 ; 
but if margarine is supplied when “ butter ” 
has been asked for it is necessary also to give 
the customer a verbal intimation. 


The Margarine Act. The Margarine 
Act defines as “ butter ” the “ substance 
usually Imown as butter, made exclusively 
from milk or cream, or both, with or without 
salt or other piaservative, and with or without 
the addition of colouring matter.” As already 
mentioned, the Board of Agriculture, which is 
empowered to fix standards, has added to this 
that butter shall not contain more than 10 
per cent, of water if it is to be presumed genuine. 
The Act then declares that “ the word ‘ mar- 
garine * shall mean all substances, whethci 
compounds or otherwise, prepared in imitation 
of butter, and whether mixed with butter or not, 
and no such substance shall be lawfully sold, 
except under the name of margarine, and under 
the conditions set forth in this Act.” To this 
definition the Food and Drugs Act, 1899, added 
that margarine containing more than 10 per cent, 
of butter fat shall not be sold at all — the object 
being to prevent the sale of those “ mixtures ” 
that are peculiarly liable to be passed off as 
butter. This latter Act also defines as mar- 
garine-cheese “ any substance, whether com- 
pound or otherwise, which is prepared in imita- 
tion of cheese, and which contains fat not 
dt^rived from milk ” ; and this article, mar- 
garine cheese, has to be sold under the same 
conditions as margarine. 

Selling Margarine. The retail dealer 
who exposes margarine for sale must attach “ to 
each parcel thereof so exposed, and in such 
manner as to be clearly visible to the purchaser, 
a label marked in printed capital letters, not 
less than one-and-a-half inches square, ‘ Mar- 
garine.’ ” It is also best to place the lump or 
lumps of margarine so exposed for sale on a slab 
liearing the word “ Margarine.” Then, when 
handing margarine to a customer the retailer 
must be careful that it is in a paper wrapper on 
•which is printed the word “ Margarine ” in 
capital block letters, not less than half an inch 
long, and distinctly legible, and with no other 
printed matter appearing on the vTapper. In 
the same way “ margarine cheese ” must appear 
solely on the wrapper of imitation cheese. 
Condensed, skimmed, or separated milk must 
be labelled “ machine-skimmed milk.” Under 
the Margarine Act an invoice is a A^arranty, so 
that if the provision dealer has bought what 1 h‘ 
Wieved to be butter, and it is called “ butter ” 
(not “ Danish ” or “ Irish ” merely), on th<‘ 
invoice, the production of this invoice will 
exonerate him if the substances prove not to be 
genuine. 


CorUinued 
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A LTHOUGH eaten with foods, condiments cannot The Salt-; 
^ be regarded as true fo^, as their food measuring aboi 

value is almost negligible, many (such as pepper, on brickwork, 

mustard, and spices) being largely composed hres. A batte 

of indigestible flore. They may, however, be pans. For ext 

regarded as adjuncts to food, and are taken in com- 1, 2, and 3. T 

paratively small quantities, with the idea of stimu- each fireplace, 

fating the appetitk Most of them contain a small the salt in the i 

proportion of a very active ingredient. Thus pepper fear of overhea 

contains a rosin, “ piperin ” ; mustard, a volatile to drving-rooir 

oil ; and spices similar oils, which give to the condi- on which the 

mcnta their peculiar flavours. These active ingre- particular wor 

dients are so powerful that they would act as divided by a p 

}>oi8ons if taken in really large 

quantities. Acetic acid, too, can V- ^ j j -r' 

only be taken in the diluted form 
jis vinegar. In virtue of the 
chemical nature of the active 

ingredients, many condiments act 1. SETTING OF SALT-PANS 
us food preservatives, es)^ially salt (longitudinal aeotion) 

and the spices. 

Common Salt. Although A ^ 

most condiments can hardly be I 

regarded as necessities, common j ^ 

salt is certainly an exception. It is mam ^ 

one of the essentials for our health i ^ 

preservation. liii "" | 

Natime has endowed this country i mm I 

with salt supplies second to none, mmmM 

boUi in quantity and Salt ^ sALT-PAN 

IS brought to the surface either in 

the form of clear liquid, as brine, or g 

as dry rock, known as rock sc'\ I 

Cheshire brine yields for every ^ J * 

im}ierial gallon 3 lb. 2 oz. of dry ^ I 

salt. Roughly, 1,000 gallons of 
brine produce 1 ton of dry salt 

The brine is said to run under ' ^ 

the earth in channels, and to collect 8. TRANSVERSE SECTION OP 
jn the lowest part of the geological SALT-PAN 

basin at a depth of about 130 ft., 
whence it is pumped to the surface. 

It is suppos^ to result from the 

rainwater percolating to the rock / / P / 

salt and dissolving it. Where fresh X / fc 

water reaches the surface of rock / m l 

sal i , either at the ou terop or tlirou gh ^ 


The Salt-pane. The pans are made of steel, 
measuring about 36 ft. by 24 ft by 20 in. deep, rest 
on brickwork, and ore heated underneath by coal 
fires. A battery usually contains from five to ten 
pans. For examples of ordinary pan settings, see 
1, 2, and 3. This type of pan has one flue, B, for 
each fireplace, A, ana blank places, C, over which 
the salt in the pan can be scraped to the side without 
fear of overheating. D is the salt-pan, and E the flue 
to drying-room ; F F the hurdles, and G the floor, 
on whioh the workman stands. Each pan in the 
particular works we arc describing hiwj two fires, 
divided by a partition wall running halfway to the 
back of the pan. In order to ensure 
^ i • • r f I distrioution of heat, there 

J are five draughts, as they are called, 

* divided bv four parallel walls run- 


8. TRANSVERSE SECTION OP 
salt-pan 


its vinegar. In virtue of the divided by four parallel walls lun- 

chemical nature of the active ning halfway from the back. Brine 

ingredients, many condiments act 1. SETTING OF SALT-PANS is conveyed continuously to the 

as food preservatives, es)^ially salt (longitudinal section) evaporating pan, gentle ebullition 

and the spices. takes place, and enormous volumes 

Common Salt. Although steam pass off from the surface 

most condiments can hardly be a I and disappear up the ventilators 

regarded as necessities, common j ^ *’oof. The temperature of 

salt is certainly an exception. It is iLHiiaHiJlMM mam £ the brine is maintained at about 
one of the essentials for our health i ^ 220® F. 

preservation. liii "" | As the water evaporates, an in- 

Natime has endowed this country j mm I crustation of crystalline salt is 

with salt supplies second to none, mmJ formed on the surface, whioh, as it 

both in quantity and quality. Salt « pr av vrincq of qalt-pan heavy, settles in the cooler 

is brought to the surface either in SALT-PAN crystalline 

the form of clear liquid, as brine, or g deposit of pure salt so formed is 

as dry rock, known as rock 6r'\ I drawn to the side of the pan by 

Cheshire brine yields for every >*• J * moans of a rake [4]. The salt is- 

im}ierial gallon 3 lb. 2 oz. of dry pi ^ I lifted out of the pan by 

salt. Roughly, 1,000 gallons of ^ means of a skimmer 1 5], a perforated 

brine produce 1 ton of dry salt scoop about 18 in. diameter. The 

The brine is said to run under ' excess of liquid drains through the 

the earth in channels, and to collect 8. TRANSVERSE SECTION OF ))crfornt ions and the contents of 
jn the lowest part of the geological salt-paN Iht’ skimmer are transferred to a 

basin at a depth of about 130ft., vooden mould consisting of an open 

whence it is pumped to the surface. box [6] tajiering from one end to 

It is suppos^ to result from the 7^ the other (length, 22 in. and 8 in. 

rainwater percolating to the rock / / pT / by 8 in. at large end), standing 

salt and dissolving it. Where fresh X / m on its smaller end. 

water reaches the surface of rock / / Drying and Packing the 

hall, either at the outcrop or through ^ Salt. When a number of moulds 

fissures in the outlying marl, brine 4. rakb 6. SKIMMER 6. MOULD have been filled and allowed to 
is formed set, they are inverted, tipped out, 

The brine has the following average composition : and conveyed to the* drying-room. The ordmary 

■ I ' ' size block weighs 28 lb. {HO to the ton). Each pan 

subdUnce* Norths ich. Droit wich. Stoke Prior produces 4 tons in 12 liours (equal to about 50 tons 

— a week). 

Sodimn Chloride .. , The drymg-room « heated by the waete heat 

Calcium sulphate . . ’391 -387 •26X irora the furnaces, which passes through long, 

Sodium sulphate .. *U6 *390 ’594 square, iron flues, 4 ft. by 4 ft., placed on the 

Magnesium carbonate ’107 *034 ’034 Aqqj. level, on and around which the blocks are 

Total solids .. 25*866 i?263 26*381 stacked. The temperature of the drying-room 

— -I N . — . — 1 — -- - .i l varies from 120® F. to 150® F. The blocks take six 

Brine is pumped by two plungers from a depth of to fourteen days to dry, according to the tompera- 

64 yards through an 8-in. pipe, and delivered to an ture and weather. The dried blocks now passthrough 

enormous wooden cistern measuring about 36 ft. by a munching machine, and then through a pair of 

32 ft. by 10 ft. deep. From this tank the brine rollers, and finally through sieves, until the required 

passes tnrough pipes to the evaporating pans. grain of salt is obtained. 


SubdUnce* 

North>tich. 

Droit wich. 

— 

Stoke Prior 

Sodium chloride 
Calcium sulphate . . 
Sodium sulphate 
Magnesium carbonate 

Per rent. 
25*222 
•391 
*146 
•107 

Per cent. 
22*452 
•387 
•390 
•034 

Per cent. 
25*492 
•261 
•594 
*034 

Total solids . . 

25*866 

23*263 

26*381 


Brine is pumped by two plungers from a depth of 
64 yards through an 8-in. pipe, and delivered to an 
enormous wooden cistern measuring about 36 ft. by 
32 ft. by 10 ft. deep. From this tank the brine 
passes through pipes to the evaporating pans. 
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SALT (One-third scale) 


The dry 
salt is car- 
r i e d *' by 
“ elevators** 
to the top of 
the building, 
whence radi- 
ate, octopus- 
like, shoots 
oi' feeders, 
reaching to 
all parts of 
a large 
pack ing- 
room where 
SiriB 


busily employed filling damp-proof paper packets, 
which consist of two sizes, and contain 1^ lb. and 
I lb. respectively of table salt. This is never 
touched by hand from beginning to end. 

Preparing Fiahery Salt. The prepara- 
tion of salt for the preservation of food, such as fish 
salt, is made somewhat differently from that of table 
salt. It has to be coarse and distinctly granular 
for sprinkling between layers of fish in boxes or 
barrels, ns, if too fine, it 
would melt too rapidly. 

For fishery salt, the brine 
in the pans is evaporated at 
from 90® F. to 120® F., 
according to the quality to 
be produced. The lower the 
temperature the coarser the 
grain, and the slower the 
operation. 

There are several qualities 
of fishery salt, distinguished 
according to coarseness. The 
first grad© of salt is named 
Second Fishery, a degree 
coarser is Best Fishery; next 
higher grade is X Fishery, a 
still better quality is XX, 
and the highest of all, and 
tl)(‘ coarsest, is Bay Salt [7]. 

From 22 to 25 tons per pan 
per week is the average 
production of fishery salt. 

The Salt Union supplies 90 
per cent, of the salt used in (ireat Britain for fish- 
curing. The pans owned by them have a capacity of 
about 1,000,000 tons per annum. The attempt to 
oust the pure natural article by salts obtained from 
sea-water evaporated by the sun’s rays in hot 
climates is likely to end in failure, as, in addition 
to the great inferiority in composition of the latter, 
there is a liability to the formation of a fungus on 
fish which does not take place with the pure article. 
Sea- water also contains many organic ingredients that 
militate against the proper preservative action of salt. 

The following analysis will show the difference 
in composition between the (Cheshire fishery salt 
and the foreign sun-evaporated sea- water ; 



8, ROCK SALT FROM ADELAIDE MINES 
(One-third scale) 


ecUontH 

( liisbiru 

Sm <>nd 
FlMheiT 

Foieljfu 

Chloride of Sodium (pure sail) 
Moisture 

Sulphate of lime 

Sulphate of inasneBium 
Chloride of mafftiesinm 
Insoluble matter 

Per cent. 
97-32 

1-72 

*sr> 

■os 

•U3 

Per cent. 
89-21 
4-82 
1-48 
3-15 
•9.> 
-39 

100-00 

100-00 


Where Rock Salt ie Found. The geo- 
logical position of rock salt ocems between the coal 
formation and the lias in the new red sandstone of 
the Triassic series. The great rock salt formation 
of England occurs within the red marl, or red sand- 
stone. At Northwich, in the valley of the Weaver, 
rock salt is found in two chief be^, the top being 
about 87 ft. thick, and the bottom ^ ft. The top 
bed is 126 ft. below the surface. 

The mining is done from the bottom of the 
layer of the diick bottom bed, where the best salt 
is found. The natural beds are about 2 miles long 
by IJ miles wide. 

A Large Salt Mine. To support the weight 
above, it is necessary to leave pillars of salt equal 
to about one-twelfth the area of the mine. This is 
done by leaving enormous pillars (somewhat larger 
at the bottom than Ibe top), 10 yd. square and 
25 yd. apart. 

The rock salt raised as blasted from the Adelaide 
mines belonging to the Salt Union, Ltd., at Marston, 
Northwich, is called “ Prussian Rock,” when 
brought to the surface, and the larger pieces resemble 
enormous blocks of granite and porphyry. In places 
it contains veins of deep brown or amber colour 

[light portions. 8 ], grading to 

pale transparent salmon tint 
[dark portion, 8 ] and in some 
parts it is as transparent as 
glass and very pure, and cry- 
stallised in large cubes [9]. 
If taken at base of vein, one 
occasionally finds attached 
pieces of stone [see right- 
hand bottom corner of 10 ]. 
In other places the caverns are 
bristling with ne©dle-sha)^d 
crystals not unlike the familiar 
sal-ammoniac [11], and in 
some few places it is opaque 
and white, falling to pieces 
between the fingers as though 
Nature had already prepared it 
for coarse fishery salt [12]. 
The mine at Marston is 330 ft. 
deep. It is approached by a 
’ }^rix?ndicular shaft about 9 ft. 
wide by means of a biK‘k(‘t 
which emerges into a cavern 
,30 ft. high. This cavern is the largest roc‘k mine 
in (trout Britain. Its walls and domes arc bristling 
w ith crystals of rock salt in the various varieties 
referred to above. This chasm has entirely resulted 
from the removal of enormous quantities of salt 
rock, about and around which there still exist 
almost limitless 
supplies. 

The Mining 
of Rock Salt. 

In order to ob- 
tain the rock salt 
a horizontal in- 
cision is made in 
the wall of the 
rock 7 in. from the 
base, the incision 
being 4 in. deep 
and 28 in. wide. 

This is performed 
by a machine re- 
sembling a very 
substantial circular 
saw with two-way 
teeth arranged 



9. SALT CRYSTAL FROM 
ADELAIDE MINES 
(One-half scale 
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round its oiroumfmnce. The machine is driven by 
oompreBsed air laid on to the mine, and is moved 


forward 

downwaroB 


means of a nab. The out is made slightly 
BO that toe floor apj^rs in ridges. 
The progress of the work depends largely upon 
the hardness of the rook, which varies oonsiderahly 
at different points. To prepare the rock to 
receive the charges for blasting, holes are produced 
by means of an iron pole caUed a chisel, that is rod- 
shaped and tapering towards the end, which is 
beaten out to a spear-shaped head. This is thrust 
into the rock and turned until the required depth is 
reached. In this hole a charge is inserted and fired 
by the aid of a fuse. Sometimes the charges merely 
crack the rock and at others they remove several 
tons. Thus, if large pieces are wanted, a small 
charge is put in vertically by which the face of the 
rock is jus^t cracked and the necessary sizes are 
removed with a pick. If small lumps are required, 
a large charge is put in in a slanting direction, 
which blows the face of the rock to pieces. 

In addition to their mines at 
North wich and Winsford, in Cheshire, 
the Salt Union have mines at Garrick- 
fer^s in Ireland, and they have also 
white salt works at Northwich, 

Winsford, Middle wich (Cheshire), 

Stoke Prior and Droitwich (Worces- 
tershire), Middlesbrough (Durham). 

The Ueee of Rock Salt. The 
rook salt is ground to a powder and 
supplied in bags for agricultural 
.purposes. It is exported in lumps for 
refining and conversion into table 
salts. It is placed unground in the 
stalls of oxen,»- who greedily lick 
it as an adjunct to their food. Brino 
is used in large quantities in the 
“ Solvay ” process for the manu- 
facture of alkali ; white salt and 
rock salt in the “ Leblanc ” process 
for the production of soda and salt 
cake [see Acids and AlkalisJ, n^so 
m copiier smelting. As such it forms 
the basis of several of our most 
important industries, which are dealt 
v'ith at full length under different 
sections. Brine also plays a very important part in 
the process of refrigeration [see Food Preserva- 
tion]. The following list gives the various uses to 
which salt is put: 

Cleaning slimy sjwngfs 
Cleaning stained hands 
Cl^ifiniy)COpper (with lemon 

Making a Arc burn up 
On frozen roads 




With food for cattle 
to improve iwm- 
tite and digestion 
With poultry food 
With all foods de- 
ficient in lialt 
As medicine 
In brine baths 
As an antidote to 
poisons, snake 
and dog bites 
Improving the 
burning of 
paraffin 

Preserving potatoes 
Extracting frost from frozen 
vegetables 

Detecting poisonous mush- 
rooms 

Preserving milk 
Preserving eggs 
Curing hams and bacon 
Pish curing and preserving 
In licpild form, as a fire 
extinguisher 
Laying dust 
disintegration and weathering 


Scouring 

Removing discolorations 
Washing greasy bottles 
Removing Inkstains from 
carpets and tablecloths 
Removing wine stains 
(^arpet cleaning 
DlsMlved in spirit for Re- 
moving grease spots 
Washing silk handkerchiefs 
Mixed with oil for furniture 
poUilies 

Cleaiflug straw matting 
Cleanifig brooms 
Disinfecting 


Consolidating roads 
Destroying insects In gardens 
Destroying vermin in 
manure heaps 
Weed killing 

Doctoring horses, cattle, 
and sheep 

As food for cows to improve 
milking 



OPAQUE ROCK SALT (One-half scale) 


10. ROOK SALT WITH ATTACHED 
STONE (One-half scale) 

Salting down vegetables 
before cooking 
Removing animalcule from 
raw vegetables, such as 
watercress 
Salting butter 
Bread making (added to 
flour) 

Plugging tobacco pipes 
Eating with fruit 
Preserving meat 

Assisting 
of soil 

Absorbing and retaining moisture on the 
ground, and therefore as a preventltive 
of drought 

Assisting the soil to absorb ammonia for 
crops 

Purifying land 

Placing on land to cause cattle to crop 
closer 

Increasing clover croi# 

Checking or preventing potato disease 
Sweetening and preserving fodder, and 
preventing moufdiness in it 
No distinction has been made 
between stow salt, etc., and rock salt in 
the above enumeration, but it may 
be taken generally that salt from 
brine is always used in (’onnection 
with human food and household pur- 
poses, and ground rock salt for all 
others, except wliere colour and a 
high degree of purity is of paramount 
importance. 

Ncttural Vinegars. Genuine 
vinegar has been defined as the “pro- 
duct of the alcoholic and acetous 
fermentation of vegetable juice oi- 
infusion.” That ' is to say, it is 
obtained from some vegetable extract which is 
allowed to ferment, first with the formation ot 
alcohol, which is then converted into acetic acid. 
Vinegar so prepared will consist of a solution of 
acetic acid with various vegetable juices and 
colouring matters. To this class liclong the true 
malt vinegars, prepared from malt or a mixture 
of malt and barley. The materials arc finely ground 
and mashed — that is, extracted repeatedly with 
small quantities of hot wat(‘r till all soluble 
matters are removed. The clear liijuors aie run off 
into a vat, where yeast is added, so that fermenta- 
tion sets in; carbon dioxide gas is given off, and 
alcohol formed in the liquor. This alcohol lias to be 
further oxidised to form aortic acid, for which pur- 
))08eB some means is adopted to expose it effectually 
to the oxygen of the air. The action, however, 
would be slow were it not for growth of a peculiar 
fungus, or “vinegar plant” {Mycoderma aceti). 
Either the liquor is allowed to trickle over twigs 
on which the vinegar plant grows, or the liquor 
passes through barrels on the sides of which the plant 
has develoiied. So prepared, malt vinegar has a 
peculiar and pleasant odour, due to the presence of 
small quantities of organic substances known as 
aldeJhydes, esters, etc., and it is coloured brown owing 
to the presence of organic colouring matters formed 
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ROCK SALl^ IN NEEDLE- 
SHAPED CRYSTALS 
(One-half scale) 





For 

tMs«tmp^ Hat fruit is soalaod in water inonkr to 
Siolten die husk or outer ooraring^ which is -then 
removed by rubbing. Those outer husks possess 
some of the eharaoteristios m the seed, and are used 
to a certain extent for flavouring. It will be seen 
therefore, that the distinction between black and 
white popper lies in the fact that the former oon> 
sists of the seed contained in its husk or outer 
covering, while the latter is hujled and contains only 
the kernel. The peculiar pungency characteristic 
of pepper is due to the presence of an acrid resinous 
sul^tance, besides which it contains small quantities 
of an oily “body termed piperin, starch, and cellulose 
or woody fibre. The following table represents the 
average proportions of certain substances in black 
and white pepper (Clifford Richardson) ; 


18. SCRAPED GINGER 

in the process. Small quantities of vinegar are 
also pr^ared from inferior wine, but very little 
prepared in this manner is met with in this country. 

Artiflcal Vinegars. In contrast to these 
natural vinegars are the artificial tvood vinegars, 
prepared by doctoring a solution of acetic acid 
obtained by distilling wood and small quantities 
of caramel, other substances being added to — 
imitate the colour and appearance of malt 
vinegar. A great deal of the vinegar sold is 
prepared in this way from acetic acid, and 
at times illegally labelled “ malt vinegar.” At 
one time the so-called distilled or white vinegar 
was prepared by distilling the malt vinegar. 

It is difficult to see what advantages were 
gained by doing this, as the vinegar so pre- 


Per cent. 

Per cent. 

8 

to 

11. 


to 

11 

2-’ 

75 to 5 

1 

to 

2 

•1 to 1 

•75 

•5to 1 

•76 

7 

to 

8 

7 

to 

8 

32 

to 

38 

40 

to 

44 

8 

to 

n 

4-Jl 

to 

8 

7 

to 

12 

8 

to 

10 


Water 
Ash . . 

Volatile oil 
Plperin and resin 
Starch 
Fibre 

Albuminoids 


The manufacture consists in grmdmg the corns 
and separating the groimd particles by means of 

sieves. It is found that most of the active 

constituents are contained in the finely- 
divided particles, the coarser particles 
containing mineral impurities and forming 
an inferior product. 

Analysing Pepper. The analysis of 
pepper is made chiefly for the purpose of 
detecting adulterants, and much ingenuity 
has been expended by unscrupulous dealers 


pared is indistinguishable from diluted acetic 4 ^ pimento ^ incorporating with the pepper substances 
acid. A small quantity of sulphuric acid ' which arc not easily discovered by the 

used to be regularly added to the vinegar with the analyst. Besides the coarser mineral adulterants, 
idea that it helped to preserve it. Such an addition such as china clay and starch, substances such as 

IS now illegal, and must be looked for in analysing a ground olive stones and long pepper may also be 

sample. On evaporating a small quantity of vinegar added. The difficulty of the analyst is considerably 

in a platinum dish to dryness, the solid matter will increased by the fact that samples of genuine 

have a tendency to carbonise even at 100° C. if sul- pepper vary considerably in chemical composition 

phunc acid be present. Hehner evaporates 50 e.c. among themselves. The analyst has to rely chiefly 

to ^ynesB with 25 c.c. of N/lO (NaOH) which is on his microscope. Thus, foreign starch will have n 

ignited at a low temperature ; 25 c.c. of dccinormal different appearance to that peculiar to pepper 

hydrochloric acid is then added, and the dish warmed itself. Any large addition of fibrous material, such as 

bo drive off the carbon dioxide. The solution is ground olive stones, may be detected by estimatinj; 


acid. A small quantity of sulphuric acid 
used to be regularly added to the vinegar with the 
idea that it helped to preserve it. Such an addition 
IS now illegal, and must be looked for in analysing a 
sample. On evaporating a small quantity of vinegar 
in a platinum dish to dryness, the solid "matter will 
liave a tendency to carbonise even at 100° C. if sul- 
phuric aeid be present. Hehner evaporates 50 e.c. 
to ^yness with 25 c.c. of N/lO (NaOH) which is 
ignited at a low temperature ; 25 c.c. of dccinormal 
hydrochloric acid is then added, and the dish warmed 
to drive off the carbon dioxide. The solution is 
filtered off from any residue and now contains the 
tree acid originally present in the vinegar, wdneh 
may be titrated, using phenol phthalein as an 
indicator in the usual manner. 

An opinion can be formed as to whether a stimple 
of vinegar is genuine malt vinegar or not by a com- 
bination of tests, such as specific gravity, total solids, 
nitrogen, phosphoric acid and acetic acid. The 
latter can be directly estimated by titrating the 
vinegar with decinormal soda and phenol phthalein 
as an indicator. Every cubic centimetre of N/10 
(NaOH) is equivalent to ‘OOG grammes of acetic acid. 

Pepper. Two varieties of pepper are commonly 
met mth—hlark and white pepper. Both are 
obtained from a climbing plant, the piper nigrum, 
often trained like hops or vines to grow on poles. 
As soon as the berries show signs of turning red 
they are jacked off and dried. Black pepper con- 
sists of this dried unripe fruit, in the form of rounded 
berries about one-fifth of an inch in diameter. 
The outer covering is then blackish brow-n and 
wrinkled and contains a seed of a yellow^ brown or 
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15. COATED GINGER 





tiie odliilose or omde fibre; tJiiiB, unadulterated 
white pepper may average, say, 6 per cent, Uaok 
pep|» ^ per cent Long pepper will contain aa 
mow as Zl per cent, and ground olive stones 60 
to 70 per oent. Unfartmiatelv^ authorities differ a 
good deal even here, not omy on account of the 
variation m composition of genuine samples, but 
in the meihods employed in estimating fibre. 

Cayenne Pcmer. Cayenne pepper is ob- 
tained from the dried ripe fruit of the Capsicum 
fastigialum and Capsicum annum, which grow in 
the tropical parts of Africa and America. The 
pods are orango-red in colour, perhaps i in. or 
so in length, Imving a shrivelled appearance. In- 
side are smdl white, rounded seeds. It owes its 
peculiar jn’operties to a body known as capsicum, 
which is cofourleBs, and has a very acrid taste. 
In addition to this, cayenne pepper consists of 
fibres and small quantities of fats and resin, but it 
is noteworthy that it contains no starch; for 
analysis the chemist must rely mostly on its 
microscopical appearance. 

Mustard* There are two plants which furnish 
us with the raw material for the manufacture of 
mustard — namely, the black and white mustard 
plants {Sinapis nigra and alba), yielding respectively 
black and white mustard seeds. Both plants are 
found growmg wild in most parts of Europe, the 
white mustard rather more in the south. The seeds 
differ a great deal in appearance. The 
white are about one-twelfth of an 
inch in diameter, and of a palish 
yellow colour, while the black seeds 
are considerably smaller, only about 
one-fifth of the weight of the white 
ones, and reddish* to dark brown in 
colour. It is only the black mustard 
seeds which produce the peculiar 
volatile oil with the penetrating, 
pungent odour known as allyl 
isothiocyancUe, so irritating to the 
nose and eyes. It is formed when 
the seeds are macerated with water. It is, however, 
a curious fact that the addition of white mustard 
increases the yield of the volatile oil. 

To prepare mustard powder, a mixture of the two 
seeds is crushed between rollers and ground up. 
Tlie product is then passed through sieves and an 
impure mustard flour obtained. This flour is then 
subjected to a second sifting operation, and the 
product is ready for the market. 

The aUyl isothiocyanaic exists in mustard in 
combination as glucoside {Potassium myronait), 
which is split up in the presence of moisture by a 
ferment, myrosin, also found in the seeds. White 
mustard contains myrosin, and therefore aids the 
formation of allyl isothiocyanate, although it docs 
not itself contain any of the glucoside. If you 
wish to prepare some of this volatile oil you merely 
require to macerate the black seeds with water, and 




NI7TMBGS aND MilCB 

after standing for a time, distil, when the oil will 
pass over with the steam. 

In addition to this volatile oil, mustard seeds 
contain some 35 per oent. of a fixed oil or fat, 
which is practically odourless and tasteless. There 
are also present albuminoids, from 25 per cent, to 
30 per cent., cellulose, and about 1 per oent. of 
sul(muri Mustard, however, contains no starch, 
so that this possible adulterant is e isily detected. 

The following are the figures obtained in a number 
of analyses of gei nine mustards 
(Clifford Richardson) ; 


Water 
Ash . . 
Volatile oil 
Fixed oil 
Starch 
Fibre . . 
Albuminoids 


3 to 7 

4 „ 6 

5 „ 2 
31 „ 37 
None 

5 „ 18 
25 „ 32 


per cent. 


17. CARDAMOMS 



CINNAMON 


s8 


Adulterants of Mustard 

In addition to starch, other adul- 
terants which have been detected 
fiom time to time ore turmeric, cayenne jx)p})er, 
buckwheat, flour, clay, gypsum, and other mineral 
matters. Some mustard is poor m oil, being pre- 
pared from “ mustard cake,^’ the residue left after 
pressing the oil from the ground seeds. The amount 
of oil is easily estimated by extracting with ethci. 
[For further details and a description of other pro- 
cesses see Analytical Chemistry. | 

Starch is easily detected by boiling with water, 
and then testing with iodine. Other adulterants 
may be detected by estimation of the fibre, albu- 
minoids, ash, and other constituents. 

Ginger* Ginger is the dried root, or, more 
correctly, rhizome, of the ginger plant [Zingiber), 
which is a native of India, but has been introduced 
into a number of other countries, siic'h as Jamaica, 
Africa, and Japan. The liest qualities come from 
Jamaica. It is prepared by scraping off the outer 
skin, washing and drying in the sun, and forms 
rounded, elongated pieces, branching off from one 
another [18]. The usual colour is a pale buff, but 
sometimes the outer skin is not removed, “ coated 
ginger” [16], or the scraped root is whitewashed with 
chalk or chloride of lime to iireserve it from the 
attacks of insects. The peculiar odour of gmger is 
due to a volatile oil, amounting to about J jicr 
cent, of the weight of the root. The pungent 
taste is due to another constituent. In general, 
the composition of ginger varies a good deal ; it 
contains resins, starch, fibre, and mineral matters. 
The following figures will give an idea of the 
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roBulte obtained in the analysis of several samples 
(Permain) : 

Per cent. 

Ash (not including sand) 3*1 to 5*0 

Ash soluble in hot water 1*8 „ 27 

Ether extract (oil and resins) . . . . 2*5 ,, 5*0 

Alcoholic extract after treatment with 

ether (resms, etc.) 27 „ 3*4 

Fraudulent practice in dealing with ginger is 
mostly confined to the sale of the exmiusted ” 
product— that is to say, ginger which has been 
ground up and the essential constituents removed 
by digesting with weak spirit for making essences, 
etc. This form of adulteration is the more difficult 
to detect as the appesurance of the ginger is not 
altered. A good test for exhausted ginger consists 
in determining the alcoholic extract after treatment 
with ether. This should average about 2*8 per cent., 
while exhausted gingers may average 1 *4 per cent. 
(Dyer.) 

Spices. Among the spices, Caraway Seeds are 
the dried fruit of the Carum carui, and contain 
about 6 per cent, of a volatile oil. Goves are the 
dried calyx and flower buds of the Eugenia caryo^ 
phyllataj a sort of rayi*tle which grows in Zanzibar 
and the West Indies. As 


varkHtt other waste materials, such as sand, gypsum, 
walnut and coconut shells ground up, ground olive 
stones, mustard husks, pepper refuse, etc. These 
adulterants are readily mix^ in with the ground 
spice, it is therefore much bettw to buy the whole 
spice and grind it as required for use. But even 
then certain adulterations may be effected. Thus 
cloves may be mixed with an undue proportion of 
stalks, or the material maybe exhausts to removu 
the essential oil, as in the case of ginger. Under 
such circumstances, chemical and microscopical 
analysis alone can supply us with the required 
information. 

Metlioda of Analyois. In conclusion, we 
will indicate briefly the methods adopted in analys- 
ing the condiments mentioned in this article. 
Moisture is determined by drying the finely pow- 
dered samples at 100° to 105° C. till no further loss 
in weight takes place. Ash is determined by igniting 
2 to 5 grammes m a platinum crucible, and weighing 
the residue. The ash should be white, or nearlv 
so, and tfec from black spots due to incompletely 
burnt particles. Oil and fatty matters arc deter- 
mined hy extraction with ether in a Soxhlet. By 
means of this apparatus ether vapour rising from 
a flask in which it is 


in other spices, they owe 
their peculiar flavouring 
properties to a volatile 
oil, of which they contain 
up to 16 per cent. All- 
spice or Pimento [ 14 ] is 
the small, dried berry of 
another variety of myrtle, 
the PimenUi offlHmha. It 
contains about 4 per cent, 
of ..n oil similar to oil of 
cloves. Being cheaper, it 
is sometimes used to 
adulterate the latter. 
Mace is the outer coat or 
uriUua of the Nutmeg, the 
fruit of the nutmeg tree, 
Myristica fragrane. Fig. 



made to boil is condensed, 
and drips on to the sub- 
stance to be extracted. 
It is necessary that the 
solvent used should be 
volatile like ether. The 
fibre, or etude fibrCf as it 
18 sometimes termed, is 
obtained by taking the 
residue after extraction 
with ether, and boiling it 
(say 2 grammes) with 20(1 
c.c. of IJ per cent, sul- 
phuric acid for half an 
nour, washing free from 
acid, and then boiling with 
200 c.c. of IJ per cent, of 
caustic soda for half an 


16 shows a nutmeg in 10^ CASSIA hour, after which the 

shell, with the coating of material is washed with 

mace, pieces of the mace stripped off, and also the water till free from alkali, dried at 100° C., and 

shell broken open with the nutmeg inside. Nutmeg weighed. The residue is then burnt to ash, and the 

contains 6 per cent, of a pungent volatile oil, and weight of the ash subtracted from the weight of the 

maceabout4iper cent, of a volatile oil. Cardamoms dry residue; this gives the weight of the fibre, 

[17] are the dried ripe seeds of several plants, and which, multiplied by 60, gives it in the form of 

mcliide the so-called “ grains of Paradise.” In the percentage on the original substanct* taken. For 

illustration two shells have been cut open, showing the albuminoids, I gramme of the substanc-e is heat^ wit li 

black seeds inside. They contain the usual volatile 10 c.e. of nitrogen-free, strong sulphuric acid, until 

oil and resin. Cinnamon [18] is the bark of several the black carbonisation products are completely 

allied trees, the best of which comes from Ceylon. destroyed and the liquid is white. This operation is 

The bark is stripped off in spring and autumn. It hastened by adding 8 grammes of potassium sulphate, 

contains up to 1 per cent, of an essential oil to which which raises the boiling point of the liquid so that it 

it owes its flavouring pro^rties. It is sometimes can be heated to a higher temperature. It is best to 

adulterated with Cassia [19], the bark of trees of the use special flasks mafle of Jena glass. When cold, 

same genus, but of inferior value. Cassia is easily the residue is taken up with water into a large 

distinguished from true cinnamon, the latter consist- flask, and distilled with soda. The nitrogen of the 

ing of thin curled pieces from which the outer and albuminoids, which has been converted into am- 

inner coats of the bark have been removed, while jnonia by the heating process, now passes over, 

cassia forms thick pieces, consistmg of the entire and is absorbed in a definite quantity of decinormal 

bark, sulphuric acid. Wlien the distillation is complete. 

Adulteration of Spices. Spices are very the excess of acid is titrated back. The number 
frequently adulterated, sometimes by the substitution of cubic centimetres of decinormal acid neutralised 


of an inferior article, such os pimento for cloves or by the ammonia multiplied by *875 will give the 
cassia for cinnamon, and also by the addition of percentage of albuminoids in the original substance. 


CJoNDiMENTs Concluded ; followed by Fruit Preservation 
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By HERBERT J. ALLPORT, M.A 


Proposition 22. Theorem 

If one angle of a triangle is greater than another, 
then the side opposite to the greater angle is greater 
than the side opposite to the less. 

Let ABC be a A in which l ABC is > ^ ACB. 
It is required to prove that AC is > AB. 

4 Proof, If AC is not greater 

/V than AB, either 


AC= AB 

or AC is < AB. 

Now AC cannot be equal 

^ ^ to AB, for then the l,ABC 

would e^ual the iiACB {Prop, 6), and the 
hypothesis states that this is not so. 

Neither can AC be <AB, for then the ^ ABC 
would be <z.ACB (Prop. 21), and again the 
hypothesis states that this is not so. 

since AC can neither be equal to nor less 
than AB, AC is > AB. 


PARALLELOGRAMS 
Definitions. A parallelogram is a quadri- 
lateral figure whose opposite sides are parallel. 

A diagonal of a quadrilateral is a straight 
line joining opposite angular points. 


Proposition 23. Theorem 

In any parallelogram 
(i.) The op^Ktsite sides are equal. 

(ii. ) Ihe opjfosite angles are equal, 

(iii.) Ea^ch diagonal bisects the parallelogram, 
(iv. ) The diagonals bisect each oiiMir, 

A 5 Let ABCD be a £7, 

and AO, BD be its 
/ / diagonals, intersecting 

at (). 

It is required to prove 
O ' C> that 

(i.) AB=Cr), andBC== AD. 

(ii.) ^ABC== Z.ADC, and ^DAB= ^DOB. 
(iii.) AAB(^ = AADOinai’ea. 

A DAB = ADCB in area. 

(iv.) AO - OCand BO= OD. 

Proof, (i. ) Since AB is 1| to CD and AC meets 
them 



lBAC = z-DCA (Prop. 12) ; 
and, since AD is i| to BC and AC meets them 
^ACB- LDAC(Prop. 12). 

Hence, the two As ABC, ADC have two lb 
of the one equal to two lb of the other, and 
they have also the side AC common to both. 

A ABC = A ADC in all respects (Prop. 19). 
AB= CD, andBC- AD. 

(ii.) Since A ABC — AADC in all respects 
Z.ABC- ^ADC. 

Again, it has been proved that 

^ BAC - L DCA and l DAC = L BC A. 

.'. the whole lDAB— the whole I.DCB. 

(iii.) We have already proved that the area 
of A ABC — area of AADC^. 


In the same way it can be shown that As 
DAB, DCB are equal in area. 

(iv.) In the As AOB, DOC 

L BAG = alternate L DCO (Prop. 12) 
^AOB- ^ COD (Prop. 3) 

AB-CD (by i.) 

A AOB — A DOC in all respects (Prop. 19). 
AO = OC, and BO = OD. 

Corollary 1. If one angle of a parallelogram is 
a right angle, all its angles are right angles. 

In the figure, since AD is || BC and AB meets 
them 


L DAB 4 - L. ABC — 2 right l s (Prop. 12). 

Hence, if one of these ^s, say lDAB, is a 
right L , the other must also be a right L . But 
the opposite lb of a O are equal, 
all the LB must be right lb. 

Corollary 2. If two adjacent sides of a 
parallelogram are equal, all the sides are equal. 

DeHnitions. t. A parallelogram whose 
angles are right angles is called a rectangle. 

2. A rectangle whose sides are all equal is 
called a square. 

3. A rhambus is a parallelogram whose sides are 
all equal, but whose angles are not right angles. 

4. A trapezium is a four-sided figure having 
ttoo of its sides parallel. 

Proposition 24. Theorem 

If one pair of opp>8ite sides of a quadrilateral 
he equal and jarallel, the quadrilateral is a 
parallelogram. 

Let AB(^D be a quadrilateral in which AB is 
equal to CD, and also || to CD. 

It is required to prove 
that ABCD is {I ri. 

Proof, Join AC. 

Then, since AB is 1| to 
CD and AC meets them 
L BAC - L DC^A 
(Prop. 12). 

Hence, in the As ABC, ADC, 

AB - DC, 

AC is common to both As, 

_BAC- ^DCA. 



As are equal in all respects (Prop. 4). 
^BCA- Z.DAC. 

But these are alternate lh. 

BC is II to AD (Prop. 11). 

Hence, ABCD is a CJ. 

The student should find no difficulty in prov- 
ing the following propositions for himself. 

1. If the opposite sides of a quadrilateral arc 
equal, the quadrilateral is a parallelogram, 

2. If the opposite angles of a quadrilateral are 
equal, the quadrilateral is a parallelogram. 

3. If the diagonals of a parallelogram are equal, 
the parallelogram is a rectangle. 

4. If the diagonals of a quadrilateral bisect each 
other, the quadrilateral is a parallelogram. 
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Froponitlcn 25. Theorem 

The MntigM Ime which joins the middle points 
of two sides of a triangle is parallel to the third 
Me and equal to half of it. 

Let be a Ay and let £ aod F be the 
middle points o£ AC and AB respectively. 

It is required to prove 
that FE is || to BC, and 
that FE=*BC. 

Proof. Through C, 
draw CG li to B^ to 
meet FE in the point G. 

Then, since FA is |1 CG, 
and FG meets them, 

/. z.AFE= ^CGE(iVop. 12), 

Also, L AEF = L CEG {Prop. 3). 

.*. the As AEF, CEG have two Z-s of one 
equal to two z.s of the other, and side A£ 
= side CE. 

they are equal in all respects. 

CG- AF. 

But AF=BF. 

,\CG-BF. 

Hence, the figure BCGF has one pair of sides 
equal and parallel. 

BCGF is a O (Prop. 24). 

FE is II to BC. 

Again, to prove that IF = J BC. 

Bisect BC at D, and join DE. 

Then, since DE joins the middle points of 
two sides of the A AB(^, DE is 1 ! to the third 
bide AB. 

. /, BDEF is a O- 

/. FE - BDiProp. 23). 

But BD-4BC 

FE - i BO. 

Proposition 26. Thoorem 

If through the middle point of one side of a 
triangle a straight line be drawn parallel to a 
second side, it Ml bisect the third siae. 

Let ABC be a Ay and 
let F be the middle 
point of AB. Through 
gF draw FE || to BC, 
meeting AC at E. 

It is required to pr<»ve 
that E is the middle 
^ point of AC. 

Proof. Through C diaw CG || to BA, meeting 
FE at G. Then 

BCGF is a O- 
CG - BF {Prop. 23). 

But BF - FA. 

/. CG - FA. 

Hence, since CG and FA are equal and ||, 

/. figure FCGA is a O (Prop. 24). 
the diagonals AC and FG bisect each other 
{Prop. 23), so that E is the middle point of AC. 

Proposition 27« Theorem 

If a number of parallel straight lines cut off 
equal portions cm one straight line, they wiU also 
cut off equal portions on any other straigJU Une. 

Let AP, BQ, CR, DS be parallel straight lines 
which cut the line AD so as to make AB, BC, 
CD equal to one another. 




Let PS be any other straight line, cutting the 
parallels at P, R, S. ' 

It is required to prove that PQ, QR, RS are 
equal to one another. 

Prdof. Through P 
and Q draw PM, QN, 
!| to AD, and meeting 
BQ, CR at M and N 
reiroectively. 

Then ABMP and 
BCNQ are Os- 
PM = AB, and QN - BC (Prop. 23). 

But AB=BC (Hyp.). 

PM - QN. 

Again, since PM and QN are ||, and PR meets 
them, 

^QPM- ^BQN (Prop. 12); 
and since QM and RN are jl, and PR meets 
them 

Z.PQM- Z.QRN (Prop. 12). 

/. in the As PQM, QRN, 

^QPM- ±RQN 
^PQM- Z.QRN 
and PM-QN. 

/. As are equal in all respects (Prop. 19). 

.-. PQ=QR. 

In a similar way it can be proved that QH 
— RS. 

.*. PQ» QRy RS are all equal. 

Proposition 26. Problem 

To divide a given straight line into any number 
of equal parts. 

Let be the given straight line, which 
it is required to divide into, say, five equal 
parts. 

Construction. Through A draw a straight 
line AH, in any direction. Starting from A, 
mark off five equal 
lengths, AP, PQ, 
QR, RS, ST. Join 
TF. Through P, 
Q, R, S, draw 
straight lines || to 
TF, cutting AT at 
the points B, C, D, 
E. (This is done 
with the aid of set-squares. ) Then AF is divided 
into five equal parts, AB, BC, CD, DE, EF. 

Proof. A number of || lines PB, QC, RD, 
etc., cut off equal portions from the line AH. 
(By construction.) 

they cut off equal portions from the line 
AF (Prop. 27). 

AB- BC-CD- DE-EF. 

Loci 

The locus of a point is the line which it 
traces when it moves according to some given 
law. For example, if a point moves so that it 
is always a constont distance from a given fixed 
point it traces the circumference of a circk 
(Def. 11). The locus of the point is therefore 
the circumference of a circle whose centre is the 
fixed point, and whose radius is the constant 
distance. 



Continued 
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Gpoud 7 

INSURANCE AS A CAREER INSURANCE 

Various Branches of the Profession. Life and Industrial Insurance. How to 1 

Become an Actuary. The Institute and Faculty of Actuaries. Examinations pouowing on laskiso 


By W. A. BOWIE 


•yHE business of Insurance consists of the receipt 
* by the insuring office of a sum of money, 
termea the premium, in consideration of its 
undertaking to pay a larger sum upon the 
happening of a certain contingency to the 
person or property insured. The premium is 
estimated after consideration of any available 
statistics relating to the kind of risk which is to 
be insured against. Let us take an example. 
From statistics relating to the ages at death of 
certain observed persons, a table showing the 
probability of death can be constructed, and 
upon this table life assurance premiums may 
be calculated. 

The Scope of Insurance. Or, from the 
record of past experiences of fires in a certain 
town and in certain classes of property, we can 
approximately fix premiums which should cover 
the risk of fire in the same town for the 
several kinds of property. A moment’s thought 
will show over how wide an area of the world’s 


that, as he rises to more responsible work, his 
outlook will be wider and clearer. An example 
will suffice to show what we mean. 

A boy is a clerk in the head office of a large 
company and is attached for a year or two to 
the department responsible for the writing out 
and issue of fire policies. This is only one of a 
dozen departments of a fire company, but the 
boy will find that practically all the books and 
methods of working mav, if he likes, come under 
his observation. He will find, almost invariably, 
that by exercising a little courtesy towards his 
superiors he can obtain an answer to any ques- 
tion he may ask concerning their own depart- 
ments. By reading lectures and papers bearing 
on these other departments he will form a fair 
idea of the general lines of work which, on the 
day when he is promoted to one of the smaller 
branches of the company, with three or four 
departments in his charge, will be of consider- 
able use to him. Here let us advise the student 


business the province of insurance extends. 
Every ship on the sea runs risks hourly which 
the insurance expert must consider ; and every 
street accident reported by the police is an 
item in the statistics which govern the fixing 
of an adequate premium in the great business 
of insurance against personal accident. It is 
practically impossible for any one man to l)e 
an expert in every department of insurance 
work, but the profession is one wnich calls for 
the exercise in its higher branches of considerable 
brain power ; and many of its developments have 
proved of fascinating interest to some of the 
foremost mathematicians of past generations. 

We give it as a personal opinion, based upon 
a wide experience covering many years of work 
in Elngland and Scotland, that an insurance 
career is well worth entering upon in the case 
of a young man with a good education, a fair 
amount of brains, and an earnest desire not only 
to do the work assigned to him but to qualify 
himself by all available means. 

Growing Opportunities. While, during 
the twenty years ending with 1905 the number 
of first-class insurance offices in the United 
Kingdom has decreased by amalgamation 
rather than increased by new ventures, the 
number of important branches created in the 
metropolis and the provincial towns has been 
so great that fresh chances for young men 
of ability and proper training have been very 
much extended. A young man who enters a 
large insurance office is often at a loss to know 
how to direct his studies, and our aim is to 
encourage him not only to master the depart- 
ment in which he is placed, but so to cultivate 
his education in the general subject of insurance 


to read as many as he can of the papers delivered 
by experts before the insurance institutes of the 
United Kingdom, the best of which are published 
as annual volumes entitled “ Journal of the 
Federation of Insurance Institutes of Great 
Britain and Ireland.” Tliere are, besides, many 
papers not included in these collections which 
would well repay perusal. Most of these publi- 
cations are to be found in the libraries of the 
various insurance institutes, and in the head 
offices of the larger companies. 

A knowledge of shorthand often brings a 
young clerk into close contact with one of the 
chiefs in the office, and, if he has the ability to 
rise, the youth will often be picked out for some 
occasional special service. A good knowledge 
of arithmetic is indispensable. 

The chief branches of the business of insurance 
are life, fire, marine, accident and contingency. 

Life Assurance. We will take first the life 
branch, which has been most highly developed 
on scientific lines. The theory of life (!on- 
tingencies may almost be said to l)e an exact 
science, and its study as applied to insurance 
constitutes an entire branch of the profession. 
A young man who enters a life office may, 
if he is quick at figures and fond of mathe- 
matics, think it worth while to study in order 
to pass all the examinations necessary to become 
an actuary. We shall come later to discuss the 
lines on which he should proceed in order to 
reach this coveted position. Many young men, 
however, who promise to develop good businesN 
capacity may bo altogether unsuited for the 
hi^er branches of mathematical work. For 
them a position as secretary or manager may 
be the goal. 
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fouHi iitisM Qv^eliy Mito liimaelf «oqiia3iited 
wiHi to metlMHii ^ vrari^ ftopoMis wA 
toli^g to policies issiM* The pro- 

poeud lonaw liave to be soanned to see 
tot ju> iireguiu answers axe ^ven ; and the 
variety of policies issued, with the precise 
phrasei^ogy used in each case, should be noted. 
Any spec^ conditions endors^ on the back of 
polioieB are of great importanoe, often amdifyiag 
to contract, or chargine extra premiums for 
special risks. Insured lives — the insurer is 
Imown in to insurance office as a life — 
sometimes transfer their policies in security to 
a bank or a private individual. The transaction 
is called an wsignmerUf and notice of it is 
generally given to the company. 

Ques^ns of title often arise as to whom the 
policy really belongs, and the correspondence 
with the persons interested in the matter is 
gwierally well worth study. It may be pointed 
out here that it is highly essential that a clerk 
should early learn to compose a good letter. The 
writing of a few esBa 3 rs in a literary society is a 
capital aid to the cmtivation of a good style. 
Every young man should make a point of reamng 
both the letters received and the copies of 
the answers which will have been filed. The 
correspondence, which is generally free to the 
clerks, is an education in itself and will show 
an expert manager’s methods of dealing with 
difi* cult matters as they arise. 

The meibods of attending to the collection of 
renewal premiums should be closely observed, 
particularly the precautions taken to see that 
one premium is paid before notice for another 
is despatched. The student will also become 
thoroughly acquainted, not only with his own 
company’s prospectus and table of rates, but with 
those of other companies as well, noting special 
conditioned as to bonus distribution, foreign 
residence, surrender values, and the like. 

Office BooKe and Accounts. It is very 
important that a careful record of all trans- 
actions in connection with each policy be 
entered on the registers, and the sooner a 
clerk becomes familiar with the use of each 
book in the office the better for his prospects. 
He must know the principles of bookkeeping 
[see Clerkship] and how they are applied to 
the accounts of the departments of his own 
office. He should notice how premiums on new^ 
and renewal policies are debited to agents and 
collected by them ; how agents’ commissions 
are allowed and paid, and how all financial 
transactions are brought by skilful summary, at 
the end of six months or a year, to a focus in 
a single statement called a Revenue Account, 

Claims, Life offices are concerned not only 
with receiving money, but with the payment of 
sums on the death of the insurer, or, perhaps, on 
his reaching a certain age. The aim of the 
office should be to meet a claim as {U'omp^y as 
possible, and for this purpose to grant every 
iaoility to the persons interested. Many a good 
freeh insurance has been secured by the ready 
settlement of a claim. A study of me causes of 
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Ow inaanaoe kqeM. sltas avMii ]»)v some 
wedoMBS tmd^tooted st to Btsrt Iuub been the 
osBBe «if ulthusto death ; or to fsarily history 
may show that tove ka tendency to premature 
death from certain causeB which have affected 
to insured as well as his family. It is always 
helpful to notice irith what skill the chief 
meoioal officer and the actuary or msmager have 
dealt with hazardous lives, and how far their 
action has been justified. 

Loans and Inweatmenta. Ihe lading 
of money does not generally come much before 
the office staff. The directors and to manager 
deal with questions of immense importance 
when, at to board table, they decide how 
many thousands of pounds are to be safely 
invested. But to study of to investment 
ledger and of the annual balance-sheet will 
show a learner on what careful lines a British 
board of directors put® money by. Care is 
always observed that no speculative securities are 
bought, even if they yield a high rate of interest. 
The securities purchased must, however, 3 deld a 
good and safe return. Fortunately a life office 
can lend money for long periods, and therefore it 
is often approached by those who do not wish 
their mortgages to be disturbed so long as the 
interest is duly met. A war, or great stagnation 
of trade, may often depreciate to value of first- 
class securities, and an insurance company must 
be careful not to put too high an estimate upon 
stocks in its balance-sheet. In 1903, for instance, 
Consols and other first-class investments had 
depreciated to such an extent that many insur- 
ance offices wore compelled to write off as a loss 
sums runnii^ into thousands of pounds, because 
toir securitiee had fallen below the current 
selling value. Some companies undertake to 
granting of loans oombizied with life assurimce on 
security of comparatively small houses, and a 
wide field is opened out for to study of sur- 
veyors’ reports to find vdiat are to different 
precautions taken on behalf of the lending 
company to ensure that to property is safe and 
can readily be sold if default takes place. 

The Legal Depax^tment. Questions of law 
constantly arise in many connections. A policy- 
holder has assigned his policy and witos to 
know how he can get it re-transferred to him- 
self. Or he has taken out his policy in favour 
of his wife and she has died. What is he to do ? 
A member dies and it is found that he has 
pledged to interest in his policy in security to 
one man, with a second charge upon it to 
another. How are their claims to be adjusted ? 
A man dies without leaving a will How is the 
company to know to whom to pay the sum duo 
under his policy ? A junior clerk of an inquiring 
turn of mind will find pleasure in searchmg for 
to correct answers to these questions in hand- 
books on the law of life insurance, or in perusing 
a well-formed judgment expressed in a letter 
from to solicitors of his company bearing on 
a special case. 

There are a number of special Acts of Parlia- 
ment to be studied in connection with life 
assurance. ThefoUowmg are the most important. 



The Gemlding Act, 1774. 

The Policies of Assurance Act, ISCTZ. 

life Assurance Companies Acts, 1870 to 1872. 

Married Women’s Pro^rty Act, 1870 (Sec. 10). 

Married Women’s Policies of Assurance 
(Scotland) Act, 1880. 

Married Women’s Property Act, 1882 (Sec. 11). 

In the latest edition of Bunyon’s book on the 
law of life assurance the chief points are dealt 
with, mid the student should study this book, 
especially with regard to any particular case 
which may arise in the office. 

Agency Depsirtment, A life office never 
grows very quickly and is often in danger of 
dwindling to small proportions unless it has an 
active agency department for securing a fresh 
access of new life proposals; and the young 
man who wishes to succeed in other than 
actuarial departments will find quick promotion 
if he is able to introduce new assurers, either by 
his own personal influence or by his skill in 
stimulating agents. 

Life proposals are generally secured by 
personal canvassing. An outdoor man must 
nave confidence in himself and in his company, 
good address, and plenty of perseverance. He 
must be ready in securing introductions, and 
ingenious in bringing a tardy client to the 
insuring point. If a clerk shows canvassing 
ability, he will receive every encouragement to 
act as an Inspector of Agents, and will be on the 
high road to a post as branch secretary when ho 
can point to a good record of business. Our 
rising man in the outdoor department will 
concern himself with methods of advertising 
the company, and of encouraging the public, 
by circularising and otherwise, to apply for a 
prospectus. He must learn how to secure 
business without paying extravagant com- 
missions, and how to encourage agents to 
keep constantly on the look-out for fresh 
insurers. 

The Chief Schemes for Life In- 
surance* It is sometimes bewildcrmg to the 
outsider to find in how many different ways life 
insurance can be applied. New schemes are con- 
stantly being issued by the companies, but these 
are often meant for ingenious advertising rather 
than planned for any great practical good. The 
student will find that the great bulk of life 
insurance is done under one or other of the 
following heads. 

1. Whole Life Assurance. 

2. Whole Life Assurance with Premiums 

LIMITED TO TEN, FIFTEEN, OR TWENTY PAYMENTS. 

3. Endowment Assurance. Sum assured 
payable at death or at an agreed age like fifty 
or sixty. 

4. Joint Life. Sum assured payable at the 
death of the first of two lives ; perhaps a 
husband and wife, or two partners in business. 

5. Short Term Insurance, covering perhaps 
one year only, or five, ten, or twenty years, 
prot^tion ceasing at the expiration of the 
term. 

6. Children's Assurances. Sum assured 
payable only on the life reaching age of twenty- 
one, or risk beginning at age twenty -one, and 


sum assured payable at death or at an age like 
fifty or sixty, mr previous death. 

7. ANNumxs. A sum of money is paid down 
to secure an annual allowanoe until the death 
of one or more lives. 

BonuMS* Policies may be taken out with or 
without profits (or bonuses). In the latter case a 
man receives the largest possible cover for the 
smallest possible premium. In the case of policies 
sharing in profits the offices are most liberal in 
granting at each period of distribution a very 
large share — generally nine- tenths — of all profits 
earned by the company, including any profits 
made on non- bonus policies, so that in a well- 
managed society a life policy may not only be 
a very fine form of protecting the family, but 
may also prove a capital investment, giving a 
rate of compound interest higher than could be 
had from Government securities. First-class 
life offices pay very substantial bonuses, but a 
comparison between the profits declared by first- 
rate companies and those granted by offices not 
so well managed and financed will form an 
interesting study. 

Survival Bonuaes. Of special interest 
is the method of only granting bonuses should 
the assured survive for, say, twenty years. This 
method appeals to some, because it contains a 
speculative element, and, of course, the bonuses 
in such a case ought to be about double those 
granted by the companies who divide profits 
every five years or thereabouts. As a matter 
of experience, however, it is found that the ordi- 
nary British offices’ bonuses at the end of twenty 
years often amount to more than the tontines 
bonuses declared at the end of that period in 
some inferior office, while valuable additions to 
the sum insured by way of profits have been 
made by the first-class offices during the inter- 
vening years. 

Re-assurancea* Offices hav^ a limit to the 
amount which they will insure on any one life. 
It happens constantly that wealthy men apply 
for large insurances in one office. It will be 
the duty of an official to arrange for rc-assuring 
the surplus portion of the risk with one or more 
other offices. To do this copies of the proposal, 
medical, and all other reports ana papers 
bearing on the case are submitted to the office 
approached. The rate offered to the re-assuring 
company may be that of either office. 

If the risk be accepted, a copy of the policy 
is generally supplied to the company sharing 
the risk, and on this copy a guarantee is endorsed, 
agreeing to accept so much of the insurance 
within descrilied. Sometimes the guarantee is 
by direst policy, the company which accepts 
part risk agreeing to follow the terms and con- 
ditions of the original assurance. 

A separate register is kept in which to enter 
all re-insurances and also a book showing on one 
side how much in sums assured and premiums 
has been given off to each office, and how much 
in sums assured and premiums has been received 
in return. It is desirable to see that other 
offices do not get too great a share of surplus 
lives without giving adequate business in 
return. 
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Ittdmtriai IfMNMmttoe. The rise »eu1 
progress of mdnstrial insiiranoe mkht be fitly 
stn&d by geadmg the hktoiy and aevelopm^t 
of the Pnidfliitial Assnranoe Oompany. The 
^ Prudential is the oldest and largest industrial 
company, and it has justified its existence 
in many admirable ways. Bv close attention 
to the needs of the toot, by skilfully constructed 
tables, by careful sdection of outdoor inspectors 
and constant supervision through local and 
district superinte^ents, the Pmdential has 
attained its present position. 

The distinguishing features of industrial 
assurance are these: premiums are met by 
weekly payments, generally called for by the 
company's canvassers at the houses of the work- 
ing claves, the sums assured being determined 
upon the basis of how much can be secured 
for a penny a week and upwards. The expense 
of working industrial insurance is about 40 per 
cent. This certainly appears very high, but it is 
fully justified by the enormous trouble to which 
the collectors are put. 

In this class of insurance there is geneially 
no medical examination, the agent being relied 
upon to use his judgment and discretion before 
accepting a risk. There are now man v attractive 
positions occupied in the industrial insurance 
world by men who began as door to door can- 
vassers, and through energy and success have 
been promoted, first to the position of assistant 
superintenddht, and then to the desirable post 
of superintendent or district manager. 

Importance of Actuarial Knowledge. 
It is, of course, impossible, even undesirable, 
that the whole staff of a life office should 
become actuaries ; but the fact that his duties 
are non-actuarial is no excuse for ignor- 
ance on the part of any official regarding 
the elemental principles on which life 
assurance is To the branch secre- 

tary, agency inspector, and to outdoor men 
generally, a knowledge of the principles of 
life assurance is of the greatest assistance, 
enabling them to answer inquiries from 
probable assurers, to understand the 
schemes of rival companies, and in many 
oases preventing waste of time on und^rablo 
oases. Such officials should make a point of 
solving each difficulty as it presents itself, and 
they will then find in a comparatively short 
time that their knowledge is really considerable. 
They should seek for information principaUy in 
the “ Transactions of the Federation of Insur- 
ance Institutes,” the papers therein being both 
useful and interesting. Other books which will 
also be found very useful are Life Assurance 
Explained ” (Schooling ) ; Practiced Information 
for Life Assurance Agents ” (Wm. Hughes) ; 
and “ Insurance ” (T. E. Young). 

Actuarial Symbols. At the outset 
the actuarial symbols met with appear to be 
very imposing, and are calculated to dishearten 
those to ^om they are unfamiliar. In reality 
th^ represmt merely a system akin, let us 
say, to batman's shorwand. For example, the 
symbol az may be said to be the “ actuarial short- 
" \^r the value of an annuity of 1 per annum, 


payable at the end of each year during the Itf e of 
a person aged x, SimUaEly Aa; is “ the value <df, 
or the six]^ premium for, an aasuranoe of 1 
payalde at the ^d of the year of deaUi of a life 
now aged x ; and Px is the annml premium, 
^yable at the beginning of each year during the 
me of 0 ^ ^ch will provide a similar assurance 
of 1 . The notation employed is entirely arbitrary, 
^d the only way to understand it is to commit 
it to memory. The system will be found in the 
beginning of the “Institute of Actuaries Text- 
book,” Part II ; and as it is most graphic, the 
task of learning it is really an easy one. 

Many of the simpler relationships employed 
in actuarial work can be established verbally, 
without reference to the algebraic qualities 
of the symbols employed. For example : 

Aa; = (P + Poa?) or P (I + Aa;). 

It is evident in view of the above definitions 
that Aa;, the single premium for an assurance 
of 1, ought to be the equivalent of the annual 
premium multiplied by Aa: (the value of an 
annuity of 1 per annum payable at the end of 
each year) plus, in addition. Pa;, the first annual 
premium. Of course, either Pa; or Aa; has, in 
practice, to be increased, or “loaded,” by an 
amount sufficient to cover expenses and profit. 

Again, a policy value or a policy reserve can 
be easily explained. At the issue of a policy 
the present value of the benefit is equivalent to 
the present value of the future premiums (leaving 
the ‘‘loading” out of account), but afterwards 
the value of the benefit exceeds the value of the 
future contributions, and the difference is the 
policy value. 

This can be well expressed in the form of an 
account : 


Present value 
of sum as- 
sured after « 
years, a;-fn 
being then 
the attained 
age 


:Ax-hn 


Ax’hn 


Present value] 

of future h=Pa;(l -fAr+w) 


premiums j 

Balance is 
policy value 
represented by ) 


nVx 


Ax-h n 


and therefore n \x — Ax n- Pa;(l + Aa; 4- n) ; 
or, as stated above, the policy value equals 
the value of the benefits less the value of the 
future contributions. 

Other points on which information is useful 
are the various defects in family and personal 
history on account of which extra premiums are 
imposi^ ; the merits or demerits of various 
bases of valuation, and the rationale of sur- 
render values. Information on these and other 
points will be found in the literature referred 
to in such a form that little difficulty will be 
experienced in assimilating it. 

All actuiurial tables are given in decimals, 
and it is well to learn how to turn these readily 
into shillings and pence, and vice versd. 

It must 1^ borne in mind that, however clearly 
the symbols employed may be understood, no 
one is competent to judge when a table is suitable 
for use umess he thoroughly understands the 
methods and data employed in its construction, 



and this point oasmot be too strongly empha- 
aiaed. 

Tyjilcal "Examination Questions. The 

following queat^ns on life assurance and life 
office woi^ set at cme of the examinations will 
give some idea of the knowledge which a life 
official, thoi^h not an actuary, ought to possess : 

(a) A policy-holder, under a whole life policy 
hy annual payments payable during life, desires 
to commute the future premiums to ten further 
payments, and has paid the first increased 
premium of ilO. The premiums are due on 
April Ist. Draft a form of endorsement to be 
placed on the policy. 

(h) State what you know as to the different 
systems of insuring lives without medical 
examinations. 

(c) An annuitant desires to surrender his 
annuity. Should this be agreed to, and if so, 
under what conditions ? 

{d) A policy is payable to an assured’s execu- 
tors, administrators, or assignees, and has not 
been dealt with in any way. What is the title 
in England, Scotland, and Ireland (1) when the 
assured has left a will ; (2) when no will has been 
left ? 

(e) When does the liability of an insurance 
company under a life policy commence ? 

(/) Wliat special allowance fo% income tax 
does an insurer receive from the Government ? 

(g) What are the stamp duties on ( 1 ) a policy of 
life insurance ; (2) an annuity bond ; (3) a mort- 
gage ; (4) an absolute assignment ; (5) a memo- 
randum of deposit ; (6) an assignment to 
marriage contract trustees ? 

{h) A policy has become a claim. It has been 
assigned. What is the prooedire as regards 
delivery and custody of the deed of assignment 
in England : 

(1) When the deed also conveys a policy 
on the deceased’s life with another office ? 

(2) When there are other effects conveyed ? 

(i) Should a loan be granted to a policy-holder 
on security of his policy if he has lost it ? 
Should a surrender value be granted ? What 
is the procedure in such a case when the policy 
becomes a claim ? 

(/) A policy-holder who has been insured for 
some years wishes to surrender. He points out 
that sinco his insurance has involved no loss 
to the office he considers he should get a return 
of at least all the premiums paid, since the office 
has had the benefit of the interest on the pre- 
miums. Draft a reply. 

(k) An agent has been so frequently in arrear 
in the rendering and payment of his accounts 
that the office has decided to collect the premiums 
in his agency direct, crediting him with the 
commission. Draft a letter telling him of the 
office’s decision, and one to the policy-holders 
in his agency informing them of the new arrange- 
ment. 

(l) Explain fully any three bonus systems, 
and the advantages and disadvantages of each. 

(m) A policy for £500 is effected in April, 
1905, in an office which divides its surplus 
quinquennially, the next investigation taking 
place in December, 1908. On the basis of a com- 


pound bonus of 90s. per cent, per fumum for 
each premium paid, with an intermediate addi- 
tion of 25s. TOr cent., state what the amount 
payable would be in the event of death in 
November, 1916. 

How to Become an Actuary. An 

actuary is one who has to solve for insurance com- 
panies, friendly societies, and similar institutions, 
financial questions that involve a consideration of 
the separate and combined effects of interest and 
probability in connection with the duration of 
human life, sickness, marriage and other con- 
tingent events ; or, more generally, an expert 
in the application of the doctrine of chance to 
monetary affairs, more particularly in respect 
of the insurance of life. Hence his chief duties 
are to make the computations necessary to 
determine the value of contingent liabilities, the 
compilation of mortality and other statistical 
tabl^, and the calculation of premiums. 

On such calculations depends the practice 
of life assurance, and it is therefore evident that 
a skilled actuary is of final importance to the 
successful conduct of an office engaged in life 
insurance and annuity business. The governing 
authorities are, in England, the Institute of 
Actuaries, founded in 1&8, and incorporated by 
Royal charter in 1884, and, in Scotland, the 
Faculty of Actuaries, formed at Edinburgh in 
1866 and incorporated by Royal charter in 1868. 

There are two principal ways for the “ junior ” 
in a life assurance office to gain promotion : 
he may either become an actuary or a good 
“ field ” worker and organiser. No man, how- 
ever, is put to outdoor work until he has had 
a number of years’ experience in office routine ; 
and these years may with advantage be devoted 
to the attainment of actuarial training and 
experience. Both the outdoor man and the 
actuary are necessary to the life assurance office, 
and the man who is doubly qualified stands a 
better chance of reaching the highest position. 

Preliminary Steps. The first step which 
the future actuary must take is to get himself 
enrolled either as a probationer of the Insti- 
tute, or as a student of the Faculty. These are 
kindred institutions, and a resident in England, 
Ireland, or the Coloniec would probably join the 
Institute, and a resident in Scotland the Faculty. 
Those who wish to join the Institute should write 
to the Assistant Secretary, Staple Inn Hall, 
Holbom, W.C., asking for a form of application 
for admission to the class of probationer and for 
a syllabus of the examinations. This form must 
be filled up and signed by two members of the 
Institute, either Fellows or Associates. Pro- 
bably there will be in the applicant’s own office 
ajb least one official of either status, but, should 
this not be the case, he should get his principal 
to assist him in obtaining the necessary intro- 
ductions. Those who wish to join the Faculty 
should write to the Secretary, 24, George Street, 
Edinburgh, for an application form and syllabus. 
In this case the application has to be recom- 
mended by two Fellows of the Faculty. 

The Institute requires the candidate to pass 
four examinations, known as Parts I. , II. , III. , imd 
IV., held in April of each year, before admitting 
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him to the class of Fellow (FJ.A.), although 
passing Parts 1. and 11. only will admit him to 
the class of Associate (A.I.A.). The Institute 
examinations are held at these centres ; London, 
Edinburgh, Dublin, Adelaide, Melbourne, Syd- 
ney, Wefiington, Montreal, Toronto, and Ottawa. 

The Faculty requires the candidate to pa^ 
three examinations, also held annually in April, 
but only in Edinburgh for the first, and only in 
Edinburgh and Lonm)n for the second and nnal 
examinations, before admitting him to the class of 
Associate, and thereafter admits him to the class 
of Fellow (F.F.A.) without further examination. 

Graduates in mathematical honours of any 
university in the United Kingdom are exempt 
from the first examination in the case of both the 
Institute and the Faculty. Also in both cases 
admission to the class either of Associate or 
FeUow cannot be obtained before the age of 
twenty-one years, although the examinations 
may be passed earlier. 

The Institute examinations involve the study 
of a larger number of subjects than do those of 
the Faculty, and in this course attention will 
mainly be devoted to the former, the differences 
between the two syllabuses, however, being 
indicated. 

It may be well to state at this ^int that a 
resident in England, especially if connected with 
an English company, would be ill-advised to 
join the ^acuity. The absence from the Faculty 
^llabus of ceHain items appearing in that of 
die Institute detracts materially from the value 
in England of the Scottish qualification. Ob- 
viously, too, a student residing in England can 
derive little benefit from a library in Edinburgh, 
and has no opportunity of meeting with other 
members of the institution ; and, further, if 
he resides in London, he will lose the great 
advantage of being able to attend the classes 
provided by the institute. 

The Institute of Actuaries Exami- 
nations. Assuming, then, that the candidate 
is enrolled as a probationer of the Institute, 
we give a concise description of the subjects 
which he will have to study, of the classes he 
should attend, and of the principal books he 
should read. [See also Schedule herewith.] 

Examination Part I. 

The Institute provides a tutor for Part I. 
of the examinations, and the probationer living 
in London should certainly join his class. Pro- 
bably, for most students, this will be sufficient 
coaching for the first examination ; but the class is 
generally a large one, and a student who feels 
that he requires special attention will do well 
to go to some other tutor in addition. 

The Institute issues this initial regulation : 
“ For admission to the class in Part I. the candi- 
date must possess a fair knowledge of algebra 
up to and including quadratic equations.” 

This indicates the minimum amoimt of mathe- 
matics which the probationer must know, and 
enables any student to decide for himself 
whether he requires a preliminary course of 
\ I'he official class not being available to 
oners resident in the provinces or abroad 


(unless they choose to come to London for the 
purpose), they must procure the services of a 
tutor ; but, since there is nothing technical about 
the examination in Part I., any competent 
mathematician vdll suffice. If the tutor chosen 
has had no experience in preparii^ students 
for this examination, he should obtain copies of 
previous papers in order to ascertain the probable 
character and standard of the questions. The 
beginner, however, will, in many cases, be able 
to study imder a qualified actuary, who will be 
conversant with these points. 

Every candidate will receive advice as to the 
opening of the class, which is held in the evening, 
and he has then merely to attend the first meeting 
and pay his fees to the Assistant-Secretary. [See 
Schedule.] 

The books which should be read in prepara- 
tion for the first examination are Hall and 
Knight’s “ Higher Algebra ” (Macmillan. 7s. 6d.); 
the introduction to some standard book of 
logarithmic tables ; “ Elements of Finite Differ- 
ences,” by Bum and Brown (C. & E. Layton, 
78. 6d.) ; and the chapters in Part II. of the 
“ Institute Text Book ” dealing with the fourth 
division of the syllabus. The theory of proba- 
bilities is dealt with in Hall and Kmght’s 
“ Higher Algebra,” but the student should also 
read some other work on the subject. Messrs. 
Ackland and Sardy’s “ Exercises and Examples ” 
(C. & E. Layton. lOs. fid.) will be found of 
great use in preparing both for this examination 
and the examination in Part II. A knowledge 
of the game of whist is very desirable. A game 
of car(& not infrequently forms a setting for a 
problem on probabilities, and whist is invariably 
the game selected. The following question, 
set in 1905, illustrates this point and is a good 
example of a problem on probabilities. “ In a 
game of whist, the dealer found, on turning up 
the last card, that he had the ace, king, queen, 
knave, ten and three other trumps in his hand ; 
find the chance that this would occur.” Here 
the essential point is that the dealer, having 
turned up the last card, must have at least 
one trump, which, of course, materially affects 
the probability or chance required. 

Examination Part II. 

Coming now to Part II. of the examinations, 
the Institute has published this reminder : 
” Candidates for the class in Part II. should 
have read the ‘Institute of Actuaries’ Text 
Book, Part I.’” 

This book deals with subjects not comprised 
in the syllabus for Part I., and it is therefore 
necessary to study it in the interval between 
passing the first examination in April and joining 
the Part II. class, which is held during the winter 
months. Most men will find that they require 
no special assistance for this, but some may feel 
the need for a tutor, who, since the subject is 
technical, should certainly be an actuary. 
No doubt the tutor for the class in Part 11. 
would not ignore Part I. of the “ Institute Text 
Book,” but he is entitled to assume that the 
members of his class have some knowledge of 
its contents. 



SCHEDULE OF EXAMINATIONS FOR ACTUARIES 


SuiuacTs OF £xaminatiomh Fees 


Part L — Aiiilimetio and Al^bra. The Theory and T»e of Losarlthnw. The Elements £110 
of ttie ISieory of ProbabilftieB. The Elements of the Calculus of Fmite Differences, 
inotaidittg lnterp<dattoii and Summation. 

Part IL --Compound Interest and Annuities-certain. The Application of the Theory £110 
of ProbabillUes to Life Oontingeneies. The Theory of Aimumeg and Assurances on 
Lives and Survivorships. The elementary application of the Galcnlus of Finite 
DifferenoM, and the Differential and Integral Calculus, to Life Contingencies. 

Expressions for the Law of Mortality. The principles (as distinguished from the 
methods) of the construction of Mortality Tables (excluding graduation) ; and the 
principles and methods of the construction of monetary and other Tables in- 
vol\ii» the Oontiagenoies of Life. 

Part III. —The methods of constructing and graduating Mortality, Sickness and 
other Tables. The histoiv and distinctive feat^s of existing Tables. The valua- 
tion of the Liabilities and Assets of Life Assurance Companies. The Distribution 
of Surplus. The Calculation of Office Rates of Premium for Assurance, Annuity, 

Sickness and other risks, excluding Pension Funds and Widows’ and Orphans’ 

Funds. The practical valuation of Life Interests and Reversions, and of Policies 
for surrender or purchase 

Part IV. — The Elements of the Law of Real and Personal Property. The Law 
relating to Life Assurance Companies and Life Assurance Contracts. The Constitu- 
tion, Yahiation* and Calculation of Rates of Contribution of Friendly Societies, 

Pension Funds, and Widows* and Orphans’ Funds ; and the Laws reiatiim to such 
Institutions. Life Assurance Bookkeeping ; predation of Schedules, Statements 
and Reports. The PrincipleB of Banking and Finance, including a knowledge of 
the Constitution and Operations of the Bank of England, and of the National and 
Local Debts of the United Kingdom. The Investments of Life Assurance Companies. 

Graduates in Mathematical Honours of any University in the British Empire may, at the discretion of the Council, 
be exempted from Examination in Part L of the Syllabus. 

First Examination. — ^Arithmetic. Equations. Series. Permutations and Combina- No fee on 
tions. Binomial Iheorem. Theory and use of Logarithms. Elements of the Calculus first send- 
of Finite Differences. Theory of Probablllttee. Ing in 

Semnd lamination. — Interest and Annuities-certain, with Construction of Mone- name for 
tary Tables. Probabilities of Life and of Survivorship. Theory of Life Con- examina- 
tingencies, including Annuities and Assurances, with construction of relative Tables, tion, but 
History and Characteristics of Mortality Tables. Applioalion of the Calculus of £1 Is. on 
Finite Diffarmices to Life Contingencies. Elements of Differential and Integral each sub- 
Calculus. sequent 

Third Examination. — ^Mortality, Marriage and Sicimess Investigations, including occasioD. 
Construction of Tables from actual or from hypothetical data. Graduation of 
Tables. Formulas lor Summation and Interpolation. Application of the Differ- 
ential and Integral Calculus to Life Contingenoies. Life Assurance Finance and 
Practice, namely : Oaleotatkin of Premiums. Valuation of Assets and Liabilities. 

Distribution of Syplus. Surrender and Conversion of Policies and Bonuses. Book- 
keeping and A^unts. Investments. MisceHaneous Questions. Law of Life 
Assuranee. Reversloits, Life Interests and other Contingencies. Widows’ Funds, 
Superannuation Funds, and Friendly Societies — Calculation of Rates, and 
VaiuatioaB. 

qrAunoATioNfi which sschtrs exemption from the above examinations 
Any itudent who lias;taken a decree at one of the Cniversities of Great Britain or Ireland, Mathematics being 
one of the special subjects of examination for such degree, being 21 years of age, may, in the discretion of the Council, 
be exempt from the first of the examinations mentioned above. 


The syllabus for the examination in Part II. and many papers besides have appeared in the 

maybe roughly summed up by saying that “Journal of the Institute of Actuaries.’’ Although 

it consists of the Algebra of Actuarial Science the construction of Mortality Tables is explicitly 

and of the Ihincipies of the Construction of excluded from the syllabus of Part II. and 

Tables of Mortality and other tables. {.See appears under Part III., yet it is difficult 

Schedule] to study the Principles of Construction apart 

The principal books to be read are the “ Iiisti- from the actual construction. The student 

tute Text Book,” Parts I. and 11. (obtainable at is recommended to study the construction of 

the Institute, 10s. 6d. and 31s. 6d. respectively), certain representative tables, but to bear in mind 

King’s “Theory of Finance” (C. & E. Layton, whilst so doing that he will be examined only 

4s,) may also be read with advantage, although, on the principles underlying that construction, 

since the same ground is covered by Part I. of The student should read the following papers 
the “Text Book,” it is not essential. It will in the “ Journal of the Institute of Actuaries ” ; 

also be necessary to read some book on the Volume IX,, on the “ Healthy English ” Table, 

Differential and Integral Calculus, and what- and on the “Peerage^’ Table; Volume XVIII. 

ever textbook is chosen the student will on the “ Carlisle ” Table ; three papers in 

find a knowledge of Trigonometry useful. [iSee VcdumeXXXI.,by Sprague, Meikle, and Wbittall, 

Mathematios.] dealing with various methods and tables ; and 

The Principles of the Construction of Mor- in Volume XXXIII. the paper by Ackland. 

tality Taym is the only remaining subject He should also read tiie Introduction to Farr's 

in the syllidbus for this examination. The “ English Life Table No. 3 ” ; F'mlaison’s 

“Institute Text Bwk” deals with the subject, “ Repeat on Government Annuitants. 1883,” and 
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Sprague’s oritioism thereon ; the introduction 
to the Institute Mortality Experience,” and, 
most important of aU, tiie ** Account of Prin- 
ciides and Methods ” adopted in the construc- 
tion of the British offices’ life tables. The 
student for Part II. ^ould ignore all por- 
tions of these books which are concerned with 
graduation. 

Examination Part III. 

The Institute does not at present provide a 
tutor for either Part ITL or Part iV. In recent 
years, however, a course of lectures by an expert 
has generally b^n held upon some sunject which 
comes within the scope of the syllabus. These 
lectures have been printed and are of great 
assistance. Lectures are also delivered at the 
London School of Economics on various in- 
surance subjects, and those courses which meet 
his requirements should be attended by the 
student. Notwithstanding this aid the student 
is more dependent upon private coaching than 
when preparing for Parts I. and II., and the 
best advice which can be given him is to join 
the class of a well-known tutor and, so far as 
possible, make no change until both Parts III. 
and IV. have been pas^. 

A certain amount of work towards the subject 
under the first heading in the syllabus for Part 
in has necessarily b^n done in preparing for 
the second examination. Sickness tables, 
however, have not yet been studied, and this is 
the student’s first introduction to the subject of 
Graduation. 

Graduation. ^Vhen a mortality table is 
constructed it is found that there are certain 
irregularities, arising from various causes, which 
would interfere with the practical value of the 
table. These irregularities require adjustment, 
and it is to this adjustment of the original obser- 
vations that the term “ graduation ” is applied. 

In preparation for the examination in Part 
III. there are numerous papers and letters in the 
“ Journal of the Institute of Actuaries ” which 
should be read, and also papers in the Trans- 
actions of the Actuarial Society of Edinburgh,” 
in the “Journal of the Statistical Society,” 
and in the “ Transactions of the Faculty of 
Actuaries.” 

The student should nlso read (in addition 
to the books mentioned in conhection with the 
Principles of the Construction of Mortality 
Tables under Part IL), the introduction to 
Sutton’s “ Sickness Tables ” ; Watson’s “ Man- 
chester Unity Sickness Tables ” ; the Annual 
Reports of the Registrar-General, especially 
those issued on completion of the decennial 
censuses ; Bowley’s Lwjtures on the “ Measure- 
ment of Groups,” G. F. Hardy’s Lectures 
on Graduation ” ; and the “Report on the 
Mortality of London” issued by the London 
County Council. 

Valuations and Distribution of Sur- 
plus. In connection with items 3 and 4 of 
the syllabus, every student should make him- 
self familiar with the methods of valuation 
and distribution of the disclosed surplus in use 
amongst life offices at the present time. This 
egp ’^t be done by studying the blue-books 


issued by the Board of Trade each year, which 
contain the Returns made by the Companies 
under the Life Assurance Companies Act, 1870. 
It should be particularly noticed how each 
method of distribution anects the incidence of 
the bonuses declared. 

In order to acquire practice and facility in the 
valuation of reversions and life interests the 
student, unless he makes such calculations 
frequently in the course of his office work, 
should value such interests as he sees advertised 
for sale by auction and compare his results with 
the prices obtained. 

Examination Part IV. 

This examination may be taken the same year 
as Part III., but, having regard to the amount 
of reading which has to be done in preparation 
for Part HI. only a really brilliant man has 
much chance of passing botii parts together. 
On the other hand. Part HI. be.ng disposed of, 
a single winter’s work should bring almost 
certain success in Part IV., and to take each 
part separately appears in most cases to be 
preferable. 

The syllabus of the Examination in Part IV. 
consists largely of subjects w^hich are not purely 
actuarial, but a knowledge of which is very 
necessary to the actuary. [See Schedule.] 

BooKo to Read. The following books should 
lie read: Strahan’s “Law of Property” (Stevens 
& Sons. 12s. 6d.), or, if the student has time to 
read a full exposition on the subject, “ Williams- 
on Real and Personal Property” ; Lectures by 
Wood Hill on “ The Law of Real Pi’operty,” 
by Hayter on “ The Law of Mortgage ” and 
by Clauson on “ The Companies Acts ” (obtain- 
able at the Institute, Is. each) ; and Indermaur 
and Thwaites’ “Guide to Real and Personal 
Property ” (Stevens & Haynes. lOs ). The 
last mentioned book will be found invaluable 
for revising the student’s knowledge of the 
subject. Bunyon’s “ Law of Life Assurance ” 
should be read, and certain Acts of Parliament, 
such as the Life Assurance Companies Acts, 
1870-2; the Friendly and Collecting Societies 
ActSj 1896 ; Companies Act, 1900 ; and the 
Finance Act, 1894, must receive special attention. 

A small book, entitled “ How to Read the 
Money Article,” by C. Duguid (Effingham A; 
Wilson), is an admirable introduction to the 
financial part of the work. Clare’s “ Money 
Market Primer,” “ A.B.C. of the Exchanges,” 
and also his “ Lectures on the London Daily Stock 
and Share List,” and some works on bimetallism 
and mono-metallism, should be studied. The 
student should read regularly the financial 
articles in one of the leading morning papers, 
and should also make a point of seeing regularly 
one of the financial weeklies, “ The Economist 
for preference. 

No textbook can adequately deal with the 
subject of investments, knowledge of which can 
only come with experience. What the student 
should strive to acquire is a knowledge of the 
principal securities and investments, and a 
thorough knowledge of the characteristics and 
specicU points connected with the various classes 



into which the inveetmentB of a life assurance 
oomnwy can be divided. Burdett's Official 
lntellib|^ce ” and “ The Stock Exchange Year 
Book ” ace the great mines of information con- 
c^ing Stock Exchange securities. The student 
should attend any available lectures on the 
subject of investments, and should read Gunn's 
** Stock Exchange Securities,” and NicoU’s paper 
entity “ Description of Certain Stock Exchange 
Securities,’* as well as Clare’s lectures already 
referred to. As regards investments made by 
way of loans, the proposal forms used by the office 
with ahkh the student is connected should be 
careMly studied to see on what points informa- 
timi is deemed essential. The correspondence 
in sudh cases is also important. There are, in 
addition to the books and articles already 
mentioned, a number of papers in the Journal 
of the Institute of Actuaries,” and of the other 
insurance institutes, which should be read. 

The Student*# Library. The student 
will find it difficult and expensive to purchase 
all the books mentioned, especially the earlier 
numbers of “ The Journal of the Institute 
of Actuaries.” He will, however, be able to 
borrow some of them from the library of 
his office, and others from the library of the 
Institute ; he can thus, in most cases, reduce his 
purchases to a minimum. 

In endeavouring to indicate the work which 
the actuarial student has to do before he becomes 
fully qualified, we have kept in view principally 
those who are not familiar with the subjects 
dealt with. On this account an exhaustive list 
of reading has not been attempted, though 
nothing of importance has been omitted. For 
fuller information, including the ^papers in the 
various journals which should oe read, the 
student is referred to an admirable article, 
entitled “ Hints on Reading for Actuarial 
Students,” which appeared in the “ Post Maga- 
zine ” in 1903 from the pen of a well-known coach. 

The general aim of the Institute, and also of 
the Faculty, examinations appears to be to 
educate the student first in pure mathematics, 
next in the theory of Actuarial Science, then 
in the practical application of that science, 
and fi’Wly in various subjects not strictly 
actual ml, but a knowledge of which is neverthe- 
less necessary to the actuary. The foundation 
of the whole scheme is mathematics, and parents 
who wish their sons to enter the actuanal pro- 
fession should see that a considerable portion of 
their time at school is devoted to algebra, 
trigonometry, and kindred subjects ; and, further, 
should not allow a lengthy period to elapse 
between leaving school and beginning serious 
work. This is too often allowed, and it is no 
exaggeration to say that in many cases it is fatal, 
for ^e habit of studying is broken, and much 
useful information forgotten in the interval. 

As already mentioned, a certain aptitude is 
necessary. The examinations are far from easy, 
and great application is required to get through 
such an enormous amount of reading when the 
days are spent in an office and only the spare 
hours of the evening arc available for study. 


IMMfUNOS 

The Faculty Examination#. The first 
examination of the Faculty corresponds very 
closely with Part I. of the Institute examinations. 
The second differs mainly from Tart II. of the 
Institute in that the History and Characteristics 
of Mortality Tables takes the place of the Prin- 
ciples of the Construction of Mortality Tables, 
and other tables involving the contingencies of 
life. The third examination involves all the 
subjects in Parts III. and IV., with the exception 
of “The Elements of the Law of Real and 
Personal Property,” and “ The Principles of 
Banking and Finance.” 

The subscriptions to the two Institutes are 
very reasonable. Wo give the figures: 

Thb Institute op Actuabies 

Probationer, entrance fee, 10s. 6d. ; annual 
subscription, lOs. 6d. 

Student, further entrance fee, 10s. 6d, ; annual 
subscription, £1 Is. 

Associate, annual subscription, £2 2s. 

Fellow, annual subscription, £3 3s. 

Fees for class in Part I. or Part II., £2 2s. per 
session, from October to April. 

Faculty of Actuaries 

Students, entrance fee, £1 Is. ; annual sub- 
scription, 2s. 6d. 

Associates, futher entrance fee, £2 28. ; annual 
subscription, £1 Is. 

Fellows, further entrance foe. £2 2s. ; annual 
subscription, £2 2s. 

It is impossible to give an idea of what a tutor 
would charge for individual attention, but when' 
the student is one of a private claas the fee 
charged for a winter session for Part III. or IV. 
will be found not to exceed £10 10s., and for 
Part I. or II. will be considerably less. The 
fees charged by the London School of Economics 
vary according to the course, but will in every 
case be found very moderate. 

Actuarial WorK in the Office. Prob- 
ably the first actuarial work which the student 
will be required to do in his office will be 
the calculation of ordinary rates of premium, 
surrender values, paid-up policies, etc. The 
formulas employed are all laid down in advance 
by the actuary of the company, and the work is 
therefore not particularly difficult. At a later 
stage will come special calculations in connection 
with risks of various kinds which do not proceed 
on definite lines, and are consequently of greater 
interest. There are also valuations of reversions 
and life interests, either for purchase or for the 
purpose of determining their suitability as 
security for loans. Statistical work in connec- 
tion with various Government returns, and for 
office information, also falls on the actuarial staff. 
All these branches of work will be done under the 
supervision of the chief actuary, who will also be 
responsible for the preparation of new schemes, 
acceptances of risks, settlement of claims, valua- 
tion of liabilities and assets, the distribution of 
the sujrplus disclosed by the valuation, and, if he 
be also the manager, the investment of the fun^ 
of the company. 






Plate Glass. Plate glass is made by pour* out to just that thickness. By the time it has 

ing molten glass on to an iron table, flattening been rolled out the glass has cooled sufficiently 

it by passing an iron roller over it, and, after to be moved to the annealing furnace. This 
^mealing the sheet of glass, grinding the surfaces furnace is raised to a temperature higher than 
flat, and polishing, llie materials used are the that of the glass, and as soon as the plate has 
purest obtainable, as freedom from colour is been introduced, the door is shut and the plate 
most necessary. The melting is done in pots, left to cool slowly for from four to five days, 

which serve also for pouring, the melted glass The cooling is assisted by passing cold air into 

being for this purpose lift^ bodily out of flues below the annealing furnace, 
the furnace. The fiimaoes, on this account, are Grinding the Plate. When removed from 
constructed with sliding doors made of iron the oven, the plate is rough, and is submitted to 
frames, filled with firebrick, so that the pots the processes of grinding and polishing. The J in. 
can be readily taken out. The melting-pots plate in these operations becomes reduced to 1 in., 

having been filled with material, are lifted in an J in. being lost from each side of the plate, 

place, the doors of the furnace closed, and the The rough grinding is done between series of 

produ^r gas admitted. In about 16 hours the grinding tables arranged in groups of three, each 
glass is ready for pouring. The door is then group consisting of a lower and two upper tables, 
lifted, and a lar^ wrought-iron balanced pair The lower table is a large cast-iron rotating disc, 
of tongs is swung into the furnace- by a travelling which has been faced and carefully trued up. 
crane. The pot is withdrawn and brought to the The plate is laid upon this and embedded in 
casting table. The casting table is a carefully plaster of Paris. Bearing upon the glass plate 

are two circular runners, 
one of which is 12 ft. and 
the other 14 ft. in dia- 
meter. The two runners 
are journalled in a trussed 
frame which extends 
across the top of the 
machine, and they are 
driven by means of mitre 
gears and shafting. The 
bottom face of the runners 
is shod with a number of 
parallel cast-iron serrated 
bars, which are spaced 
about 3 in. apart. The 

9. EOLLINO PLATE GLASS is Started at 

slow speed, the runners 

trued surface of cast iron or bronze. The moving at the rate of about two revolutions per 
surface is not in one piece, but consists of small minute. As it proceeds, the speed is increased 
sections, the object being to neutralise the until it reaches 30 revolutions per minute, 
warping which would take place if one large Sharp sand and water are fed to the plate, and 
sheet of metal were heated on one surface only, as not merely the runners, but the table below. 
On one end of the table is a hollow cast-iron are constantly rotating, the grinding is perfectly 
roller, extending entirely across the table. Down even over the whole surface of the glass, and 
each edge of the table is laid a strip of iron, J in. thus a true surface is obtained. When about 
in thickness, upon which the roller travels. in. has been taken off, the plate is turned over. 
Round each end of the roller is wound a chain, and the rough grinding repeated on the opposite 
which is carried to the opposite end of the side. As the sand and water flow from the 
table to the drum of a hand winch. An over- grinders, it is carried to a series of grading 
head electrical crane carries a pot of molten boxes and prepared for use again, 
glass up to the line of the annealing furnace. The Polishing Proceea. The plate, as 
where it is set down and picked up by a small it comes from the rough grinders, is like ground 

jib locomotive crane, which travels on a track gla^s, and it is necessary to submit it to a polish- 

that runs the full length of the annealing fur- ing process. The polishing is done upon a large 
naces. By this crane the pot of metal is carried number of low tables. Down the full length of 

to the casting table, where the contents are each table extends a cast-iron girder, to which is 

poured out in front of the roller [9J. The roller is attached at intervals of about 20 in. a series 
thi»»» drawn forward, and as it is raised above the of transverse wrought-iron bars [llj. Through 
\ by half an inch, the molten glass is rolled the end of each of these bars extend the vertical 





shafts of « series of felt-ooveied pdish- 
ii^ discs. The pressure upon these 
discs is regulated by means of cup- 
shaped wm^ts, uriiioh ar^laeed upon 
their verti<^ spindles. The polishers 
are fed with rouge or oxide of iron, 
obtained by igniting sulphate of iron 
at a white heat for 36 hours. This 
rou^, mixed with water, is squirted <m 
to the plate during the polishing opera- 
tion. The longitudinal girders referred 
to above are connected to the crank- 
arms of a series of spur wheels driven 
by a 75-horse power engine, and by 
this means an oscillatory movement 
is given to the whole series of polishers. 

It takes twelve hours, six hours each 
side, to give the proper finish to a plate 
of glass. After polishing, the glass is 

^ into 

the desired size by a diamond. 

Rolled Plate. Unpolished plate glass is 
used for roofing purposes, but is frequently 
impressed with a design of fine lines, grooves, or 
squares, and in this condition is very largely 
used where obscured light is desired. The metal is 
ladled direct from the pot on to the table and 
rolled in the ordinary manner, but each ladleful 
is poured out at the end of the preceding 
quantity, as it is not so important in this case to 
avoid air bubbles. The rolled plate can also be 
annealed by piling on edge, as practised in anneal- 
ing sheet glass, thus avoiding the use of the costly 
annealing furnaces required in the case of plate 
glass, where only one to three plates can be 
treated at a time. A method of nn^king rolled 
plate practised by Messrs. Chance, of Birming- 
ham, is to pass molten glass between a pair ot 
rollers down an inclin^ plane. The glass is 
thereW rolled into a sheet, this sheet being then 
carried on an inclined plane to the annealing 
furnace. Additional rollers with patterns upon 
them are also employed. Ripjded glass is made 
by the same firm by making the roller alter- 
nately rise and fall by means of a tooth edge 
on the side of the table. 

Perforated and Wired Glass. A 
perforated glass for ventilating purposes is made 
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on a casting table furnished with projections, 
so that on rolling holes are made in the glass, 
or the glass is so thinned at the spots that it 
can be easily drilled. The holes can be made 
by drilling with sand and water. 

With the idea of increasing the strength of 
rolled glass, and preventing the scattering of the 
glass in case of breakage, it has become customary 
to enclose wire netting for certain kinds of glass. 
A layer of rolled glass of half the usual thickness 
is prepared ; on this is spread the wire net- 
work, and then another layer of glass is rolled 
upon the netting. The wire is thus entirely 
enclosed and cannot rust. Wired glass specially 
adapted for skylights, as wire protectors can 
be dispensed with. The glass is also to a certain 
degree burglar-proof, as it cannot be cut through 
with a diamond. 

Bottle-maKing. The manufacture of glass 
bottles is a blowing operation, whether done 
by a workman or by a machine using compressed 
air. Moulds are used for shaping the bottle, 
and are made of cast iron or brass. A work- 
man takes up on the blowpipe from the 
glass tank a sufficient quantity of the molten 
metal, called a gathering, and hands it to the 
“ blower,” who blows the mass into a pear-shaped 
bottle [12]. This embryo bottle is at the same 
time manipulated on a rmrver, and when of the 
proper shape is placed in the bottle mould and 
then further distended by blowing till it fills the 
mould. The mould is opened and closed by a 
spring manipulated by pressure of the* foot. 

The bottle is released from the 
mould and separated from the 
blowing rod by touching the neck 
with a wet tool. A workman 
then forms the lip of the bottle 
by affixing a ring of molten glass 
which is mould^ to the proper 
shape by a necking-tool, some 
varieties of which are shown in 18. 
The finished bottles are taken at once to the 
annealing oven. 

Bottle Machines. Although workmen 
acquire great dexterity in making bottles, and 
turn out a large number of these useful receptacles. 



it IS not surprising that efforts have been made 
to make the process quicker and surer by means 
of automatic maoh&ery. Mr. H. M. Ashley 
in 1B86 patented his bottle-making machine, 
which has since been modified and improved. 

Mr. Ashley's description of his machine is as 
follows : A quantity of molten glass is poured 
into a cup-sha]^ mould termed 
a pariaon motMy the lower part of 
which is made the counterpart of 
the shape which the head and 
neck of the bottle are intended to 
have. While the glass is still in 
a plastic state in the bloom or 
parison mould, a punch or plunger 
is pushed up into the body of the 
glass and withdrawn, thus form- 
ing^ a cylindrical cavity in the 
glass. '!^e parison mould is then 
inverted and withdrawn, the neck 
mould, or that part which em- 
braces the head and neck, being (JLAss-BLO^VING 
still left in position, so that the 
parison, or bulb of glass, remains suspended by 
the head and neck ; this bulb, l^ing b >111 
plastic and tending to elongate itself by gravi jy, 
is then enclosed within a mould which is a 
counterpart of the finished shape which the 
bottle is intended to have. Air or gas under 
pressure is then admitted into the interior of 
the glass bulb through a perforation in the 
punch or plunger, and the 
glass is thus distended so as 
to take the shape of the 
mould enclosing it. This 
mould being then removed, 
the bottle remains suspended 
by the head and neck, and 
that part of the mould being 
then opened the finished 
bottle is released and is con- 
veyed away to be annealed. 

Several sets of apparatus 
are arranged on a revolving 
frame provided with means of 
performing successive move- 
ments automatically. 

Since Mr. Ashley’s machine 
was introduced, many varia- 
tions have been brought out 
by other inventors, most of 
them being equally adaptable 
for narrow-neckea bottles and 
wide-mouthed jars. 

Blown Glass. By a com- 
bination of blowing and clever 
manipulation with simple 
tools [18], the glassblower 
forms variously shaped vessels 
out of molten glass. Table glass, except the 
commonest, is blo^m glass. A tumbler is a simple 
form of the glassblower’s art, but in making it 
a special rotary motion is given either to the 
blow-tube or the mould, which requires consider- 
able practice. A wineglass is a more elaborate 
production. The bowl is first made, the stem and 
the foot being subsequently added and shaped. 

Continued 



18. GLASS workers’ TOOLS 
a. Norbhwood’s Hcolloping tool foe shaping edges 
of vases Richardson’s wineglass foot mould, 
“Pacella” e, cf,and6. Three forms of tongs for 
shaping the necks of bottles (c shows the complete 
tool) /. “Tool” for regulating the form of a 
blown gloss vessel g. Shears for trimming edges 
of vessels K The “ whip,” for forming necks and 
cleaning away surplus glass 


PreMed Glass. Another form of hollow 
glassware is that known as 'preeeed glaas, which is 
made ohiefiy at Gateshead in England and Pitts- 
burg in the United States. The glass used is 
flint glass (lead glass) on account of its 
superior brilliancy, but the cheaper baryta 
glass is being increasingly employed. The pro- 
cess is manipulated by either hand or steam, 
the small hand presses being sufficient for small 
articles. The moulds are of iron or gunmetal, 
and a quantity of molten glass having b^n intro- 
duced, a plunger descends and forces the glass 
into all parts of the mould, thus shaping the 
outside and the inside of the vessel at the same 
time. The Appert process is a modem develop- 
ment in the manufacture of pressed glass which 
seeks to overcome the cooling effect of the moidd, 
and to make the process automatic. The mould- 
ing is effected by successive stages so that the 
glass only touches as small a surface of metal at 
one time as possible. 

Fire Poliahlng. The surfaces of the 
pressed glass article are not so smooth as blown 
glass, but this defect is overcome by what is 
known as fire polishing. This consists in re- 
heating the articles in an oil furnace with a 
steam blast so that the outer surfaces of the 
glass are melted, a brilliant surface being the 
result. The method was invented by Sowerby 
in 1886, and improved in 1896. l^ie furnace 
receives the heat from injectors at one or both 
ends, the glass article being 
held on a snap, which has the 
ends lined with asbestos to 
prevent cracking. 

Glass Tube and Rod. 
Tubing or rod of glass is 
made by gathering metal on 
a blowpipe, rolling it on the 
marver, attaching a metal 
rod to the opposite side of 
the lump of glass, and 
drawing the two rods apart. 
If the lump of glass has been 
formed into a hollow bulb, 
tubing results. The rods are 
held by different workmen, 
who walk backwards away 
from each other, assistants 
watching the process to give 
warning of any thinning of 
the tube in parts. Glass 
buttons are pinched off glass 
rods while still soft, the 
pincers having moulds on 
the gripping surfaces. Glass 
marbles are also cut off glass 
rods while soft, but are then 
placed into an iron dram with 
kaolin and rapidly revolved, when the pieces of 
glass assume globular shape. A recent applica- 
tion of glass rod is seen in the prismatic ^obes 
used for covering electric light bulbs. The glass 
rod is softened by a blowpipe flame, and coiled 
upon a revolving mandrel of the required form. 
Glass tubing is used in the manufacture of beads, 
a short account of which is given in the next lesson. 
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/^ONICAL figures and portions of the same 
divide importance about equally with 
p^amidal forms, and they occur in right and 
oblique varieties. Their construction is not 
difficult, either by direct reference to the apex 
or by the method of triangulation. 


The Elements of the Cone. In 41, 

AB is the vertical height of the cone, AC its 
slant height, BC its radius, and DE the diameter 
of its base. Hence the meaning of the statement 
that a right oone is formed by the revolution 
of a right-angled triangle round one of the sides 
contained in the nght angle, and that the hypo- 
tenuse in its revolution develops the surface of 
the cone. 

In 42 and 48 the triangle is dotted on one side 
of the axis and the cone drawn on the other. 
The axis of revolution, therefore, is the side a 
in 42, and the side h of the triangle in 48. The 
hypotenuse c measures the same length, c, in 
each case, but the difference in the diameter of 
the base and the difference in the steepness, 
or slant height, and the vertical height are most 
marked. Not the least value of an object lesson 
like this is to introduce a mental exercise which 
the workman constantly finds hiniself making. 
When in doubt about the possible resulting 
shape of a development, greatly exaggerate it 
mentally, and the issue often becomes obvious. 

To obtain one dimension from others, lay 
down the known dimensions to scale, or to full 
size, and measure off the others. Thus, in 42 
and 48 the heights de and radii e/ being known, 
the length of the slant edge, df, is obtainable. 
Or, if radii ef and slant df are given, the heights 
de can be obtained. The construction is too 
obvious to need further description, and of 
course the same method applies to conic frusta. 

Cases arise in which it is not practicable to 
draw the entire triangle, and then the rules of 
geometry may be used thus: if the lengths of 
the sides be known, add the squares of these, 
Mid the square root of the sum will be the length of 
the hypotenuse. The lengths of the sides are 
the equivalent of the perpendicular height, and 
the radius of the base of a cone and the hypo- 
tenuse is the equivalent of the slant height. 

It is not necessary in all right circular cones 
to draw the circle of the base in plan, as it was 
essential to draw the base of a pyramid in plan 
in our first article. The bases of 42 and 43 are 
circles of radii g/, e/, which we know must be 
the case. But in many cases it is necessary to 
draw the circle, not to obtain the shape, but to 
get other dimensions and relations on. 

MarKing Out the Envelope of a Right 
Cone. In ma^rking out the complete envelope 
of a cone, therefore, the length of the slant 
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edge c [42 and 48], or AD, AE [41] is taken 
for a radius, the length of the circular edge of 
the envelope is mi^e equal to the circum- 
ference of the base, and lines are drawn from 
the termination to the centre, corresponding with 
the apex,, thus : 

TaWng the cone in 42 ; To obtain the length 
round the circumference, calculation based on 
diam. x 3*14159 is not so convenient as stepping 
round with a large number of very short chords, 
because of the difficulty of bending a rule round. 
These steps of division may be as numerous as 
desired. The distance round / is more con- 
veniently obtained by drawing a quadrant of 
the circle, as in 44, or a semi -diameter, as shown 
below 42, and dividing either into any con- 
venient number of equal parts. Four times the 
number of divisions in the first [44], or twice the 
number in the second [42], will give the total 
length round the circumference of the base of 
the cone. The larger the number of divisions 
the more nearly will the chord measurements 
be the equivalent of arc measurements. Now, 
these divisions have to be stepped round an arc, 
not of radius ef [42], but of radius df, as in 46. 
Then, starting from / [45], step round 16 parts 
and connect the sixteenth with d, and the 
envelope is obtained which will cover the cone 
in 42. 

Just to fix this in the mind, see what the 
development of 43 would give us. Divide a 
quadrant of 43 into, say, 10 equal parts as shown. 
With the slant height df for radius, strike an 
arc [46], and divide it round four times 10, and 
connect the fortieth division with d. The rc 
semblance to the development in 45 is hardly 
obvious. We learn, therefore, that the flat cone 
cuts into more material than a steep one, for 
the sheet is almost a complete disc. The rela- 
tions between slant height and vertical height 
are also much more apparent than in steep 
cones. 

The Conic Frustum. The envelope of 
the frustum of a cone is obtained by the same 
kind of construction as that of the complete 
cone. In 47 the elements of a conic frustum 
are shown, with the cone of which it forms a 
section completed by dotted outlines, in order to 
determine the shape and proportions of the 
frustum. 

In 47, AB is the perpendicular height of the 
cone, and B& that of the frustum. BC is the 
radius of revolution of the base, sweeping round 
the diameter DE ; he is the corresponding radius 
in the plane of truncation, sweeping the diameter 
de. The slant height of the complete cone 
being AE, that of the frustum is cE. We have 
therefore two planes. DE and de, separated by 
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« slaat dimeiiaian eE, lor niiioh die onevn- 
fenonsM «f tlid Jkeet to forai ilite eaw^lope haw 
to be obtained, m in 48 and 48, thus : 

Draw the required fe— fe m n, BdeE {48j, and 
oofBqdeite the eone to ike afox A. Taae the 
slant hfli^ AE as a radius, and strike a circular 
avo[48], vidiiadtiisAK TaJ&s the radios BE of 
the ba^ of 48, and strike a quadrant E/, and 
divide it into any conv^rient number of parts, 
say six. Transfer these four times in succession 
to the curve fi in 4iL ^^riuoh will then be praodesify 
eqmvalent in length to the tsircumfeniiee of tim 
baee BE in 46. Conneet EA24 148], whidi 
wdl conmlete the boundanes of the entire 
ccHUcal ^gure m 48. As the artide reqidied is 
for the envelope of the frustum, it Is only 
n e ccB sa ry to take the curve corresponding 
with the plane of tnmcatkm from the dant edge, 
and oarnr it ae far as the radhal Hnes, so com- 
riethm the envelope without any dividixig round, 
^us uie riant i]ei^tA€t4B] is falcon, and a curve 
ed struck from A in 40. Ihe shiek Eod24 in 
48 wM be the comet envriope for the bo dy of 
rile fr ns ium m 48. The bottxnn and top are 
obviom^ circles of dhmieterB DE and tie 


developmecits re p resen t the exact en- 
velopes onfyy to whKh eirtras for joints, soldeFed, 
riveted, or ctherwee, as the case may be, have 
to bt added on the completion of the exact 
dervelopmients. 

A Fnsatum with m Diataat Ajim. 

Taking next an article [50] in which a conical 
friistumoocurs, where the apex would be situated 
at too loi^ a distance away to admit of the use 
compasses, the trurngularion method iHus- 
tcated m our fiist lessmi again comes in. Such 
problems occur very frequently, both in com- 
plete figures and in the curved comers of flaring 
objects, or those ha\ing sloping sides or 
“flue.*” 

Bl, S8riiow the maikii^ out of the patt«n 
far the fmstiun in 58. Eirst take the radfi A, B 
from 88 , and strike them both In pl^ tfil] from 
centre^ o. Divide a quadrant on A into any con- 
venient nuBLberof equal parts, and prolong lines 
thence to the centre, o, cutrinn the etuve Bso that 
both arcs A and B are dividM proportionately. 
Ihese divisions correBpond with those of quad- 
rants of the circles of the base and the plane of 
truncation in 50 ; but we now have to obtain the 
width corresponding with the slant face C m 50 
and rite curves of the developed plate, obtained 
thus : 

Baise a line [BIJ oD, perpendicular to the line 
An joining the points An, and measure off on 
it the lei^h oD, equal to the perpendicular 
hei^ D m 50. Join AD, which w^ be the 
actual length of the line Aa, measured up the 
slant face C in 50. 

• From these the plate is devrioped as in 52. 
Draw a line AB equal in length to the slant 
C {50]. Take the thvisions Al, Bet, 
in 51, and set them of! by small arcs Al, Bo, in 
58. Take the length AD in 51 for a radius, and 
from the pmnts A and B in 88 as centres strfice 
am intersecting those, 1 and a, just maiked. 
Jfext, takmg 1 and a as centres, proceed ne 


just deBoribed tom A and B, striking i»*cs with 
radius AD [51], j»poniink» ^ pro ce ss tom each 
new set of centres obtained, as 2 and 5, 3 and c, 
4andd,5aAd<4to8«ml/. Ctarvesdrawathrough 
the mmo o ssivs centos m shown will give the 
outline ot the sheet required. Fig. 52 is, of 
only a quadcant, which to be 
repeat^ four times to produce the entire 
mn^pe for 50. 

It may often happen that the vertical height 
ei^, D 191], of conic f ra riwin is known, 
and not that of the slaait €. Then the latter 
can be obtained as in 58. The dwt an e cs cor- 
reroonding whh the dillerence in fa£i m. top 
and bottom bring :|^veii, AB, aline BE k rsased 
perpendiculariy to a Une conneelmg fhe radfi. 
The len^ BE is measured 4sri equal to Ihe 
perpeodiciilar height D, m 18 , and a diagoiial 
AS win give the riant bright O. 

ObUque Coaea. Obfique cones are those 
m whieli the apex is not situWtedeTer the centre 
of the base. Ae, therefiore, the ri^ht cone k 
developed by the ic ro la ti op. of a hypotenuse 
of constant length and angle round one ride 
of the right angle, so the oblique cone is the 
result of the revriuthm of a hypotenuse of 
var^ng length round angles that vary constaiitly. 
Two views of an oblique cone are shown by 
54 and 55 taken at ri^t sn^es to each oriier. 

on o^osite sides of the plaiie «m do the 
aaBLgns and lengths co rrespon d . On the opposite 
fito of the ^aae 55 thto is an infinite grada- 
tion tom the maximum slaint A to the mniniuia 
ditto B. 

OMique cones are drawn by the same prin- 
esple as the ol^que pyimmids in the pre- 
vfous lesson. In fto, we regard a cone as 
a pyramid with afi the angleB obfiterated, the 
eoa s br aet km is identical. In dzawing cones, 
davisions and Ikies are taken at mtervals just as 
in pyramids. 

Tb develop the envelope of a oomf^ete cone 
[56] let AB represmt the baae of the cone, C 
its apex, and O the centre of the base. From O 
as a centre describe a seaniefrole of ^hameto AB. 
Divide this into any convenient number of parts, 
M fhown. Drop a pmendioubr tom € to 
meet the line AB, prmonged at D. Draw 
fines tom 5, c, d, e, / to D. These wH Tepresent 
the cone divided in plan. Using Das a centre, 
draw radfii tom 5, c, «, e, / to out the line AB at 
g, h, i , k respectiWy, and join p, k, f, j, k to 
tto apex €. The toes CV, Ot €5 are 
the actual lengths of the lines 5D, cD, dD, 
eD, /D respectively drawn in plan, and are 
thmfore the woikuig fines. 

Fig. 17 shows the development cf the envelope, 
supposing the seam to occu r riong the line OB 
in M. Aum a centre € stirise radi CA, O9, 
Ok, Oi, CSb, OB eqv^ remectivefy to the 
radn rimfiariy lettered in 58. IMce in ^ the dis- 
tance A5, or 5c, cd, etc., these dmaions being 
equal, and rot off tiw same dktaAoes tom A to y, 
gtok, kto(,ote.,toBaifKlBm57. JoinBandB 
to 0 to obtain the rides for the seam, and draw 
aourve thioi^riie various poito of IntoBeotion, 
as town, to protoro to envelope comspondlng 
with the base. 




THE CONE AND ITS DEVELOPMENT 
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Trunomt^d Oblique Conmrn^ Truncated 
eones also may be cut boih at base and top, 
paraileL with the true base of the c<me, or, as 
is frequently done, at an aa^le therewith. 
They may ^so bo developed with oompaeses, 
or % triangulation. The oc^ may also v^ 
much m its degree of obliquity, until one ride 
miw stand vertically. 

ft the frustum be truncated in a plane parallel 
wiih the base, the projection of the lines from the 
base to the plane of the tnmcarion gives the 
ra^ at <moe for a second sat of arcs, drawn in 68. 
Also a semicircle equal in radius to that at the 
plane of truncation, divided round into the 
same number of equal parts as the base gives 
the points of division on the corresponding arcs, 
throng which the curve of development is drawn 
for tl^ small end of the frusta thus : 

In 58 let AA'B'B be the elevation of the 
frustum. The construction of the development 
of the base is the same as that shown in bB and 
57, and the same reference letters being employed 
in the two figures, it is not necessary to repeat 
the instructions there given. The additional 
lines required for the construction of the top 
of the frustum are obtained thus; The lines 
which pass from the points of division in the 
base to the apex cut the plane of the frustum 
at the points g\ h\ j\ k' [68], and the lines 
thence to the apex 0 give the true lengths of 
the sev^al generating ^es in the frustum. To 
Obtain the developed form, mark the curve for 
the base as ehown in 50 similarly to that shown 
in 67. Then for the curve for the top of the 
frustum; with the radius CA' [68], strike the 
curve CA' [69] ; with the radius CB' [68], strike 
the curve CB' [60 ] ; and so on with the radii 
Cg', Ch'f etc., in 68 transferred to 69. Through 
the points of intersection of these arcs with 
the radial lines previously obtained draw the 
curve B'A'B', th«i the outline BAB B'A'B' will 
be that of the development of the frustum. 

The so-called oblique truncated cone occurs 
frequently. Its chief value lies in connecting 
cylmdrical bodies, the axes of which are not per- 
p^dicular, hence the base and plane of trunca- 
tion are generally circles. If a right cone were 
tilted, and its base and top cut at an angle, 
the section would be an elli^, as we shall see 
later, and then the plans woiud have to be deve- 
loped as ellipses. But in speaking of oblique 
cones, the ba^ and truncation, when parallel with 
the base, are taken as circles. These relations 
are shown in 80, where the plan of base and top 
are drawn perpendicularly to their elevations. 
We see also that the degree of slant may often 
be such that the apex might be inaccessible, so 
that the method of 68 could not be applied. 
We now take, therefore, such a case and show 
its development without radii from the apex. 

Conic Fruatum with Distant Apex, 
To obtain the pattern for such a frustum, first 
proceed as in 61. On a base line draw semicircles 
AB, CD, equal in radius respectively to that of 
the base AB and truncated top of the cone ab, the 
latter bmng perpendicular from the top as shown, 
n angles ^ siwt only are given, draw lines Aa, 
B6, and draw the semi-diameters thence. Divide 
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these semi-diametem into any oonvenient num« 
ber of equal parts, 1, 2, 3, 4, 5, B, 1 2^ 8% 4^ 5^ D, 
taking care lhat the number of divisioiis Shall 
give a central division, as 3^3^ Connect these 
points of divi^n by lines 1 1', 2 2', 3 3', 4 4^ 
5, 5'. These will Represent the lengths of lines 
of development m plan, but they are obviously 
not the actual lengths required for seUing out 
the pattern. The lengths of the skHung edges 
Aa and B& are those taken directly on the 
elevation. But as the actuid lengths of the 
lines 1 1', 2 2^ 3 3', 4 4', 5 5' are not the same as 
those drawn in plan, they must be obtained by 
projection to the elevation, thus : 

As the mint D is dropped perpendicularly 
from b, the length DB bears &e same relation to 
the slant leng& B6 that the lengths of the lines 
1 1', 2 2', etc., do to their real lengths. Thus, 
starting fmm D as a point to mam from [62], 
take the length 1 1' from the plan [61] and set it 
off from D to c [62]. Then cb will be the real length 
of 1 r. Next take 2 2' from the plan and set it 
off from D to d, and db will be the real length 
of 2 2', and so on, to get the positions e, /, g. 

To obtain the true diagonal len^hs required 
for triangulation [61]. From r draw I'l" 
perpendicular to Al', and measure off I'l" 
equal in length to the height 8 of the frustum. 
Then the length Al" will be the true length of 
the line Al'. Also, havmg connected 2, 3, 4, 6 
to 2'f 3', 4', 6', from 2', 3', 4', 6', D, draw lines 
2'2", 3'3", 4'4", 5'5", DD^ perpendicular to 
1 2', 2 3', 3 4', 4 6', and 5 D, respectively, and all 
equal in length to the height S. Joining 
1 2", 2 3", 3 4", 4 6", 6 D" will give the true 
diagonal lengths required for triangulation. 

Envelope of Frustum. We have now, 
therefore, the true lengths [62] of the lines of 
division tfbken on the planes of the semicircles 
for base and crown. Also the real lengths of 
the diagonals in 61 required for setting out the 
development by triangulation. 

To describe the envelope [68], draw the line 
Aa, equal in length to the line Aa in 61, and use 
A and a as centres, as follows. (But as it is very 
confusing to bear all these letterings in mind, 
capital letters are introduced in Edition, to 
represent the lines themselves, so that by com- 
paring those in 61 and 62 with 68 the correspond- 
relations are seen at a glance.) 
rom A as a centre [68] with the radius Al" 
[61] (length E), strike an arc. Prom a as centre 
and with radius Cl' [61] (length Q) strike an 
arc cutting this at 1' [68], Then from A as centre 
and radius Al [61] (length P) strike an arc; 
and from 1' as centre, and radius cb [62] (length 
K) strike an arc cutting this at 1 [68].; 1 and 1' 
[68] are now new loci or points of intersection 
whence 2 and 2' are obtained from the next pair 
of elements in 61 thus : From 1' [68] as a centre, 
and radius 1' 2' (length Q) [61] strike aa arc. From 

1 [63], with radius 1 2" (length F) [61], strike an 
arc intersecting this at 2' [68]. Then from 2' [63] 
with radfius db [62] (length L) strike an arc [63], 
and from 1 with radius 1 2" (length F) [61], 
strike an arc intersecting this at 2 [68]. ITien 

2 and 2^ are pdnts of interseotiofi from which 
with respective radii *2 3" and 2' 3' [61] the 






next points of intersection, 3 3' [68], are found. 
From 3' and 3 as centres, and respective radii 
eh [68] (length M), and 3 4' [61] (length H) 

descri^ arcs intersecting at 4 4, and so on until 
the figure required is completed, the pattern 
being symmetrical about the centre Aa. 

Oblique Cone with One 
Side Vertical. A variation in 
the oblique cone occurs when one 
side is perpendicular, BD in 64. 

Draw a semicircle on the base 
AB, and divide it round equally 
as convenient, 1, 2, 3, 4, 5, A. From 
B as centre strike radii from these 
points of division to cut AB at T, 

2', 3', 4', 5'. Prolong these lines to 
the apex o of the completed cone, 
cutting the plane of truncation CD 
at o, c, d, e. The developed 
pattern is shown to the left in 64, 
obtained as follows: 

From 0 as a centre, draw arcs 
starting from A, 5', 4', 3', 2', T, B, 
and another series of arcs from C, 
c, d, c, 6, a, D. Set the compass to 
one of the equal divisions 1, 2, 3, on 
the semicircle, and from A^ as a 
centre step off these divisions from 
one arc to that adjacent in 
the manner shown, 5> 4, 3 
etc., and the edge of the 
envelope corresponding with 
the base is then drawn through 
these points of intersection. 

Prolong lines from all these 
points of intersection to the 
centre o. For the edge of the 
truncated face, the points of 
intersection of the radial lines 
just drawn, with the successive 
circles e, d, c, 6, a, will give 
the required development, the 
edges BA 'EDG'D completing 
the outlines 

Different Planes of 
Truncation. Conic frusta 
are often cut both along the 
base and along the plane of 
truncation in planes that are 
neither horizontal nor paral- 
lel. To draw the envelope of 
an oblique conic frustum 
ABCD [&], to join two ver- 
tical cylinders, proceed as 
shown, the cylindrical portions being 
indicated by dotted outlines. 

In the lower portion draw a 
semicircle, EF, to represent half the 
lower cylinder in plan, and divide 
it round into any number of equal 
parts, 1, 2, 3, 4, 5 and F. Project lines 
up from these to cut the base of the 
cone at the line of its joint with the cylinder 
1'2'3'4'5'. Prolong lines from these points to 
the apex, o, of the cone completed, intersecting 
the plane of truncation CD, or that where the 
upper cylinder is to be united, at a, 6, c, d, e. 



64. OBLIQUE CONE WITH 
ONE SIDE VERTICAL 



65. 



DEVELOPMENT FOR 
FIRE-BOX 


67, ANOTHER METHOD 
OP 66 


Now, from the apex o as a centre, draw arcs 
from these lines of intersection on both planes,^ 
starting from all the points of intersection, and 
t^ bounding liries, as B, 1', 2', 3', etc., C, a, &, c, 
etc. Draw a centre line oA, anywhere [left hand 
of 65], and to right and left of this step off 
distances A, 5, 4, 3, etc., equal to 
the divisions 1, 2, 3, 4, 5, on the 
semicircle EF. Draw radial lines 
thence to o. Through the successive 
points of intersection of the radial 
lines and curved lines draw the 
curves of the envelope at the large 
and small ends, as shown on left. 

Conical Fire-boxes. Some 
problems in constant use differ from 
the foregoing in the fact that the 
amount of slant or taper is very 
slight, amounting to 3 in. or 4 in. 
difference in diameter at top and 
bottom. Neither trammels nor 
triangulation are adaptable in these 
cases. Two rules in regular use are 
here given for the plabM of conical 
fire-boxes. One is shown in 66. 
First set out the lengths D, D', 
equal to the circumference of the 
plate required to complete the 
fire-box, on the lines a6, dc, 
the distance H, by which 
these lines are separated, 
being equal to the height of 
the fire-box. To^ obtain the 
top and bottom curves, first 
draw two lines starting from 
the edges a, 6, and perpendicu- 
lar to the edges od, be, meeting 
on the centre line at e, A 
point /, taken nearly midway 
between e and g will be a 
point in the , curvature re- 
quired for the bottom edge. 
It is often taken midway, but 
is more accurate if / be 
brought nearer to g than e, 
in the proportion of 4 to 6. 
The curve is drawn by bend- 
ing a strip through the points 
a, /, b, and the top curve is 
afterwards drawn parallel 
with the first. Width of 
seam for riveting is added 
to od and be. 

Fig. 67 shows another 
method. From a centre A, with a 
radius less than one-fourth the 
length of the shorter edge of the 
plate, strike a quadrant BC. From 
B, with the same radius cut BC 
in D. Draw a line BE through 
BD. From D, and still with the 
same radius, cut BE in F. A 
line drawn from A, through F, cutting the 
centre line at a, will give the middle point in the 
curve required. The other edge will be cut 
parallel with the first as in the alternative 
method described in the preceding paragraph. 


ENVELOPE FOR VARYING PLANES 
OF TRUNCATION 
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BACTERIAL TREATMQiT OF SEWAGE 

4 

Bacterial Haae 
TlMglB; THe C ea lact Sjalciaaai CiaBict Bede 


B7 Professor fiENRY ROBINSON 


'THE bactem wbaek effeei tbe jmiicatioii of 
* sewa^ase drrided mtaiiio ob^ses, (1) the 
aerobe, mack ak; the aoaerobe, 

whksh aets without air oc The latter 

liqaekes the orgaaie solid aastter in sewaro 
as is sotti i» the oediaarj oeaspool, where only 
incH^gaasc solid depoaitB ml be foond when it 
is cleaned otd. The wakat bad an experience 
of diis when he had to diapoee ol the sewage 
of a town OB too sasall as ana of land for 
irrig at i e a to be poestbW. Be wished to avoid 
the expenm of oheflucal preeipitatiim, and 
adopted an wpmvrd filtcatkm systm, by which 
the sohds were acrested befim the 


resnltani septioised liquid should be drawn off 
at a point Wow the top leveL A scum forms 
cm the surface* which it' is usefui to preserve, 
and the writer, in employing tanks of this 
kind, has adopted a «h»p£> covecmg to 
protect the scum from the action of the wind 
and rain. 

Birmingham^ Experiences An in- 
teresting pap^ was read in I90S by Mr. Watson, 
of Birmingham, before the Incorporated Asso- 
ciation of Municipal mid County Engkteers, 
in which he gives the Uqn^jdng action of 
septic tanks on the solids of the sewage of 
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sewage passed on to the houL The 
^foigram [88} ihews the filler as 
aetaally earried out. 

It wid be seen that the tanks 
had false bottoms, epvered with 
a bed ni Wrse stones. The 
sewage troa| tbe ontfall passed 
dowl^ upjSTds thami^ the 
fffter, leav^ the higa* sus- 
paaded soUds in the false bottom, 
where they became Hqmefied by 
what is called scfdir action^ as m 
a cesspool. Tbe liquid sbi^ was 
pomp^ at interrals out of the 
bottom al tbe tanks, cart^away, 
and disposed of on adjoining land with excellent 
agricultival results. 

In demgsang a sedimcaitation tank, through 
which die cmd^ sewage is to p^ to deposit 
inorganic (and some organk) solids before the 
hquM is allied to bacteria beds, the capacity 
of the tank must be such as to insure no exces- 
sive velocity whereby the solids would be carried 
through it. 

Bftcteriat Sy^ema. The organic solid 
matters in suspension, or pseudo-solution, which 
flow from die sedimentatkm tank (after passkig 
a screen to arrest large solid matters) to the 
bacterial beds are those which have to be acted 
upon by eidier aerobic or anaerobic germs, and 
the aystOTns which have been adopted to ^rfect 
their action and to convert foul fluid into a 
good effluent wiR be described. 

In 1895, Mr. Cmneron, of Exeter, brought into 
prominence the results which he had obtained 
there by passing crude sewage through a septic 
tank, W which the scffld organic matters were 
Hque£ea as already described. This form of 
tank was closed, but experience has efltown 
(hat an open tank will enable die Hquefying 
organisins to act The point of admisrion ^ 
the sewage mto the tank should be below die 
top of the fluid in tbe chamber, and the 


88. UPWARD PILTEAlIOir SYSTEM 

Birauoaihain. The compositioxi of the sewage was 
as follows : 


DU- 

noWed 

Solidu. 

SoKpendMl 

SolitU. 

Free 

Salliu 

Am- 

Albu- 

mUwM 

Am^ 

Chlo- 

riua. 


iiOThicL 

Total Organic 

jni- 

fllterixL tered 

119’3 

74 3 44 0 

4*06 

1-5T 



2Tb9 15*70 


He found that the sludge horn the seplie 
tanks was praetically modorous, but on being 
pumped on to the lam it had to be mixeB wi^ 
earth in a ratio of one-fourth of the midimm to 
black earth before a satislaetoty crop coidd Ite 
grown. It was also found that if the 
tanks, which are provided to* gel rid of the 
detritus, were of such capacity as to sedfaneiit 
too much of the sohde, d^ septic actkm ia the 
tanks firilowing them suffeied, and it was 
necessary to pun^ a volume equal to 80 per cent, 
of the Hquid shdige kom the rong^dng tanks 
mto the septk tMka daily to restore their 
fermentaidve quid^. With the Birming^uux 
sewage it was found that only about 10 per cent, 
of tTO slu^rc — which is eocmderably below the 
results at Mhnohester and other places — ^was 
liquefied in the septic tanks. It must, however. 
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be borne in mind that these places have a 
oonuderable quantity of trade waste to deal with, 
and it has been proved that with purely 
domestio sewage this percentage would be con- 
sidbrably augmented. The chief point, however, 
that requires attention appears to be the 
condition of effluent coming away from the 
septic tanks. In order to get the maximum 
liquefaction of the ‘solids it becomes necessary 
to have a very foul effluent coming away from 
the tanks, owmg to the flow through the tanks 
being slow, thus tending to make the treatment 
of the same a dmiger as far as nuisance is con- 
cerned, The resultant sludge, however, as has 
been shown, is not offensive. If, on the other 
hand, a highly septicised sewage be not obtained, 
the sludge is more offensive, and greater care must 
be taken in dealing with it. 

Contact System. In a paper before the 
same association, Mr. Dibdin dealt with the puri- 
fication of sewage on biological lines by means of 
“contact ” beds (referred to hereafter) filled with 
slate debris, supported on suitable slate blocks, the 
distance between the slates being about 2 in. He 
claims that a bed fiUed on this principle doubled 
its holding capacity, while the accumulations of 
mineral matter, which clog bacteria beds of 
clinker, stones, etc., can be flushed from the 
surfaces of the slated, and the bed restored to 
its original capacity. At Devizes, where some 
experiments were carried out, the capacity was 
found to be 87 per cent, of the total holding 
capacity of the b^. After 14 months this was 
reduced to 60 per cent., which, after being hose- 
flushed, was again increased to 82 per cent. It 
will thus be seen that beds filled on this principle 
have a very much greater holding capacity than 
with contact beds filled with ordinary clinker. 
It does not, however, appear pracncable on a 
large scale, as the flushing of the beds would be 
almost impossible. 

In covering a septic tank care must be taken 
to ensure ventilation, as the bacterial changes 
which take place in the sewage from anaerobic 
action liberate marsh gas, which is liable to 
explode, as has been the case in several instances. 


Auatrallan * Experiment. The Aus- 
tralian Government had some valuable experi- 
ments carried out with the sewage of Perth, 
Fremantle, and the various suburl^ under 
their chief effj^eer, Mr. Palmer. The results 
were communicated by him to the Public 
Health Engineer in 1905. The sewage was de- 
scribed by Mr. Mann, the Government analyst, 
as being of a far higher strength than would 
usually be found in a town sewa^, while the 
percentage of purification was higher than he 
nad seen recorded. The preceding table shows 
the construction of the seven filter beds that 
were used for the experiments. 

On the day when the samples were taken for 
analysis the volume of sewage that was being 
delivered to the beds was noted as follows : 

Gallons passed through the 
niter on May unth. lliO’J 


I. 

no 

V. 

120 

11. 

120 

III. 

120 

VI. 

90 

IV. 

120 

VII. 

50 


Bed Xo. 1 was used from 7 a.m. to 8.30 a.m.. and 
again from 8 p.m. to 4 p.m. Two samples of bed Xo. 1 
were tlierefore taken. 

Beds Nus. 5 and 6 are Kept as reserve beds and are 
used when one of the regular beds fills before its proper 
time. 

Bed Xo. 5 was used between 8.30 a.m. and 0 a.m. and, 
not being full, was again used between 10 a.m. and 11.30 
a.m. before being let off and the first sample of flltrato 
taken. 

Bed Xo. 5 was used again from 4.10 p.m. to 5 p.m. and, 
after standing full, a second sample was taken from this 
bed. 

Bed Xo. 6 was used between 12.80 p.m. and 1 p.m. and, 
not being full, was used again between 2.30 p.m. and 3 p.m. 
before being let off and a sample of filtrate taken. 


There are, therefore, two samples of bed 
No. 1, and also of bed No. 5, and one sample 
each of beds Nos. 2, 3, 4, 0, and 7. [See table 
on next page.] 

The result of much observation at different 
outfalls where tanks have been employed to 
work on the septic principle leads to 
the conclusion that their capacity 
should be sufficient to hold from one to 
one and a half days’ dry weather flow. 

Hydrolitic Tank. At Hamp- 
ton - on - Thames what is called a 
hydrolitic tank forms a useful part of 
the system that has been adopted for 
the bacterial treatment of sewage, 
the Shone Ejector being used to 
collect and deliver the sewage at the 
outfall. 

The sewage, after leaving detritus 
tanks, enters the centre of a trans- 
verse channel, which conveys it into 
the sedimentary cbambei's of the 
hydrolitic tank, which consists of two 
parts. The first portion is divided 
into three compartments by means 
of light division walls formed of 
flagstones. Of these compartments 
the two outer arc the sedimentary 
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Government House Experimental Bacterial Installation. 

Areas and depths of filter material in Alter beds, and amounts 
of tank effluent passed through beds in connection with samples 
taken for the purpose of analysis on May 28th, 1902. 

Xo. of Filter 

I. 

II. 

III. 

IV. 

V. 

VI. 

VII. 

Area in sq, ft. 

m 

181 

ISi 

18* 

18* 

18* 

42* 

Depth and' 
class of filter 
material be- 
ginning at 
bottom J 


ft. in. 

0 3a 

0 3b 

2 60 

ft. in. 

0 3d 

0 3e 

2 6f 

ft. in. 

0 3a 

0 3b 

2 6c 

ft. in 

0 3d 

0 3e 

2 6f 

ft. in. 

0 3a 

0 3b 

2 6c 

ft. in. 

0 3d 

0 3e 

0 6f 

1 lOr 

0 2f 

ft. in. 

0 3d 

0 8e 

1 OC 

1 6g 

1 Total depths 

3 0 

3 0 

3 0 

3 0 

3 0 

3 0 

3 0 

Material a is 
b„ 

»» c »> 
»» *1 »» 

„ 

f 

.. g M 

clinker passed by J in. mesh and held by in. mesh. 

* ” ** ” *’ ^ i*'* ’* 

,, ,, ^ ** ” ** ” 
bluestono,, „ |in ,, ,, ,, in. ,, 

.. ,, *’ ” ” ” 'j *' 

,, ^ in. ,, .. in. ,. 

fine yellow sand free from all foreign matter. 
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rMroentagearinniactMoB 1 
■WieUd. 1 


Sowafc. 


VIMmtoa. 

Mhiettt 

•11 

•Mn^ 

flMMbt 

•Wwnit. 

njtmiM 

ou 

•ewafe. 

Oaf new oonMuaed 

S wnat«s 

4 Hoan 

ir-0* 

tt-71 

1*14 

4*48 

•19 

*19 

886 

til 

85*8 

91-1 

48*4 

Solid aiMter la: 

Sawwuioii 

Solutioa 

Total 

miSB 

42*30 

a27i« 

0*24 
43 93 
53*21 

1*87 

40-78 

42*08 

90*5 

»4 

88*7 

79*8 

7*2 

19*8 

94*9 

34*5 

87*0 

Ammonia : 

Free 

12*25 
10 50. 

1*81 

‘989 

1*18 

*158 

489 

90*6 

49*0 

63*8 

40*1 

98*4 


chambm and the aentral the ^uefyiag ^lamber. 
Along the bottom of the seduaeotary ohamberB 
lire narrow openisM which lead into the lique- 
fying ohamb^, and form the only means of liquid 
communication between 
these chambers. 

False Floor for 
Bacteria Bede. 

Messrs. Stiff make a fake 
floor for bacteria beds 
wkh ohanndstocanyoff 
quickly thefloid that has 
paoBed throai^ the bed 
to the bottom of it. 

Fig. 39 s]| 0 WB one at 
these in course of con- 
stnietaon. 1^ will be seen 
that the material com- 
posing the bed rests on 
the top of a perforated 
surface which lets the 
flmdpam niipidfy through 
the false flow and away^ 
carrying any socqiended 
matters wih it, and 
leaving the empty spaces 
to assist aeration. B^ore 
sewage is delivered on to any kind of bactwia bed 
it is essential that as much solid matter as possible 
fihoold be arrested by sedimentation to prevent 
the beds clogging and the interstices bdng 
choked with matter which cannot possibly be 
acted upon by bacteria. Much of the data as to 
the puhflcatlon or disposid of sewage by filtm- 
tion shows that the failure, or mefficiency, of the 
beds to continue their succemful working for Icmg 
pwiodB has been due ^tarely to non-oompliance 
with this esseiitial condition. 

Contact Beds. Another system which 
depends on the action of bactsria for the treat- 
ment of sewage is that called the contact bed, with 
which the name of Mr. Dibdin will always be 
associated. The principle on which they are 
worked is to pass sewage into a chamber con- 
taining snitabie filterings material until it is 
filled, then leaving the sewage at rest for a time 
in the filled chamber, alter which* the filtrate is 
ran off, and the emW tank is left at rest for a 
tioie, during which the aeration of the interstices 
is effected. 

The aamual report of the Manchester Corpora- 
tion Rfvere Dqmrtment for the year ending 
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Masdi Sdth, 1995, eoataais a 
grea4 deal of Mamotion re- 
gaidi]^ the results of bodi the 
eaqaerimeatal and prrmsiwnt 
WOODS which have bw csxrjed 
out to deal with the sewage of 
MancheBter and adjacent jaseea. 

The foUowing useful iafoiiiia- 
tion is given wkh refeaooee lo 
the treatment of the sewage in 
open aeptio tanks and haoteiia 
beds. 

The total flow through the 
septic tanks dmniig the year 
amouiited to 6,lfl94jbM00 
galkms, or an average of 
ahottt 17,fi0(M109 gallons per day. 

The total amount of ahidge removed from 
the septic tanks--namely, tons— is 

equal to 11 tcxis 14 cwt per mlHinn gallons. 

The emrospondiiig figure 
for the previousyear was 
6 tons, the average for 
the two years thus betsg 
8 tons 27 cwt. of sludge 

per wiiHiftn AS 

compared w^ 18 tons 
2 cwt, the average 
amount of shid^ per 
minion gallons obtained 
chemical tceatmmt 
from 1899 to 1901. Or, 
taking the total pro- 
duction of sludge, tn- 
cludiiig that deposit^ in 
the settlemeat tanks, the 
average for the last two 
years is 2,860 tons 
week, as against 3,902 
ioac the years 1899 to 
1901. 

At the date of the 
report 42| acres of beds 
were in operation, so that wdth the completion 
of the remaining seven beds the whole area of 
primary beds wiH be availaUe. The quantities 
dealt with are obtained by the use of the followm^^ 
sliding scale of capacities. 


FOa BACTBBIA BED 


X«flAer«f 


9 to 200 

180,000 

200 to 500 

160,000 

500 to 750 

150,000 

750 to 1,000 

140,000 

1,000 to 1,'200 

130,000 

1,200 to 1,500 

110,000 

1,500 + 

100,000 


Aeration of Contact Bede. Afta: 
careful observation at the Manchester sewage 
outfall Dr. Fowler, who had charge of the 
wmks, came to the oooclusiQa that the pedod 
of resting the contact bed when empty is 
more important than the time when the bed 
is left at rest full, and that generallv it is not 
desirable for the l^ter time to exceed one hour, 
llug is a \iseful experience to record. The 
aeration of the contact beds, when empty, is 




due to tiiA wganianrift obtained in absorb- 
leg og y y a ok prodoeing oarbon dioxide. The 
natural interohaiige of gases which takes place 
causes the aevat^ of the beds. It is generally 
found that the iatmtioes between the mate^dal 
oomposing the beds is about one-thM of the 
total capacity of the bed, so that if the basis 
of three finings a day is adopted the volume that 
the beds are capable of dealing with would be 

represented by the actual 

capMty of the beds. 

jlie depth of the beds is 
governed to a great extent 
^ the levels at which the 
sewa^ is delivered and dis- 
charged, dependent on local 
conditi<m£L ShaUow beds 
drain more rapidly and are, 
to be preferred. 

If the available area of the 
outfall plot is limited, deep 
beds would have to be 
used, whereas shallow ones could be employed 
on la^er areas. 

A Second Contact Eed« By using a 
second contact bed a higher degree of purity 
can be attained than with *only one. The 
second one can be worked at twice the rate 
of the thus involving only one second^ 
bed for two primary ones. The filtering 
mediums used in every kind of sewage filter 
must be free from any^fine matter which can 
tend to fill up the interstices. It should also 
be incapable of disintegration by exposure to 
the passage of the sewage through the filter. 
The material to be employed depends, to a 
large extent, on the locality, and may be hard 
coke breeze, coal, broken hard bricks, sifted 
and selected debris from stone or sla4« quarries, 
slag and clinker. As has been explained, it is 
necessary when adopting this system of sewage 
purification ^that liquid must remain in 
contact with the filtering medium before being 
run off. In order that 
this may be accomplished 
automatically, various de- 
vices have b^n designed, 
among which may be 
mentioned that of Adams- 
Hydraulics, Limited [40 
and 41 J. 

The illustrations show 
the air-lock feed and 
automatic methods of dis- 
charging a bed after it has 
been standing full for a 
time. Fig. 40 shows the method of filling ; 



FILLING A CONTACT BBD 



EMPTYING 


the 


sewage enters the bed, through a syphonic feed, 

A, and is conveyed by jxiemB of a distributing 

Continued 


trou^, Cr to the bed. The liquid is adimitted 
to M t^ugh a small sy^on (not shown). As it 
rises, it compresses the air in the domes K and N ; 
the oomprottied air in K forms an air look in 
A, which automatically shuts off the supply, 
while the compressed air in N is connected to 
the feed of another bed, in order to break the 
air lock in that feed and allow filling to begin. 
The method of empfying a bed is shown in 41. 

fne liquid in the bed has 
access through perforations 
to a chamber in which is a 
syphon, Z, and a bent pipe 
fitted with a cook, Y. This 
cock is adjusted to admit 
into the chamber X enough 
liquid to fill it in any re- 
quired time ; the syphon 
wen comes into operation 
and empties the bed. 

Percalatlon Beds. As 
the function of anaerobic 
bacteria are known to be best discharged 
without air, and those of aerobic bacteria depend 
on plenty of air, it is difficult to appreciate 
how a contact bed can be right, as the 
emptying, filling, and resting process appears 
incompatible with either requirement. The 
aim should be to let the sewage percolate, 

or trickle, over the largest surface in the 
presence of the maximum amount of air, by 
which the best oxidisation must be effected. 
The material used for filling these beds must 
comply with the conditions laid down as regards 
absence of substances that may choke or 
clog the bed. 

As already stated the sewage, before passing 
to a percolating bed must have passed through 
some form of sedimentation chamber in which 
the solid inorganic matters will have been 
deposited, and a certain amount of liquefaction 
of organic solids will have taken place, depend- 
ing upon the size of the chamber and the rate 
of flow through it. 

The satisfactory results 
that have been obtained 
at a great many places by 
passing sewage over the 
surfaces of the material 
composing a percolating 
bed have established this 
system as one that affords 
a "'solution, although not 
necessarily the only one, of 
the problem of the dis- 
posal of sewage at out- 
irrigation is not possible, and 


CONTACT BED 


falls, where 
where the cost of chemical precipitation is to 
be avoided. 
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By A. H. HIORNS 


CTEEL B an alloy of iron and carbon, and its 
^ peonUar dharaoteristiQB have been knoim 
from very early tunes. Yet the phenomena of 
hardening, tempering, and annealmg have been 
clearly u^oated only in the last decade, owing 
chiefiy to the revelations of the microscope and 
the pyrometer, combined with chemical analysis. 

In the solid state the maximum amount of 
carbon that pure iron can retain is 4*23 per cent. 
The presence of foreign bodies raises or lowers 
this quantity according to their nature and 
amount. Three chief forms of carbon in iron are 
generally recognised— namely, graphite carbon, 
- cement carbon, and hardening carbon. Graphite 
is comparatively rare in steels. Cement carbon 
is really carbide of iron. It exists in unhardened 
or annealed steels, and has the chemical formula 
VejO. Hardening carbon is found in hardened 
steels, and the hardness, brittleness, and tenacity 
of the steels increase with the increase of harden- 
ing carbon up to the limit of about 1*3 per cent, 
of C8 '•bon as regards tenacity, and probably to 
4*3 as regards hardness. In tempered steel some 
of the hardening carbon has been released, form- 
ing cement carbon, hence the diminution of 
hardness and brittlensss. 

Hardening of Steel. When steels con- 
taining over 0*25 per cent, of carbon are sud- 
denly quenched from a red heat they become 
hardened. The degree of hardness increases 
with the percentage of carbon, with 
the rise of temperature, and with 
the rapidity of cooling. The real 
cause of hardening is unknown, but 
according to the theory of Osmond, 
which is largely accepted, it is due 
to a hard allotropic modification of 
iron which exists at certain ranges 
of temperature, depending on the 
amount of carbon present. Whether 
the hardness be due to this cause 
or not is a matter of pure theory, 
but it is a fact that in mild steel 
and malleable iron there are three 
well-marked critical points. They are distin- 
guished as described in this table : 



B«gi lining. 

Mnxiiiiuia between 

Coiii-liulon 

Ar. 3 . . . . 

845" C. 

825° to 819° C. 
736° „ 725° a 

800° C. 

Ar. 2 . . . 

755° C. 

710° C. 

Ar. 1 . . 

eso" c. 

662° „ 655° C. 

645° C. 


In medium steel the points Ar. 2 and Ar. 3 are 
combined into a single point, reaching a maxi- 
mum at about 720^ C., and the point Ar. 1 has 
a maxium at about C. In high carbon 
steel there is only one break in the cooling of 
long duration, at 674° C. Ar. 1 is absent in 
pure iron, therefore it is a function of the carbon 
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in steels oorresponding to the chan^ from 
hardenix^ to cement carbon in cooling me steel. 
Ar. 2 is identical with the disappearance of mag- 
netism. Osmond recognises the existence of 
three allotropic forms of iron. Above Ar. 3 the 
ir6n is in the pmma form. Between Ar. 2 and 
Ar. 3 the iron is in the beta form, and below Ar. 2 
the iron is in the alpha form. According to this 
theory, beta and gamma iron are hard and alpha 
iron is soft. Hence, by suddenly quenching 
steel from above the point Ar. 2, the change is 
prevented and the steel remains hard. 

By the carbon theory, hardening is due to the 
condition of the carbon above certain critical 
temperatures termed hardening carbon, which 
is retained in that state by sudden cooling and 
decomposed on slow cooling. It is probable 
that the phenomenon of hardening is due to both 
the allotropic form of iron and the hardening 
carbon. 

Tempering. On cautiously reheating 
hardened steel to a certain point, the tension 
is released, some carbide is set free, the steel 
loses its brittleness and becomes softer and 
more elastic. This operation is termed tempering. 
The temperature for tempering varies with 
different articles, and is judged by the colour 
of the film of oxide on the brightened surface. 
The following table, from the writer’s “ Steel and 
Iron,’’ shows the tempers for various articles: 


Steels expand on hardening, varying with 
the amount of carbon present, and the higher 
the carbon the lower should be the tem- 
perature to which the steel is raised. Small 
tools are plunged into water or oil. Bulky 
articles are placed in water and deluged with 
a stream of water. Files must have their 
teeth protected with a fusible paste before 
heating. Saws are heated in an air or gas 
furnace and quenched in whale oil. They are 
tempered by burning off the oil. Hammer- 
Wds and steel -faced articles have the other 
parts kept cool with a wet rag while the faces 
are heat^. 


Per- 

centage 

of 

oarbou. 

Tempera- 

ture. 

Colour. 

Article. 

1*5 

220° C. 

Faint yellow . . 

Surgical knives. 



r 230° C. 

Htraw yellow . . 

Razors, knives, hammers, taps, and 





dies. 



255° C. 

Brownish yellow 

Scissors, hard cliisels, shears. 

1*3 

' 

266° C. 

Purplish brown 

Axes, planes. 



277° C. 

Purple . . . . 

Table knives. 



.280° C. 

Violet . . . . 

Cold chisels for brass, punches, etc. 


1 

288° C 

Light blue 

Swords, colled springs. 

u y 

■ 

298° C. 

Dark blue 

Pine saws, augers. 

0-8 

816° C. 

Blackish blue . . 

Hand saws, cold chisels for copper 




and wrought iron. 

06 

400° C. 

Black . . 

Spiral springs. 




1"^ Jy..* g ^ ^ *? • «i iii9«*« • ilwl, «li» leaq^Mtem «f 

MteliJWl, i;^ «T0i&ig workSf at a IiIm nb«ilii^a«diia^ 

heal, liba t«aa^ awwlba ewniiiiwai. Mamaev, dfoel of aa 

^m & m t hf ^Id ioliii§ and haaemeEte e je j u a M aa itoelkawified 

da etotie film ivndaedaBa^ area ivYodBeea. p ro e c aea of atim eoartatoeaite, Wldlaiftisea^ 

Htlaaeidioiialafeaciff apeoecdste^barediieed to detcrawaa ila iaiwiae id a oiai^ dtMaent 

to 89 per cent, or 40 per cent, by iKit workng, on ste^ k i§ vary diffiealt wiiea ioar or five 

eadb per eent of dininutiott of area Inc r eaoee elemeofta aia pvaa^ AnotlMr poiat ol 

tiio tebaSe etreiu^ and elaetie fenit by about onhy la tlio tcadeaey oi eertm ffoaaliiliiaata to 

0*2pero^., andl^eloiigataoELaiidoontraetion aegremte, espeoiaJfy. when tko 8^ m dom^y 

of area oy about 1*5 per cent. Hot working cooled. Howe ^ides bodiea whi^ tend to 

exp^ mg, wrids detadbed particlee, doeee segregate into three groape: (a) oompoiaMfe 

pipes and blowbolee, and prevents nndtie w&eh (fiffer from the rest in fnsibifity; (b) 

orystaUmtion. Hammering is generally raperior compounds whieb hare a strona affinity for each 

to roffing in yiekfing ^ xetmlts mentkmd. other ; (c) oon^ioimds which differ greatly 

in den^y from the rest of the maw 
Carbon and pboc^iheraB have a ^at 
affinitv for raanganeae. OmUdes, 
pbosplndea, and sulphides of kon are 
more fusible and have lower denaitiee 
than alloys oi koa and mmiganeBe. 
It is general^ found that segregation 
of one nnpurity induees segremtion 
of the rest. Sulphur, phoqphorus, 
and ti^k emnpeunds are generally 
meet unequal^ distr i bu t ed. Carbon 
also very reacfily sogregales. Chrome 
and tus^fslen steels see very fiahle to 
seg r egatio n, whfie nieksl steela are 
remarkable for thek unksmil^. 

Steel Atloya or Sp ec ka l 
Steela. The Tarieties of sted 
already considered are termed eerbon 
SitiooN. The amount siHoon in mild steel is deeir, but tqiecial steels contain other m^lali 

generally verjr small, but amounts up to 0*05 per alloyed with iron, with or without much ewrbon. 

cent, do not impair stren^ and wefcKng proper- The metafe whieb chiefly mflnence the properties 

ties. In hi^ carbon steel sifioon is more hur^l. of steel and are used for industirial p u r p o ses are : 

StJLFHUB. The influence of sulphur with less moagwuere, iticAel, ckromdum, funyden, onoutanim, 

than 0*05 per cent, on the tenacity and ductility vandUnmy and motybdentm. 
of steel is very slight, but beyond tbia amount Manyonese is generally present in eommcveml 
it causes red-mortness. But manganese, which steels from 0*3 to 1 per cent. Manganese sted 

is usually present, neutralises the influence of contains 12 to 14 per cent, of manganese and 

sulphur to a great extent. Sulfur has a ten- about I per cent, of carbou. It has a bi^ ten- 
dency to cause development of fine cracks. sile strength and efongation, k^ sdf baroniing, 

pHOfiPHOBOUS. Small quantities under 0*1 per ®®d is used for various took. It is now-magnotie, 
cent, do not effect the hot-rolling properties or olfots great resistanoe- to electricity, 

the tensile siien^, but {diosj^orus is very Nickel forms with iron and carbon most vain- 
dangerous when ue steel is subjected to vibra- able alloys, termed nickel sUds. Steel with 3 per 

tion or sudden shock. In structural steel the cent, of nickel and 0*2 per cent, of carbon has 

phosphorus should not exceed 0*06 pier cent., a tensile strength 10 per cent, greater than any 

and in high carb<m steel it should not be more ordmary carbem sted of the same quality, with 

than 1*01 per cent. an increase of 25 per cent, of eiastic limit. The 

Manoaitbsb. Hiis is an essential constituent ratio erf elastic Kmit to tensile strength incroMes 

of structural steel, but the less it contains above up to 20 per cent, of nickel and th^ falls away 

that required to produce soundness and freedom rapidly. The hardening effect ceases with 10 

from rra-shortness, due to sulphur, the better, per cent, of nickel. Above 1 ^ cent, the diffi- 

and for these purposes 0*60 should be sufficient, culty of welding increases. Steel with 25 pwr 

Manganese tends to increase tenacity and reduce cent, of nickel is scarcely magnetic, but beconra 

ductiKty. In high carbon steels the effect of so when cooled to — 40^ C., and does not regain 

manganese is more marked, and tends to pro- its non-magnetic properties until heated to 

duce fractures on quenchmg for harckning. 600° C. 

Aesbnic. In quantities of less than 0*15 per Steel containing 2 per cent, of nickel, 1 per 
cent., arsenic has no effect on the mechanical cent, of chromium, and 0*4 per cent, of carbon 

properties of steel. Above this amount cold-short- is used for armour-piercing The nickel 

ness k noticeaMe, and prevents good welding. toughens, while the chromium and carbon harden 
CoppBB. small quantities, copp)ei: has no the steel. Nicrfcel steel offers greater resistance 
influence on the pfaysioal pnropierties of stwl. to corrosion than wrought kon or mild steel. 
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Chromiuin does not impart hardness to steel, 
but in small quantities it raises the ten^e 
stzmigtb and in large quantities the brittleness. 
Chromium does not of itself harden ircm. Steel 
with 1 per cent, of carbon and 2 to 3 ^ cent; of 
chromium is .used for projeotites, and with 1 to 
2 per cent, of chromium for special files. Chrome 
steel is used for railway tyres and springs. 

Tungsten is added to steel for self-hiudening 
cutting tools and for mamets. Excellent tools 
can made from steel with 1 per cent, of 
carbon and 7 per cent, of tun|;sten. A small 
percentage of tungsten in ordmary tool steel 
improves the wearing properties. Mushet steel 
contains 1*5 per cent, to 2 per cent, of carbon and 
5 per cent, to 8 per cent, of tungsten. Tungsten is 
one of the constituents of high-speed tool steels. 
^ Aluminium is not used as a definite alloy of iron 
in steel, but plays an important role in increasing 
the flui^ty of cast steel, in stopping the evolution 
of gas, and in assisting to prevent blowholes. 
It also has a great afBnity for oxygen, and re- 
duces the iron oxide present. Aluminium, like 
silicon, causes the carbon to separate as graphite. 
It therefore combines the advantages of silicon 
to some extent with that of manganese. 

Vanadium exerts a more powerful influence on 
steel than any metal yet discovered. Its general 
effect is to increase the tensile strength and elastic 
limit, and to reduce the elongation somewhat. 
One per aent. to 2 per .cent, raises the strength of 
mild steel 50 per cent. It probably forms a 
double earbide of iron and vanadium, which 
seems to be uniformly distributed, preventing 
segregation, and thus removing a cause of brittle- 
ness due to vibration. As vanadium acts in 
the same way as carbon, the amount of the latter 
must be carefully ccmtrolled. 

Mdyhdemm readily unites with iron, and acts 
like tungsten. Molybdenum iron alloys are 
fairly fusible, and molybdenum steel must not 
be heated to a high temperature. Rapid quench- 
ing in water hardens it like ordinary steel. 

High-speed Tool Steels. Alloys of 
chromium-tungsten or chromium-molybdenum, 
or both, have been recently introduced into steel 
with marvellous results. The resistance of 
these special steels increases with a rise in tem- 
perature. The percentage composition varies 
with the work to be done from about 0*75 per 
cent, of chromium and 4 per cent, of tungsten to 
3 per cent, of chromium, 8 per cent, of tungsten, 
and 4 per cent, of molybdenum, the last-named 
being used for working hard steel or chilled iron. 
The percentage of carbon is under 1 per cent. 
The steel is fii*st heated to 1,000® C., then cooled 
to below 840° in a lead bath, and kept stationary 
at 400® to 500° C. for a few minutes. A fusible 
slag is used to protect the metal from oxidation 
while heating. This method of treating self- 
hardening steel was discovered by Messrs. Taylor 
and White. They found that heating the alloy 
far above the usual temperature and cooling 
regularly gave grei^t increase in hardness. 
Different makes of these special steels are on 
the market, and they are hardened by heating 
to about 1,200° C. and cooling with an air 
blast. 
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Direct Method of Steel Production. 

This is the same as for iron in the Catalan and 
similar forges. The direct method yields iron 
nearly free from carbon, or some carbon may be 
left in the iron forming steel. The slag, b^g 
highly basic, takes up much of the phosphorus, 
but &ere is a greater tendency of the iron to 
absorb sulphur. With good ores and charcoal 
as fuel, phosphorus and sulphxir arc practically 
absent the steel. If the direct process is 
conducted in a retort furnace, it is scarcely 
possible to get a sufficiently high temperature 
to raise the metal to a balling heat, hence only 
a sponge is produced. In furnaces capable of 
a welding temperature, the balls are not homo- 
geneous, the carbon varying throughout. Balling 
is advantageous where the balls can be taken to 
an open hearth furnace for completion. 

Crucible Proceee. This consists of melt- 
ing iron in crucibles with or without carburising 
a<mitions, allowing the molten steel to stand for 
killing, and then pouring into moulds. 

Huntsman^s process is a method of molting 
blister steel in crucibles with a flux, such as 
potassium, ferrocyanide, nitre, fluorspar, sand, 
or oxide of manganese. 

HeaJtKs process consists of adding manganese 
to blister steel, but is now modified by using 
oxide of manganese and carbon. 

UchoHus* method^ or pig iron and ore method, as 
practised in Sweden, consists in molting granu- 
lated cast iron with iron ore, whereby the carbon 
IS largely oxidised by the oxygen of the ore. 

Carburising fusion method. In this case 
malleable iron is melted with the necessary 
amount of carbon to form steel. 

Pig and scrap method. If wrought iron 
nearly free from carbon be melted with a certain 
proportion of pig iron, a crude steel is produced. 

The crucible process is more costly than the 
Bessemer process in cost of materials, labour, 
fuel, and refractory materials, but the steel is 
generally of better quality. Its costliness limits 
its use to cutting tools, springs, fire-arms, etc. 

The crucible process differs from the open 
hearth in treating small charges, in using purer 
materials, in excluding the fire gases, and in being 
loss under control as to temperature, time, etc. 
There is less liability to the absorption of 
sulphur, nitrogen, hydrogen, and other gases. 

Crucibl es. Two kinds of crucible are used— 
graphite and day. Graphite crucibles last longer, 
endure harder usage, hold heavier charges, and 
cause less loss of iron than the clay variety ; but 
they give up more carbon and silicon. 

Clay crucibles are made of a mixture of different 
fireclays, burnt clay, and a little coke-dust. Tlio 
raw clay forms about two-thirds of the mixture. 
Hand-made crucibles have a hole left in the 
bottom, and a little sand is added, which fuses 
the stand to the crucible when strongly heated. 
The charge for a clay pot is 56 lb., and for a 
graphite pot 60 to 90 lb. 

Crucible Steel. When the charge has 
been introduced, the pot is covered with a lid, 
for if a bit of coke should enter the steel becomes 
hot-short. When the metal is melted the pot 
is kept in the fire sufficiently long to remove 



gtm&B mad prevent JMa le termed 

Saiffi{^. fne efieot is prolieMy <kie to tlie 
rls^tkm of inlieon fpom the clay and ite absorb- 
steel. 

If &e kBling be too long, too mn^ siliooii 
enters the stem, and the metal becomes hard 
sad britde. The hotter the fomaoe the ^diorter 
the thne required for kiUiiig. The same tesalt 
is obtained l]y adding ahminkim. Ifthesteelbe 
huraiffioiendy IdMed it 'will teem Sierv, and the 
ingot of steel 'will be unsound. A uttle f^ro- 
manganese, or spiegeleisen, is generally added 
to promote sounmieBs. In the ^ot of st^ alter 
cooling, the top or piped part is bn^n and 
the metal graded, according to the a^ipearaiice 
of tto hracture — ^that is, according to its carbon 
content. As on example of the best crucible 
steds, the following aaudyses may be taken : 


CmtIkhi. 

SiUoOB. 


RuMphonm. 

Svlpbor. 

1*81 

0-05 

0*14 

0*010 

0-008 

1-44 

010 

0*14 

0-015 

— 

0*98 

010 

0-18 

0*012 

— 


It is difficult to make crucible steel of the above 
oompositioii &ee from blow-holes and oxides, so 
that manganese is gmerally added to the charge, 
if that el^nant be not present in the iron, -with 
the result that the steel is sounder, but higher in 
manganese and sihcon. Cast steel contains 1*0 
to 0*78 p&r cent, of carbon, 0-5 to 0*23 per cent, 
of manganese, 0*25 to 0*04 per cent d silicon, 
and ab^t 0*02 per cent, of pnofi^horas. 

The proportion of carbon in steel is termed its 
temper, -which has nothing to do with tempering. 
Also high carbon steels are termed hard sted!^ 
which has nothing to do -with the process of 
hardening. ' 

Tempera for Varioue Purpoeee. 

Seebohn gives the following list of useful tempers 
for steels : 

Bazor temper (1*5 per cent of carbon), easily 
burnt by overheating. 

Saw-^ temper (1 *36 per cent, carbon), should 
not be heated above a cherry-red heat. 

Tod temper (1*25 per cent, carbon), useful for 
turning tools, drills, and planing-machine tools, 
cutters, etc. Can be wehi^. 

Spindle temper (1*12 per cent, carbon), usrful 
for mill-picks, cutters, large taps, dies, etc. 

Chietl temper (1 per cent, carbon), combines 
great toughness with the poww of being hardened 
at a low red heat, and can be welded and adapted 
for tools where ^e imhardened port is required 
to bear a blow, as in cold chisels, etc. 

Set temper (0*9 per cent, carbon). For cold sets 
to withstand heavy blows. 

Die temper (0*76 per cent, carbon). The twls 
must be hard, and yet -withstand hammering, 
concussion, and great pressure. 

The Furnace. The ordinary furnace, or 
teeming hole, is a rectangular cavity, 18 in. to 
24 in. square, and 3 ft. to 4 ft. deep. It is lined 
with refractory material A number of these 
furnaces are arranged along one side, or two 
rows may be built back to back. The teeming- 
holes are on a level vdth the shop floor, 
covered with iron plates while the metal is being 


melted. Tfaa me l tin g dMunbecs axe s^Mrated 
from each etiwr cnly a brick -wall, oxoapt lor 
the refractory Hiii^g, wiu(h in SheffiekI is gaiiuster. 
Thhi Is rammed roci^ an dli^cal woo&a coce» 
or template, 26 in. long by 19 in. -wide. 

When this » withdrawn the space thus Hned 
is an elliptical cavitv, oapabb of holding two 
pots. Hie ends of the firebars rest on bMuers, 
built mto the brick wall below the level of the 
roof of the vault beneath. Hiis enables the bars 
to be accessible for withdrawal in case of a 
pot breaking. Each fire has its own ash-pit, 
as well as its own flue. These flutx are carried 
up in groups of five or six into a stack about 
40 ft. high, and each one is continued down to 
the ash-pit below. By insorting a brick*through 
an opening into the flue, the draught of each 
fire can be regulated. Around sidos of an 
(Ad-fashioned melting-house are shelves lor 
drying the crucibles previous to annealing. They 
are now generally dned in special chambers. 

Special Typee of Funacee. A gas- 

fired crucible fomaoe was introduced by Siemens. 
It is of the ordinal^ regenerative typo, with two 
pairs of regenerators for heating the gas and mr 
respectively. The saving of ftml, as compared 
wi^ the o£i furaaoo, is as 4 to 5— that is, the gas 
furnace -will bum four tons of coal, as oompaj^ 
with five tons of coke in the air furnace ; but it 
must also be remembered that the gaa furnace 
bums common slack, so that the difference in 
cost of fuel is considerable. The regenerativo 
furnace may be constmeted to hold any number 
of pots, a 24-pot furnace being a convenient 
size. The upper portions are built of silica bricks, 
and much expense may be saved by patching up 
the blocks Iwtween the ports, -when defective, 
-with ganister instead of waiting to put new 
bricks in. A 24-pot furnace requhes a space 
of about 20 square feet, and is placed entirely 
below the gr(mnd level. For oidinary qualities 
of steel 13 heats per week may bo obtained. 

The Nobel liquid fuel furnace is an arrangement 
for heating a number of crucibles with refined 
petroleum. It is cheaper to build than a gas- 
fired furnace, and uses less fuel than the solid- 
fired furnace, but the cost of fuel is greater 
when burning petroleum than when burning gas. 
Each furnace contains three boles, t-wo of which 
contain two crucibles each, and the third space 
is left empty. These three holes are arranged 
in a row, so that the flame passes through them 
in succession before going into the chimney. 

Cementation Furaace. Cementation is 
a process of carburising wrou^t iron by heating 
it in stone or brick chests in contact with char- 
coal for a prolonged period. The furnace is 
an oblong chamber -with a semi-cylindrical 
roof containing two converting chests, heated 
by a fireplace below and between them. The 
flame is ^tributed by a number of flues around 
the chests, and finally passes into a chimney. 
The chests -vary in size, from 8 to 15 ft. long, 
and are about 3 ft. -wide and high. The intro- 
duction and -withdrawal of the charge is through 
manholes in the side walls. In each chest is a 
square hole through which a trial bar projects. 

4749 




MSTAlJt 


Thm CAmentation ProoMa* To ohaxge 
tile chest a layer of coarse charcoal is placed 
on the bottom, then a layer of iron bars 
placed side by side. These alternate laws 
of iron and charcoal are continued till the chest 
is nearly full A thick layer of charcoal is 
plaioed on the top, and on um is put a layer of 
siliceous material, termed whed-awarf^ which 
frits with the heat and forms an impervious 
coating. The bars of iron used are about 
3 in. wide and } in. thick. 

In about 24 hours the chests are raised 
to a red heat, and in about three or four days 
attain the requisite temperature. This is then 
maintained for 7 to 11 days, according to the 
grade of steel required, the hardest requiring the 
longest, and spring steel the shortest time. 
Conversion begins at 900° C., and goes on more 
actively at higher temperatures. By cemen- 
tation the physical properties of the iron are 
changed, the colour being reddish-white, and ihe 
structure highly crjrstalline. The surface is 
studded with blisters, due to the attempt of the 
gases to escape, hence the name blister sted. 

The manner in which the carbon passes through 
the iron is probably in the form of gaseous 
compounds, which are decomposed, giving up 
^their carbon to the iron, or it may he that the 
gaseous compounds are decomposed at the 
surface, and the combined carbon transmitted 
layer by kyer. 

CeiAented Bars. Cemented bars are 
classified In six grades. The lower numbers 
contain a central core of unaltered iron, and the 
highest are converted all through. A special 
kind called glazed bar has been doubly converted 
and contains the highest percentage of carbon. 

Blister steel is treated in two different ways — 
fagotirvg and welding, or mdtin/g in crucibles for 
cast steel. The mild variety is used for springs, 
and the higher carbon steels after fagoting and 
welding are termed shear steel. By cutting up, 
fagoting and welding a second time, double shear 
steel is produced. The texture of blister steel 
is modified according as it has been rolled or 
hammered. Hammered steel has the finer 
grain and greater power of resistance. 

Case Hardening. This is the formation 
of a surface layer of steel on iron or mild steel 
by a rapid process of cementation. The articles 
are embedded in carbonised bones, leather, or 
horn, and packed in an iron box. The box is then 
heated at the ordinary cementing temperature 
until a sufficient depth of steel is obtained. This 
may be one-eighth of an inch in four to five 
hours. If the temperature be raised too high, the 
iron itself becomes hard and brittle. The work 
when removed from the fire is hardened by 
plunging into water. If only certain parts are 
required hard, the cemented iron is allowed to 
cool slowly, the surface of the parts to be soft are 
turned off in a lathe, and the article is hardened. 

Small articles are rapidly case-hardened 
by cleaning, making red hot, and rubbing in 
yellow prussiate of potash, K 4 reC^(}. As soon 
as the powder has volatilised, the article is 
plunged into water. 


Armour Plate. There are two chief 
varieties of armour plate now manufactured, 
each being made by a different process. The 
object 'Bought is to produce a plate uiiioh shall 
not crack when stniok with a shell, and be 
sufficiently hard to resist penetration. The 
older method was to have a plate of iron united 
to a face of hard steel, thus combining toughness 
with resistance. When the properties of nickel 
steel were (Bscovered, it was found veiy suitable 
for armour plates. This introduced plates made 
entirely of steel. Another great improvement 
was introduced bv Harvey, who took mild steel 
as a base, and carburised the surface by a cemen- 
tation process, the carburised face being after- 
ward harden^ by sudden chilling from red 
heat. 

Open-hearth mild steel, alloyed with var 3 dng 
percentages of nickel, vanadium, or chromium is 
oast into large ingot moulds, then hammered 
and rolled into the required thickness, and 
passed to the carburising shop to undergo 
the Harveyising process. Such a plate of steel 
containing 1*1 per cent, to 0*3 per cent, of carbon 
is placed on a bed of finely powdered clay or 
sand, deposited on the bottom of a firebrick 
compartment erected within the heating cham- 
ber of a suitable furnace. The compartment 
is then filled vith granular carbonaceous materia) 
and well rammed down on the plate. This is 
covered with sand, and finally witji a layer of 
heavy firebricks, as a heavy pressure on the 
carbon facilitates its union with the iron. The 
furnace is raised to a high temperature for about 
a fortnight, when the steel, to a depth of 
an inch or more, has taken up an additional 
1 per cent of carbon. The plate, when suffi- 
ciently carburised, is freed from its covering, 
and all bending and machining done, holes 
drilled, etc. 

Hardening Armour Plate. The hard- 
ening process consists of heating the plate, 
plac^ on an iron grid, to a cherry red heat, 
and by spraying jets of water on -the top 
and bottom surfaces at a pressure of 10 lb. 
per square inch. Any final adjustment after 
hardening can be done only by grinding. 

Krupp, of Essen, carburises by means of 
gaseous hydrocarbons and then hardens. Two 
plates are placed on the hearth, one above the 
other, with a space between, and with their faces 
inwards so that the carburising gases may pass 
between them. 

Beardsmore’s process of making compound 
armour plate is to produce ingots composed 
of layers of hard and soft steel perfectly 
united. A layer of steel is run into a hori- 
zontal mould, the bottom of which is kept 
cool, which causes the bottom layer of steel 
to set quickly, and while the upper layer is still 
liquid a charge of milder steel is poured in, and 
unites with it, and so on with a third layer 
of still softer metal. The ingots are pressed and 
rolled into plates. By tins means a much 
greater depth of hard steel can be produced 
than is possible by a cementation process such 
as Harvey’s or Krupp’s. 
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FIRE-RESISTING CONSTOUCTION 

WtfigsMiwn ^ BniMK ag Acti wmA ^MeniOs. Tlie Coa- 

atwietw i i df FIoot, ^i ^tK a wn i , and Hoofs. TIk Protectkm Openm^ 



By iPwtaMr it. EISEIT SMITH 


^>0 l^i^dng idll pemuoMiidy mist 

#i» action of 4}iit It jb praoUo^le m 
mmj OMes to conBtniot buiMnigB of ouoh a 
obaraotBr that in the event ^ a breaking 
out in <me compartmeirt 4t may be eon&ked to 
that oeaqMrtment. 

Mttc^ of the legislaticai 'devoted to bnilding k 
desigiied to mmimiBe the dimger of tre epreading 
from one to another, or at least to pro< 

long t&e which It may be pestle 

to prevent sodi ejareadiiig. It is, however, a 
very difficult matter to render buildings abso- 
lute ^fhe-venstiiig. The necessity ior openings 
for and access, even if the fittings bM 

hnisfakgs of such epenhigs are themselveB in- 
eenfbnstihie, 'provide ready means of admitting 
currents of air to fan 4ie dames ^ cmoe an 
outbreak shoidd occur within the building. In 
buddings oi ordinary tj^e it is the Of 

the carpenter cmd ^inw that provides most 
fuel for ^'flames 'd a hre should occur. £ven 
in a buHdkig of the tnost oonqdete hre-msistiing 
construction, if the contents bub inflammihle, 
and ffie gets a good h<dd of them, Ihey may 
bum so heroely as to endanger 1heetructure,'er 
portionB of it at least. 

The Slemenl of Coat. An^ important 
factor in determining to what extent ^-resisting 
materials and construction shall be used in any 
building is that of cost. A building that is carried 
out 80 as to be as far as possible fire-resisting, 
will be more costly to construct than one the 
same size iji which such precautions are not 
taSken ; but where the contents are of great 
value, the difference in the rates of insurance 
usuaTty made by ihe insuranoe campanies between 
the two classes of buildings may be sufficient to 
render the more costly form of construction 
really economicsEl in the long run. 

Tlie Law's Pralectiaa Maialy 
to Lile« The law, so far as it ^forces fireproof 
construction does so with a view to the preserva- 
tion (A life rather than of property; even 
the builder of a detached house in a town 
or urban district, and in many rural districts, 
is zestrioted to the use of non-combusttble 
materials for the main waUs and roof -coverings. 

As soon as a buildup ceases to be a purely 
domestic bufidmg, but is used partially for trade 
or mafuufaoture, attention is directed also 
to the internal structure, and regulations are 
frequently made as to the nature of the materials 
to be used in the construction and support of 
conidcMis, passages, and staircases, with a view 
to saf^ufluding the escape of those ocoup 3 nng 
the upper part of such premises in the event of 
fire breaking out below. 


Fmolactea mod ISdblic Bmildtega. in 

factories where considerable numbm are em- 
ployed, and in building divided up Inta sepa- 
rate tenements, and in all buildings intended dor 
the me of the general public, more stringent rules 
arefmiBed to ensure as far as possdAe the saloty 
of those making use of them, and in partieite 
to ensure some safe means ^ escape ffiom the 
hoildiBg in oase ef ffre. 

Standards of Protection. The British 
Fire Prevention Committee have proposed 
three standards implying different deg^^ees 
of proteetioD^ and these have bemi eenfirmed 
by the Istemational Phre Prevention Congress, 
Ij^don, IffOS : 

1. Temporary protecticm» which implies resist- 
anoe to the action of fim for at leaet three- 
quarters of an hour. 

2. Paritaf prstsc^toa, which implies WNriatance 
to ahem ffre for at least one hour and a half. 

$. FiM pratectim^ which impiies resistance 
to a fierce ffre for at least two hours ai^ a half. 

Each of these dosses is subdivided into two 
others, A and B respectively, and definite 
stanchinis are published of the tests that any 
material must fdlfil for claseiiicatioii in each 
division and class, depending on the puipose for 
which it is to be -employed. 

Structural Iron and Stedl in Fire- 
reaisting Bnfl dings. It is the .introduction 
of irem and steel which has rendered possible the 
construction erf modem fire-resisting buildings. 
These materials enable vo^ heavy loads to be 
carried cm supports at but small area, which 
supports may he adequately protected from 
the action ot fire without grea^' adding to 
the area occupied by them. 

The protection of the iron and steel used 
structurally, however, is an essential element 
in successful fire-resisting constructiem ; iron, 
it is true, is not combustible, but it is not fire 
resisting, for when it becomes heated by ex- 
posure to the direct actiem of fire its strength 
and Stiffness become most materially reduc^ ; 
at the same time expansion takes place to a 
very appreciable extent, and unless provision 
has been made for this, beams and columns may 
become seriously distorted, and contribute to 
the collapse and destruction of the building in 
which they are used. Iron and steel, therefore, 
while essential in modem fire-resisting construc- 
tion, ore materials that cannot be saMy exposed 
to the direct action of the fire. 

The Leaden Building Act and Fire- 
realatiag Materiala. The materials recog- 
nised in the London Building Acts , (Amendment 
Act), 1905 [5 Edw. 7], asfire-resisti^ for general 
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porpoaeB are given below. Thii Act ie not in 
force beyondrtbe Hmite of the mctropolie, l^t 
as it xepreeentB the recent views of the authority 
ooatroUing bulkUng operations throughout the 
greatest city in the world, it serves as a useful 
guide: 

(a) Brickwork constructed of good bricks, 
well burnt, sound and hard, properly bonded 
and solidly put together (a) with go(^ mortar 
compounded of good lime and ^arp, clean 
sanct hard, clean broken brick, broken flint, 
grit or slag ; or (6) with good cement ; or (c) 
with cement mixed with sharp, clean sand, baid, 
clean broken brick, broken flint, grit, or slag. 

{b) Granite and other stone suitable for 
building purposes by reason of its solidity and 
durability. 

(c) Iron, steel, and, copper. 

(d) Slate tiles, brick and terra-cotta, when used 
for coverings or corbels. 

(c) Flagstones when used for floors over arches, 
but such flagstones not to be exposed cm the 
under side and not supported at the ends only, 

(/) Concrete compo^ of broken brick, tile, 
stone clippings, ballast, pumice or coke breeze, 
and lime, cement or calcined gypsum. 

((7) Any combination of concrete and steel 
or iron. 

Material for Special Purpoaea. For 

r ial pui^H^s other materials are sanctioned ; 

provisions affecting them, detailed in the 
schedule, maf be summarised as follows : 

Timber, Oak, teak, jarrah, karri, or other 
hard timber, not less than If in. finished thick- 
ness, may be used for doors [2] and shutters and 
their frames, the latter being bedded solid to the 
walls or partitions ; also for treads, risers, strings, 
and bearers of staircases [1] and landings — the 
ceilings or soffits (if any) being of plaster or 
cement — and for verandahs, balustrades, outside 
landings, the treads, strings, and risers of outside 
stairs, outside steps, porticos, and porches. 

The same materials may be u^ for beams 
or posts, or in combination with iron, the 
timto and iron (if any) being protected by 
plastering or other incombustible or non- 
conducting external coating not less than 
2 in. in thickness ; or, in the case of timber, not 
less than 1 in. in thickness on iron lathing. 

For floors and roofs, brick, tile, terra-cotta, or 
cement composed as described above (/), not 
less than 5 in. thick, in combination with iron 
or steel, is permitted. For the floors and 
roofs of projecting shops, pugging of concrete, 
as descril^d above (/), not less than 5 in. thick 
between wood joists, is allowed ; this may be 
carried by fillets 1 in. square spiked to the 
joists and placed so as to be in the centre of 
the thickness of the concrete ; or concrete blocks, 
not less than 5 in. thick, may be used, carried 
on fire-resisting bearers secured to the sides of 
the joista [5]. 

Internal Partitions, For internal parti- 
tions inclosing staircases and passages,' terra- 
cotta, brickwork, concrete, or other incombustible 
material, not less than 3 in. thick, is permitted. 
For glazing windows, doors, and borrowed lights, 
lantern or skylights, glass must be not less than 
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f m. in fhiokness, in direct combination with 
metal the melting point of which is not lower 
than 1,800° F. in squares not exceeding 16 sq. in., 
or in panels not exceeding 2 ft. across either way. 
The pa^ttels must be secured with fire-resisting 
materials in fire-resisting frames of hard wood 
not less than If in. finished thickness, or of iron. 
The Council reserve the right to approve from 
time to time other materials. 

Many of the materials referred to have been 
already described, or wrill be dealt with at greater 
length in the subsequent parts ; but some special 
reference to some, at least, of them is desirable 
before a description of the methods of fireproof 
construction is entered upon. 

Of the material referr^ to as approved for 
special purposes, timbers of the quality known 
as **hard’’ are allowed in scantlings as thin 
as 2 in. (If in. finished) for the purposes 
scheduled, and this is a matter of great con- 
venience, especially in alterations to existing 
buildings. 

Precautions in Fixing Woodwork. 

In all oases where timber is employed in large 
or small scantlings it is desirable, as a protection 
against the spread of fire, to avoid all cavities 
behind such timbers or pieces of framing ; they 
should be bedded os solidly as possible. Where 
bearers or battens are required for fixing joinery, 
linings, etc., to walls, the surfaces between them 
should be plastered flush with the surface [8], 
which greatly checks the tendency for fire to spr^ 

, along such material. The outer face will, of course, 
bum and char, but this actiem will not penetrate 
far if the wood is attacked only from the face. 
On the other hand, if the fire once gets behind, 
and can attack both faces, wood, if in thin scant- 
lings, is readily destroyed. Fire may easily and 
quickly work round behind a skirting or framing 
if aiiy small air current is set up, and thus 
promote the spread of the conflagration. 

Projecting Shops, In the case of the 
floors and roofs of projecting shops, and when, 
as the result of alteration of user, the ground- 
floor of a building has to be separated from the 
upper floors by fire-resisting materials, the system 
of construction described, in which concrete not 
less than 5 in. thick is filled in between the 
existing wood joists, la recognised as fire-re- 
sisting.*' 

In any case in which this system is used in 
practice it is necessary to ascertain that the 
joists are adequate to carry the increased load 
with safety, and if this is not the case, they 
must be strengthened by flitches or iron plates 
bolted to the side of the joist, by a girder 
reducing their clear span, or by some other 
means of strengthening the construction. 

Glasa, Glass is recognised as fire-resist- 
ing only within somewhat narrow limits ; it is, 
of course, incombustible, and melts only at a 
high temperature. The danger connected with 
its use is due mainly to its liability to crack 
if subjected to sudden changes of temperature 
or to lateral pressure, especially when used in 
large sheets. In work of a fire-resisting nature, 
therefore, the minimum thickness and the 
maximum dimensions are rigidly fixed, and 








BRJ^BdMBHVS mi ^IMWwViNI^W ^VO vm^WW^K'mmRRMIw 

mioli wri0ft ^ g^ms. Whem Ube httm k of 
wooi,^}m$dAoi mj^mmmkmmAonigwt 
be Im <he mkdmm ttiiSmmi feqiiiM^ 
Vu^k, Ifift.— «lMKr itaA isJiHBlaleriillj Mlig as 
^Ingsmsas o&eHiin in the other dlieoiian{4]; 
hat wlim heed irood beads am «B6d fordbii^ 
it isiU^ in most oases, suffice to mdnde them m 
the genml bieMilii if tlmy aare fwopedr fiaed. 

Fer glaaing, CHdinaaty nlate or rmled plate 
glass may be empkQ^ ; bnt eared utaae is also 
manafaotnred, in ^<di vm nettiag Is sea- 
bedded m the tldoloiess of the ^ss ; tins i^ass 
is supplied in different^ ^IM&taee, but ol a 
uniform thioknees ol ^ in., and inoludes a clear 
^asa ; such ^Ms is liable to ctaok, but will not 
dy to pieees sMr fall out. 

The Lnxfer Syndicate supply fiie-Misttng 
panels of glass made up of small squares or 
other foms xd i-m. glass united by small strands 
of copper deposit^ by an eleotroncdiemieal 
*{»x)oees, and tibe whole surrounded by a stout 
cower frame. 

Conatruction with FirMrealatitig 

Matorlnla* We have dealt with certain 
general considerations affecting fire-resisting 
fitniotuies, and materials spedahy adapted for 
use in bu<^ wcA, and we may now pass to the 
consideration d the various methods of ocm- 
atruotion adopted for different parts of such 
structures. ^ 

Mair and Croaa Walla. The main 
party and csnm walls differ but little from those 
of Quinary buihhi^ which, as already pointed 
out, are usue^y required to be constructed of 
fire -resisting materials and of adequate thick- 
ness. In this, as in all other matters, the 
provisions of the Building Acts or Bydaws 
which are in force in the district where the 
building is to be erected must be consulted, 
and any requirements laid down in them must 
be complied with. Special care must be taken 
to see that the constructitm is sdLid, and all 
timber ahould, if possible, be excluded from the 
walls. 

Intemml Wmlla. The thickness of intemal 
division walls is not usually regulated by Acts 
or By-laws, but depends on the work to be 
perfomied. La fire-resisting boildingB it is 
de^ratde that there dbouM be some diviMon 
walk at least, thick enough to subdivide the 
intetior into dktmot compartments ; this tends 
to delay, and may prevent the spread of fire. In 
builffings of great size the use of sudi division 
walls is enf orc^ ; the limit of size of any building 
being restricted in London, with certain excep- 
tions, to 250,000 cubic ft., unless subdivided hy 
party walk into two or more sections no one <k 
which exceeds this amount in extent. 

Fratectfon of Inm rnnd Stool 6u|i« 
porta* Hiese supports usaaBy take fonn 
of columns or stanchions of cast iron, or of 
built-up stanchions of wroof^ht iron or steel 
These may be encased solidly so as to be entirdy 
surrounded with ooaerete, or with concrete 
filkd in behind some other facing of sonmor 
quality, such as brick or terra-cotta [6]. mere 
^asd boBow stanchi on s are md, these 
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amgt he tHM mUk mmmt isikAm .mkk » , 

to pt om rvin g daub Iron from nudiiig. ISie mahi 
advantages of thkaalid kMtsqsot ame that In 
the ekant of aof damage to outor face or 
oamg tome is kwohaiiaadf tooire c oB d nh into 
ccmtact wlto the bm than khera i mwf is 
left; but it k ueoessaiy, m order to awmd umdue 
beating el the ktm, to make the coming thidi:, 
and dm k a mm the wei^ and balk of the 
pim. Eamv pact of^the ircmwoik should be 
covered with at least 4 in. trf proteothig material, 
and tois must on no acoount be reduced for 
chases, pipes, whet, or any other purpose. 
The angles of eoHd concrete piers should be 
rounded, forming a buBnose of at least 2| in. 
raffina; this protects the ai^ from damage 
and resists the sorion of qpi^iiig when heated 
better than a square ai^. A soM briok oat^ 
may be used round stanehioas, the bricks being 
out where necessary round the flanges. Such a 
brick casing is usnalto 9 in. thick, with qiiayed 
or bullnose angfes. Ike outer fsioe may to ren- 
dered more or leas attractive in appearance, as 
occasion demands, rendering the surface in 
plaster, or by using tike or faience, or some other 
form of decorative facing. 

Terra-cotta and- Plauter Protection. 
Term-coita, formed with ohambore, k often built 
up BO as to enclose a stanchion or column, and 
may be formed of the hard-burnt, or of porous 
blocks [page 27S1] ; the latter are more fragile, 
but conduct heat less readily. If such a casing 
is built clear of the stanemon the air space in 
the chambers and between the terra-cotta and 
stanchion are serviceable in reducing the con- 
duction of heat so long as the blow remain 
undamaged, but if broken, so that the toe can 
enter, the advantages are lost, and the chamber 
round the stanchion may form a kind of flue, 
along which the fire may pass. 8(ffid blocks of 
porous tara-cottaof comnckrable thickness are 
used in some oases, but in all these various 
methods of eucasmg iron supports the fiBing in 
of any cavity between the casing and the support 
itself is de^atoe. faster on metal lath^ is 
sometimes employed, but alone is not a very 
efficient protection, as plaster is apt to apaU — 
that k, to disintegrate and fall off in small pieces 
under the action fire and water ; if en^loyed, 
two thicknesses of plaster should be made 
use of, with a dear space between them [6J. 
Ihe innermost layer must be clear of the 
stanchion, and may be kept from it by smaB steel 
channel irons, or t^soM metal latoB,towfaioli the 
lathing to receive the plaster is attached with wire. 
After this is plastered, similar small channels 
may be used to tocm the interval, and they also 
reodve and support metal lathing, which is 
secured to them, and afterwards plastered, and, 
if naoessary, finished in some ornamental manner. 

The girom supported by these piers, which are 
to carry walk, must to suffiekot^ cased before 
the walls are erected on them. This maybe d<me 
by surrounding them with ednerete, or specially 
prepared blow of terra-cotta may be used to 
protect the flanges, and on the outside the stone 
or brick faeix^ may be finished close a|;ain^ the 
web ; hut It is r***^*--^ i-Jto± itouM 



ffotootod from tlie Aoy<m 
I fire «« <1^ sttjpportB themaelmr Hie protee- 
ha^ of gnx^ earrying flooie will be dealt with 
n ooimeetioii wi^ uie ccxiietruotiim ol fiom. 

ffwpnmtym of Flinm. The method of 
onaiAg homontal divkkms in a bmlding 
hat is to be fire-resisting is one of great import- 
mee, as it is even more diffionlt to prevwt a fire 
rom spreading vertioalljjr than laterally. The 
ipeoial treatment of oertam floors by filling in con- 
*ete between wood joists, which can be looked 
ipon as securing cmly temporary protection, 
las been dealt with. Another system that has 
}een used, and found to resist successfully the 
lotion of Are, is to use flr joists, not spaced at 
ntervals, but placed side by side, and bolted up, 
so as to form a solid layer of wood 5 in. or more 
n thickness, according to the spw. An ordinary 
boarded floor may be laid on this, and the soffits 
nay be plastered if the edges of the joists are 
related with dovetail rebates, to give a key for 
the plaster. Staircases with treads thus buut up 
[lave also been used successfully. Concrete, 
formed with suitable ingredients, is one of the 
most important materials used in flre-resisting 
construction, but, except for very moderate 
spans, cannot be relied upon without steel or 
iron to assist in carrying it, owing to its inability 
to withstand much tensile strain. There are 
various forms of construction, apart from the 
varieties known as ferro-concrete [page 1454], m 
which floors formed of concrete are carried by 
iron joists, which are in turn protected by concrete 
or by some other material. 

Flooiw of Coacreta and Iron or Steel. 
The simplest form of such a floor is formed with 
a series of small rolled joists of iron or steel 
resting on supporting walls or carried between 
main girders ; the joists are usually^ spaced 
not more than 3 ft. apart. A platform, formed 
with bearers and joists carrying boards laid fiat 
and close together, is required, on which the 
concrete may be deposited, and which is left till 
the concrete is well set. Such a platform may be 
strutted up from below, like an ordinary centre, 
but may also, where iron joists are employed, oe 
very easily suspended by bolts from cross-pieces 
packed up from the joists [7]. This form of 
centering is a great convenience, because the 
floor below is not encumbered with struts, and, 
as soon as moisture has ceased to drip from the 
cement, work ^y, if necessair, be carried on 
there. The striking is also easily carried out by 
slacking the bolts. The centre must cover the 
entire area to be concreted, and may, if necessary, 
be constructed so as to show some panels in the 
ceiling ; but it should be fixed so that nowhere 
is there less than 2 in. between the soffits of 
the joists and the upper surface of the boarding. 
When the centre is ready, the concrete is 
spread evenly over the boaras ; care must be 
t^en to see that it is well packed under the 
bottoms of the joists and in between the flanges, 
so as to ensure complete protection. It is desir- 
able that the upper flanges of the joists should be 
covered by tlw concr^, or that at least the 
concrete be brought up to the level of the top of 
the upper flange. The cmicrete should be allowed 


ample time to set before the centre is either eased 
cr struck. The actual time will depend on the 
nature of the concrete, but seven to ten days, 
at least, should be allowed. After the centering 
is rmnoved, the concrete is left with a fairly 
smooth suribbce, and it is sometimes necessary 
to hack it over, if it is to be rend^ed in cement or 
plaster, in osedeir to secure a propw key. This 
floor is of simple oemstruotion ; it is extensively 
used, and is satisfactory where there is no neces- 
sity fm: using joists of any great depth. 

Protection of Main Girders. When 
the small joists are carried in turn by deeper 
girders, these latter also require protection, and 
this is done in a variety of ways ; but there are 
two principal methods of dealing with them in 
most methods of construction. The first is to 
encase the portion of the deeper girder that 
projects below the general ceiling level, so that 
the ceiling is formed into a series of sunk panels, 
separated by these encased beams [7]. Where the 
beams can bo symmetrically arranged, such a 
treatment is satisfactory from both a practical 
and an artistic point of view. The second method 
is to conceal these beams by means of a ceiling 
suspended below them, or supported by the 
lower flange [8], 

Various modifications of this simple form of 
floor have been introduced, of which some 
examples are given. 

The Columbian floor substitutes for the ordinary 
H-section for joists a special section [9]. 
This bar is rolled in different sizes for different 
classes of work, and is suspended from the upper 
flange of the main girders by means of special ly- 
maoe stirrup pieces. These bars are entirely 
encased by the concrete. Where panelled ceilings 
are to be formed, the lower flanges of the deep 
joists are protected by concrete slabs suspended 
from them by strips of metal inserted m the 
slabs when cast and bent down to grip the 
flange, and the sides are afterwards encased 
in concrete. Where a flat soffit is required, the 
ceiling is first formed with concrete 2J in. thick, 
in which 1-in. bars are embedded, the ends bent 
up somewhat to allow of the bar itself being 
below the level of the fiange. When finished, the 
upper floor is formed on centering resting on the 
ceiling below, and openings are left through 
which this centering may be withdrawn, and 
which are afterwards closed with slabs. 

Homan’s Floors. Two varieties of these 
floors may here be referred to. In the first of 
these, ordinary H-iron joists are used, but the 
webs are perforated at intervals just above the 
lower flange, and steel tension rods passed 
through them [10]. These are surrounded by the 
concrete, and assist in taking up the tensional 
strain, which the concrete is not well adapted to 
resist. In the second form of floor, T-irons are 
used, the flange being placed downwards, and 
the web not being straight in vertical section, but 
bent or corrugated [11] ; but both of these are of 
the nature of ferro-concrete, and tend to reinforce, 
not merely to carry, the concretei^ 

Floora FarmM without Tempo- 
rary Centres. There are many varieties of 
floors designed to do away with the use of 
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Fawovft*^ Floor. Tfanielorned'vithoar^- 
najj inm or steel jontt ]^ftced at interrali of 2 ft^ 
asd time liny be fixed Wore ilie fizttefe a» ptaeed 
mpoei^Qii. ThelbKteJ0a1«tolnIiatxB0eetiOI^aBd 
m pfam ore in the iarm of > xbontboid designed so 
that the idkorter dli^onal is at r^t to 

the direetibii of the gn^krs, and tins alloirB of the 
lintels bes^ raised from below and swung into 
posi^kkm. 'Aefintels [127, pim 2781] hare fianra 
which, when in position, touch each other laterally 
and are idso in contact with the ends of other 
Imtels in the bay <m each side. They form a 
contmuous platform, on which the concrete can 
be depositecC mad cover the lower fiai^e of the 
girder. 

The tubular form given to the lintel, which is 
provided with longHinfinal injecting ribs, is a 
source of strength to it, and it is necessary that 
the lintel b^ strong enough to support the con- 
crete, w’ ich is fified in be^een and around the 
liBteh^ untfi it has set. It performs also 
another useful functkm in reducing the mass 
of concrete, but at the same time permits of a 
considerable depth of concrete in the spaces 
between the tubes. At these points also the 
concrete gets a direct bearing on the fiange of the 
girder at each end, and whm once it is set, the 
lintel is no longer any apisrecialde source of 
strength to the floor ; but the flat soffit jb useful 
for forming a ceilmg, and is provided with dove- 
tailed grooves to give a for plastering, and 
the girder protection which, with the rather .thin, 
porous terra-cotta flanges, is none too complete, 
is thus increased. 

Hofium*a Fireclay Hollow Brick 

Floor. Hus has somewhat similar lintels, but 
they are rectangular in plan, and in cross- 
section take the form of a triangle or a truncated 
trismgle [127, page 2781]; they also form, by 
means of the lower flange, a continuous platform, 
which passes below the lower fiange of the girder, 
and pztM;ects it. The material, which is fireclay, 
tmuls to mt^e this protection efficient, and a 
very conriderable proporticm of concrete is saved 
, by this form of floor. The soffit may be |histered. 

Dawnay^o Solid Tile Floor. This also 
makes use of Imtels, but they are not tubular, but 
of a form ^at resembles somewhat the section 
known as byibiron — a broad lower flange, a web, 
and a somewhat bulbous mper flange [f2T, pag^ 
2781]. The concrete is fifled m between the wem, 
and obtains a bosring at eadh end on the foist, the 
fiacm of whmh is protected by the £htel, the soffit 
of whkh may alio M plastered. In sk these forms 
of floors (heff effioieii^ for fire-resisthig depends 
oa the IkiielB xenudning u&br^^ so that the 
Ipwer flan^ of the grroers remain protected. 


s * r 

jpMuAjdMv 'ftHMB haShk^ wi^ 

wt /ysHsw^nm 

t i ^m bH i Wbaha mmigBd os n flot oniiiifMi 

pidM m 278l|l «iii Mm* 

mmhmkdporn flbe tmek^m-eoMaspth^ 
to nmteet Urn ifmmgm may idm he nosd wkh 
briek sfdms h e t woe n Ihe fo i st i? hot heth of 
theta fbuBS ■aeimdlate a ssmewhat SMr flssr, 
and the usool iron Urn betw e en the fMers to 
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Floovn wHli Iron m €^toitei« 

Hiere are several forms of fiooes hi whioh hon 
in some form is made use of as a e enl e rin g. Hrie 
may ixmsist of corrugated imi, as m Potter's ** A ** 
floor, in wMoh the shecOs are bent so as to havo 
a shghtfy arched fom [18]. In this floor the lewev 
flsnM of the ioast m profited by two blocks of 
firecl^, whieh rest on the flan^ on each sido 
of the web, and meet below the flange mid pro- 
tect it ; ihey also form springers to receive the 
iron eenties. I^pecial iron hangers are also 
provided, the upper ends made to fit over the 
top of ^ iqiringer, the lowerends turned at right 
aiigles, and with a perforation on each just above 
the bend, throng which a sted lath is passed. 
From these lat£» metal lathing is suspended 
and a plaster oeffii^ is formed, giving a double 
protee^n to the ironwork. 

DoTetallnd Mefal Lathing. Another 
form of iron centerii^ is dovetailed metal lathing. 
This consists of a thin, oonrinuous sheet of metal, 
bent by special machinery into a series of 
tafled grooves, whioh form a contmuous series of 
keys for plaster or concrete on either side of the 
sheet [14J. This material has many otheruses in 
flre-iesisting woik, but when used for flooring, the 
riieets, which are usually 3 It. wide, have the two 
edges bent up, so that when laid between the 
flanges of two girders, the general surface of the 
Meeting drops below the level of the girder 
flange, and to give a key under the flange a 
speo^ metal lath with serrated edges is fixed. 

Concrete is filled in on the top of the sheeting, 
and filis the dovetailed grooves on the upper side, 
while those on the under side g^ve a key for the 
plaster or rendering of the ceiling, which forms 
in this case the onty protection to the fiange of 
the joist. Large mrders may be efficiently pro- 
tects with the h^ of this material, which may 
be fixed round the girder in the form of a boxu^, 
the space between the girder and the boxing 
being ffikd with oonorete, and the outside renderea 
or {Mastered. The dovetailed lathing materially 
* a^ to the strength of the concrete, and allows 
of the joists being spaced further apart than is 
the case with many floms. 

Llmflamy'a Trouifli Floor. Thia ffiffers 
from those previously mentioned, as it depends for 
its strength almost exchistvs^ <m the ironwork, 
Ihe concrete being used to protect the ktter [18]. 
The hronworic consists of a series of trouj^ 
the skleB of which are inclned at an angle of 
I20^> and the sides are ndled fin^tter in sectkm 
than bottom. In ocmstmeting a floor the 
alternate troughs are mverted and the sides 
bolted or riveted to the sides of the sdjoiniBg 
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and to affofd paasitfM^way» if neoeMary, Icm? 
pipes, 'Wires, etc. it is required to 

pixiteot the under side of the floor, oonorete 
Mocks of special fonn are made 'with bolts 
embedded in them, by which they are suspended 
from the flooring. 

Finiahing the Soffits, £ine^ in work 
where the question id appearance is only of 
the sli^teet importance, tne under side of the 
filing requires some treatment 'which 'will gi'^ 
it a smoorii and even appearance, or poi»ib^ an 
ornamental character. It may be finished in 
plaster 'with monldings and enrichments, or in 
fibrous plaster, or sheeting of stamped steel ; 
but it is undesirable that me plaster should be 
the only protection to the steri work as, und^ 
the influence of heat, it is apt to spall; tiiiis 
tendency is increased by the application of a 
jet of water. But when fnroper protection has 
been secured by the use of terra-cotta blocks, 
concrete, etc., plastering very usually forms the 
most reiMiy means of treati^ the soffits eflec- 
lively. f 

Finishing the Floor Surface, It 

has been pointed out that it is desirable for 
fire protection that the upper flanges of the 
girders should not be higher than the level of 
top of the concrete, and this matter has an 
important bearing also on the method of floor- 
ing. From the point of view of fire protection, 
a floor laid solidly on the concrete is the most 
satisfaotoiy, as it affords no air space in which 
the fire can spread ; but to make this possible 
it is essential that the flanges of the main girders 
as well as the cross joists shall not project 
upwards above the concrete. Where such a 
flat surface is secured it may be floated ovot 
in oem^t and covered 'with a granolithic 
cement, tiles, mosaic, or blocks of wood, with 
asphalt or even stout linoleum for internal use, 
and with asphalt or 'vulcanite for external use. 
Wh«re wood is employed for floors, hard wood 
is most suitable, though deal and pine, if laid in 
blocks 2 in. in thickness and quite solidly, 
will form a satiiriactory floor. The methods of 
laying these ‘various floors have been, or will 
be, described in other parts of this course. 

Wood Joiat Floors, In cases where 
the joists stand above the level of the concrete 
it is impossible to lay a solid floor, and the usual 
method is to lay wood sleepers parallel to the 
line of the joists, and deep enough to stand 
above the level of the top of the flange ; on 
these, 'Which may be at any convenient mterval 
apart, but usuaify about 6 ft., wood joists are 
li^ and a grooiw and tcmgued boarcUd floor. 
It is essentia that the space between the floor 
and the ocmor^ be efficient ventilated, 
otherwise diy rot win almost cfiki^y arise ; 
but if ‘veatflatkm is provided, and the fire attacks 


efficient]^ dealt with. It is not suftoiciit that 
a roof ^uld be formed with ncm-combustible 
materials, though this is an advance nwn the 
common form m roof, the construction m which 
is carried out wholly in timber, much of it in 
smafl scantlings, covered probably with boards 
canying some non-combustible roofing material. 
But the cost of dealing with roofs so as to render 
them fire-resisting be^ a higher {proportion to 
the cost of an ordmary roof than does the cost 
id a fire-resist^ floor to an ordinary one. 
It is a very difiSmlt matter to protect ade> 
quately the membm of mi iron or steel roof, 
filmed -with tie rods and struts, and this 
can hardly be done unless the truss falls in the 
line of a partition. Partly to render protection 
earier and to pro'vide for carrying the heavy 
load due to the use of concrete, very strongly 
framed roofs ha'ving the general form of a 
mansard roof [see Cabpektby, page 4253], but 
usually 'with a fiat top, are adopJ^ea. These arc 
framed -with iron of H-section, -with plates at 
the angles and a tie beam at the floor level, 
and are often arranged to embrace two stories 
'With an upper tie beam at the level of the upper 
floor. Such principals are arranged at con- 
venient intervals not many feet apart, cmd 
between them joists of small section, corre- 
sponding with the joists in a floor, are fixed; 
the concrete is filled into the panels thus 
formed, covering the small joists and carried 
round the principals to protect them. This may 
be filled in on a temporary boarded centre or 
on a permanent metal centre, such as the 
dovetaUed metal lathing. 

Coverings ^for Concrete Roofs. In 
this construction, which may also be applied 
to domes and other forms of roof, it is im- 
portant that the outer surface of the concrete 
in the slopes and the upper surface of flats be 
in a uniform plane, as in the case of floors, so 
as to recei-ve the roof covering. This covering 
may be of asphalt, which is best laid in two 
thin coats, and may be used for flats and sloping 
surfaces ; or of vulcanite, which is \ised for flats 
only, or even of cement rendering, but the last 
is nc^ so permanent or reliable as the others, 
but is cheaper. All diese are laid directly on the 
concrete. For sloping roofs, tiles or slates may 
be employed, laid on the concrete or on battens 
or on fillets of breeze concrete. Where a flat 
is adopted the surface must have a slight fall 
to throw off any 'water ; if the flat is imt ex- 
tensive this may be formed by thickening the 
concrete over part of the area to give a slope 
to the upper surface ; but with a wide flat this 
would involve too a yasie and weight of 
concrete, and the fall is provided in the fnuning 
of the truss, and a suspended oeiling must bo 
provided to give a horizontal hiteroal surface. 
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AuPtitloiM. Extmal party and 
^0008 w93Sb have alre^ been dealt with, but 
with many bnildiw it u eonvenient and neoes- 
Buy to aobdivide urge fioor aieae into separate 
rooma by meana of slighter partiticms, which 
shall nevertheless be Bie-resisti^, the aim being 
to endeavour to confine any outbreak of fire to 
the compartment in which it arises, where it may 
be more easily dealt with, or may possibly bum 
itself out 

In some dosses of bnOdhigs, such os ofiioe 
blocks, these internal partitions are not planned 
with main walls, but large floor areas are 
vided that may be afterwards divided up. 
these, and in other cases where numerous 
partitions are employed, it is important that 
they should be and no thicker than is 
essential for efficiency, as considerable economy 
of space and weight is thus secured. But to be 
thorou^y fire-resisting, a thickness of 3 in. is 
generafly desirable. 

Partitions of Built - up BlocKs. 

Various forms of partitions are mode, formed with 
terra-cotta blocks, which are in some cases hollow. 
These are made of light porous terra-cotta, and 
are built up to form a thin wall ; they are usually 
provided with some form of flange to interlock, 
and some of them are provided with iron rods, 
as stiffeners, which pass vertically through the 
blocks. These allow of rapid construction, and, 
if the faces are plastered, form partitions capable 
of resisting the spread of fire for a considerable 
time. Partitions are also formed with slabs of 
solid material, used in the same way as brick, 
such as terra-cotta, of the porous sort already 
described, or of various patent compositions or 
forms, such as Terrawode or the Mack partition. 

Terrawode is a light porous terra -cott%, made by 
a patent process. The material is produced in 
the form of bricks, which are of standard size, but 
about half the usual weight, and which may be 
laid in mortar like ordinary bricks, and plastered. 
It is claimed for this material that it is not only 
highly fire-resisting, but it is also sound proof, 
and fiiat nails may be driven into it for fixing. 
It is also supplied in the form of slabs for par- 
titions [Id] and stanchion casing, the beds of 
which are grooved and tongued ; these are set in 
lime putty, and may be plastered. Lmtels for 
fireproof floors for use either with or without 
concrete, are also made of this material. 

The MacK Partition This is built of slabs of 
g 3 rp 6 um, and in them reeds are embedded, running 
end to end of the slab, which is made 6 ft. or 
7 ft. long, and 1 ft. high, and 2 in., 2^ in., or 2| in. 
thick [17], The lower edge is provided with a half 
round tongue, which is blocked off in the case of 
the lowest slab before bedding it, and the upper 
edge has a hollow groove, which occurs also in 
both ends, l^e slabs are bedded m plaster, and 
the heading joints grouted in plaster, and they 
may readily be out to any required length. The 
ree^ give cohesion to the mass of plaster, and 
make it light. When stopped against door 
frames, a fillet may be spiked to the frame, to 
fit into the groove, which may be grouted. The 
surface of the block is keyed for plaster, or may 
be formed with a finished face both sides. 


!]&itt dabs are for oeilinffl from f in. to 
in, thick, also 4-m. and 5-in. &bB, wi& lam 
circular perforations running the le^h of the 
slabs, to lighten it in addition to the reeds. 
The 5-in. slabs are specially manufactured for 
rendering timber joist floors fire-resisting, as 
already desoiibed [5J. 

Metal Lathing. Various forms of metal 
lathing may be used, strained betwera non- 
combustible supports, usually of iron, which are 
protected by the plaster or cement rendering with 
which the lathing is covered. 

Ihe dovetailed metal lathing, manufactured 
by the Fireproof Company, alr^y mentioned, 
makw a very solid partition [18] ; standards are 
provided of H-iron section and plates, heads, and 
wall pieces of channel iron ; these are arranged 
to form a series of panels, and sheets of this 
lathing are fitted in between them, the grooves 
ndming horizontally. In fixing, toese require 
to be carefully secured in their proper posi- 
tion, relatively to the standards, by vertical 
scre^ of cement at each standard, which must 
be allowed to set before the general surface 
is plastered or rendered. The rendering is 
thick enough to cover not only the lathing, but 
the standard and rails. 

Where openings occur for doors and borrowed 
lights, solid frcwmes are used, which may be fixed 
to the standards with screws before the lathing 
is plastered [21 ]. Skirtings of wood will be avoided 
where the most complete protection is sought, 
but iA many buildings they are employed, and 
may be fixed by means of screws driven through 
the pcirtitions into the back of the skirting on the 
other side [19], or to hard wood dovetailed strips, 
cut so as to fit one of the grooves in the sheeting, 
and inserted before it is put into position [20J. 
Where required, picture rails, dado rails, etc., 
may be fixed in the same way, the strips taking 
the place of ordinary grounds. The plaster or 
rendering may be taken over them, so that they 
are not, under any circumstances, exposed to 
the action of fire. 

Uralite. This is a material of comparatively 
recent introduction that is used for covering par- 
titions, and may be used for external and internal 
work. It is composed of asbestos fibre cemented 
by mineral glue, and has been ex^^ensively used for 
ail sorts of fire-resisting piloses It is prepared in 
sheets 6 ft. by 3 ft. and in thickness from in. 
to I in., and also in strips 3 in. wide. It is made 
in a hard and a soft quality, and finished m 
different colours, and may be obtained combined 
with a veneer of wood. When used for external 
walls, the sheets have the vertical joints carefully 
butted and nailed, the nails being from 2^ in. to 
3 in. apart, and the joints may be rubbed down 
and stopped with ordinary stopping. The 
horizontal joints are lapped 1^ in, to 3 in. For 
internal partitions, horizontal and vertical joints 
may be butted, rubbed down, and stgpped. 
Increased protection is given by covering the 
timbers of the framing with strips of soft uralite 
3 in. wide. When used on roofs, greater care is 
required in protecting the joints. The horizontal 
joints are lapped 4 in. to 6 in., and the butt 
joints are covered with hard, waterproofed strips 
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OpMiaga to yire mairttog Wall*. 

llie openbiipt ia fire^wstiitt ii«to 
hoiwevet cuduUf dealt wiui, sedouily ^kamiah 
tto fire-resistiiig qualities ui the stniotiiia. Fire 
m readily i|M*ead hy meaas of aiiek apeoiags, 
aad viMse tfieeffieient pioteetioa <d yaloablejptO' 
perty requires the greateat poastble preoaut£ms» 
eare oiuat be taken to preveat &n spreading 
toroQili them, not Qnfy wnlim a buiidiBg tl^ 
its doora, but, in the oaae of narrow streets a^ 
aceaa* from buildiiig to buiJdiag through the 
windows. 

Sxtemal openings are the most difficult to deal 


ifafi aSmift Ito ffitetos to asnsaA fM aoi 
toboaoatolMaa Qaek dawaijiuyta mratgpd 
to twtog ^ atote ; ^ stdiig dma awsly 
willi witnmf alnm^htogss» aad ate paoaidad 
wMi doable latofiait ae that tba door m told 
asar both top and tolton. Oidfrig deoia tore 
a trong haagers, by w hic h they are aayaded 
from a awtol famier, and to ghriag aa rndtina- 
tto to the ranaer ttoy amy be aaade aelf «eloaiag. 
When intended to act autoxnatloally, theae doom 
ate fitted with a ooaatmoise, atHKshad to an 
InfiammaMe oord. Oatbetoiniiigoftitiacoidthe 
dom: wiU cloee by ita own wmght ; hot this may 
ooour too late to arereat the paatage of fire, and 
to epsiire ooiito wte proteetiba care anmt be 
takmi to provide for dbaiiig regularly all such 
doom and shutters ni^Uy. A guide amst be 
provided both at the t^ bottom of the door 
to easure its keepto dte to the wall, aad wtoa 
dosed ito edge alumm fit into guides near the top 
and bottom, and overlap the opeaiag by at least 


with, because th^ are of necessity laige, to give 3 in. all round, 
adequate light when used hy 
day. At^ecreens or shutters 
closing each <^>endngB must 
be capable of being opened 
to their full extent, so as 
not to obstruct the access of 

Sheet iron was at one 
time used f<Hr such pur- 
poses, but unkas the edges 
are very fininly held, sueh 
doors are liabw to twist, i 
and may even force out the 
fixings frtim the walls. Any 
door which twists and ceases 
to lie flat against the frame 

or iamb of the opening will 28, xutomatig closiko door 
allow air to pass, and with Olather & PtaU) 

the air flames or inflammable 







It is agreat adYantage to have a 
sill provided against the 
bottom of the door or wall 
aafrw the head and jamb. 

IkKWs are also made in 
this form with a layer d 
urahte placed between the 
woodwo^ and the steel 
sheathing. A door of this 
kind can hardly be made an 
attractive object, and when 
appearance is of importance 
wooden doors may have to 
be resorted to, a^ though 
they do not give so thorough 
a protection as an armoured 
^ docKj may, if carefully con- 
stnicted, offer a continued 
resistanoe to fire for a con- 
siderahle time. 


gas. A shatter or door, 2 in. thick, hard wood, 
will resist the attack of fire for a considerable 
time if it fits close in a frame with a deep rebate; 
but tto metal hinges and fittings used with such 
doors are ipt to become red-bot and destroy 
the wood around them in time, and become 
loose, and tb^ should, th^^ore, be firmly bolted 
through, not merely screwed. 

Formu of Fire • renletiiig Doom* 
Shutters f(Hrmed with a frame of channel hxm, 
in which two aheets of corrugated iron, made with 
very small corrugations, are fixed, and the 
spaee between them tightly packed with slag 
wool, have been employed, ttoth shutters and 
doars are now frequmitly built up of wood, and 
covered with idieets of tinned ntoeA. The illus- 
tration [fiS] diows such a door made 1^ Messrs. 
Mather & Platt The doors are formed of two 
or ttoee thioknesses of deal tongued aad g^ved 
and nailed together. Th^ are covered with the 
tianed steel theets, wbioh have welted joints 
[fifi], and are fixed with sorews which are 
oovered by the joints and do not show; 


Built - up Wood l>oofO^ Ihe flush- 
framed, 2 in. hardwood door has already been 
described. Another form is one built up of three 
thicknesses of wood securely fastenecl to each 
other with wood pegs to avoid the use of imils on 
unprotected surfaces. 

The Giimour doors are frramed with a core of 
pine, not used in boards, but m thin strips glued 
tocher side by side. Hie core is sumHuided 
with asbestos toeedng nailed to it, and upon 
this a veneer of oak is glued and pressed under 
hydraulic pressure. Both fluah-fcamed and 
panelled dmrs may be formed in this way. 
A panelled door with panris formed in the same 
way and only | in. thick resisted the action of 
a fire which attained a temperature of frxmi 
1,500° to l,fi00° F. for fiO minnteftohen totM. by 
tto Britirii ftoproof Cbmmittoe 

Greatly inermMmd proteorion is afforded 
usin^ doKB in piurs, one on each faoe of tto 
<^toiiiiag to he pro t ected, forming a small lobby 
between the two which is entuely lined with 
inoombustible materials. 
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at last brought 4he «ml war to 
^ am jM»bM>cki«iig work bring acofun^^ 
in Ifoland, wlaere the severti^ and cnieU^ of 
has rop m u i ve amstmes make w there 

ot&MW to this day. The contest with his rsrlia- 
meiit he brought to a sudden end by lorcil^ 
ejmribBon in 1658. 

The Cofltinloiiwaalili^ Being anxious to 
give some ai^teot of ooiistitida<nudtsm to hie rule« 
he sunuaoxied a Puritan Con vexation, or Assembly, 
whioh prom^y reorived the xiickname of 
** Basrimes Pariiament ^ ; but even this eon- 
venticm could not work in harmony with Crom- 
well, imd the BazriKxnes Parliament was also 
dismissed, and Cromwell was dedared Protector 
of Sn^^and on December 16th, 1653. A sort of 
ooostitiitkin was drawn up which provided that 
the government <d toe country shoi;^ consist of a 
sk^e ruler, with one House m Padiament and a 
Council of State, toe members of whidi were to 

named by the Protector, but elected by the 
Parliament. The Protector was to be allowed 
the right of passing legisiadve measures while 
Parliament was not siring, and this right was 
modi used by Cromwell for the rapid carrying 
through of measures which seemed to him 
necessary. When the Pariiam^t, such as it 
was, met again, several members raised questions 
as to Cromwell's exercise of autho^y, a diffi- 
culty which Cromwdl met by e^luding all 
members who refused to accept its conditicms. 

The next Parliament whioh was summoned 
proved their devotion to him by actually offer- 
ing him the title of King. Crmnwell seemhd at 
first inclined to give the proposal some con- 
sideration, but the great majority of the sddiers 
on whom he mainly relied were Repudican. and 
he uhimatdy dedmed the title. 

Cromwell's . Difficulties. He next 
reatored the Upp^ House of the Legiskture, 
and the grateM Parliament voted him a 
fixed revenue, and installed him as Protector. 
But when Parhament met again there began 
a stnxgi^e between the two Bjwes, whereupon 
Cromwril resorted to his famiHar policy and dis- 
solved it on J’anuaiy 20th, 1658. IVom that time 
he rested his authonty on the support of the army. 

Cromwell’s political troubles were as great as 
before. He had constant evadeitce that there 
were sdieixies going im lor the oiganisation of 
annedmoveme^ on btoalf of toe Royalist cause. 
Undw different concfitioiis Cromwell might 
have made a saooessful and beneficent atoxtrary 
ruler, but the endeavour to obtain anything like 
a c^Hnpromise between religious hostiliries, 
betwe^tfae advocates of monarchy and toe 
advocates of republicanism, was too orach lor 
him. Ho was able, however, to dedbre Boot- 
land and Ireland to be part of the British 


kxagdcnn, givmg to both a nominal right of 
representation in Parliament. 

His f(»P^A polipy had made England more 
powerful in Ikrope than ever she had been 
before. He oondoded many treaties advan- 
tageous for Engbind, and made the Common- 
wealth the lea^ aikl the guardian of Pro- 
testant Europe. He endeavouied to form a 
league of the Protestant States of Europe 
agaxxist all opponents, made peace with Holland, 
and protect^ the Waldenses and other small 
Protestant populations agaiirat the oppres^^ 
of Catholic sovereigxxs. The victories of Admiral 
Blake, in 1656, over the Smniards, against whom 
Cromwefl had allied hiaiseli with Fnu^, brought 
fame and money to the Commonwealth. 

The Rule of One Steong Man. Hxs 
was the rule of the one strong man, and so 
as he lived it seemed to be firm and secure in 
England. But the time gone when such a 
rule could be long mamtained over the English 
people, and the man himself was soon to pass 
away. Cromwell had worn out his vigour by 
incessant over-exertion, while he had long been 
sufferii^ from heavy maladies. On September 
3rd, 1658, his life came to an end in the sixteenth 
yeaj* of hk reign. After the Restoration his body 
was disentontoed, was actually exposed on a 
gibbet at lybum, the public place execution 
for malefactors, and was then buried there. The 
Commonwealth which Cromwell had created, and 
which he aloxxe could have maintained, passed out 
of existence almost immediately after his death. 

The great Protector had three sons — Robert, 
Oliver, and Richard — ^but the second and the 
eldest son had died before their father, and he 
nominated Richard as his successor. But the 
work of maintaining the Commonwealth w'ouM 
have been too severe even for a man of the 
hipest statesmanship, and Richard Cromwell 
was not such a man. He had no capacity or 
indxnation for rulership, and he had only just 
entered on the Protectorship when army and 
Parliament alike toowed impatience at his 
attempt to rule. Seeing that the crisis was 
beyond his control, he abdicated in May, 1659. 

Remctlon, After the death of Richard 
Cromwell the country was broken up into 
factions. Military government fell asunder when 
the one man wlm could have sustained ft 
was removed from the living scene. The rap- 
porteis of toe Stuarts were still powerful, aod 
the intonate incoeBaor to the throM of Suji^d, 
Chiries IL, was rea^ for toe festoratson of 
Rc^palty. Under the oonditioixs of sato a time 
it was but Jiataral that the reaction from the 
Oottumnwealto should look to the restoration 
of the Stnaxt dynasty mi tlm oriy hope for 
the re-establishment of peace and order. The 
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hsm WM |M!<opltioiit lor m tdiange," and the xnan 
soon eesne foimrd. This man was General 
Qeom Monk, afterwards Duke of Albernwrle. 
Monk was a soldier of much and various experi- 
enoe. He had seen service for some years in the 
Datoh armyy and, returning to England, com* 
manded a regim^t to suppress rebellion in 
Ireland He was employed to oom|dete the 
subjugation of Scotian^ and soon after he won 
two great batties at sea over the famous Dutch 
Admiral, Van Tromp, Engird being then en- 
gage in one of her wars against Hollimd 

The ReetornHon. After Cromwell's death, 
Monk, who was then Governor of Scotland under 
the Commonwealth, crossed the border on New 
Year's Dav, 1660, with an army of 6,000 men, 
and straightway marched upon London, vdiich 
he enter^ wimout opposition. His intention 
was to restore the Stuart dynasty, and he 
speedily realised that if he made a determined 
effort he would have the majority of the nation 
.with him. He played a dexterous part in endea- 
vouring to make a compromise with the supporters 
of the Commonwealth ; but he soon proclaimed 
himself the champion of the Stuart restoration, 
and invited Charles II. to return to Ehigland and 
claim his throne. On May 26th, 1660, Charles 
landed at Dover, and the national revolt against 
military despotism secured him the throne. 

Charles was bom at St. James's Palace, m 
May 2l8t, 1630.., After the death of his father 
he spent a wandering life abroad, although he 
made several attempts to regain the t&one. 
He escaped to France, where he spent some 
years, and afterwards to Germany and the 
Low Countries. Then, at length, came the 
death of CromweU, the hopeless attempt at 
rule of Richard Cromwell, the movement of 
General Monk, and the restoration of Charles II. 
to the throne. But Charles was not the man to 
turn to good accoiint the great chance which 
fortune had thus forced upon him. His main 
desire was for a life of luxury and amusement, 
and he was unfitted to be the ruler of a state. 
He was for many years greatly under the 
influence of Edward Hyde, Earl of Clarendon, 
the lawyer, statesman, and historian, whose 
influence injured the popularity of Charles with 
his own people and brought him into small and 
meaningless wars. In one of these, the war 
with the Dutch, Commander De Ruyter 
actually sailed up the Thames and destroyed 
some warships th^ lying at Chatham. Under 
the influence of' Clarendon a peace was made 
with Holland which left* boHi England and 
HoUand in financial straits, and rai^ France 
once again to a high and commanding position. 

The Cabal Ministry* After the down- 
fall of Clarendon, CSiarles, under the influence 
of the “ Cabal ’* Ministry—compoeed of Clifford, 
Arlington, Buckingham, Ashley Cooper and 
Laudenlale — enter^ into a secret treaty with 
France, and became a pensioner of Louis XIV. 
The feeling against Fiance was all the time 
beconung stronger and stronger in England, and 
he was ccmipeil^ to consent to the marriage of 
Ek niece M^ with William Prince of Orange. 
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ment t>f that sj^t of selmh and sensuous 
indulgeiioe by wiiidli it was dktmguished. 

PIsfwo and Firs. Among the distisis- 
ing events of the tiioe were the Plague of 
1^, which caused the death of some 76,600 
perscms in London alone, afld the Great Fire of 
the feUowing year, wl^ch destroyed nearly 
14,000 houses in London. Another event of the 
reign was the famous Popish Plot " of Titus 
Oates, who, in 1678, professed to have discovered 
a scheme among the Catholics for the wholesale 
massacre of Protestants, the burning of London, 
the assassination of the King, and the oocupaticm 
of Ireland by a French army. Titus Oates 
became, with the popular party, the hero of 
the hour, and on his evidence, and that of 
other informers, many leading Catholics were 
tried, convicted, and imprisoned or executed. 
On November 30th a Bill was passed for “ Dis- 
abling Papists from sitting in either Houses of 
Parliament." In March, 1679, the Bill to 
exclude the Duke of York from the throne was 
brought in. It was deferred by the King, but 
was passed through the Commons in the Novem- 
ber of the following year and rejected by the 
Lords. In December, Lord Stafford, the most 
notable victim of the Popish Plot, was executed. 
But the tide soon turned against Oates ; he was 
sentenced to imprisonment for life, and only 
released after the Revolution of 1688. 

Habeas Corpus Act. The one really great 
measure with which the reign of Charles II. is 
associated is the passing of the Habeas Corpus 
Act, founded on Section 29 of Magna Charta — 
" For the better security of the Uberty of the 
subject,” This Act, which was passed in 1679, 
provided that any person imprisoned by the 
order of any court, or even of the sovereign, 
may have a writ of habeas corpus to bring him 
before one of the regular courts of law, which 
should consider the case and decide whether 
the committal was just or unjust. It was also 
provided that the Act could be suspended by 
Parliament for a specified time in any national 
crisis or emergency. 

There were some victims to panic and passion 
in the reign of Charles II. whose names must 
for ever be treasured with honour in England. 
One of these was Lord William Russell, third 
son of the Duke of Bedford, who at the Restora- 
tion was elected a member of the House of Com- 
mons. This was during the famous conspiracy 
known as the Rye House Plot, a plot to murder 
the King and the Duke of York at the Rye 
House, in Hertfordshire. It was formed by 
some of the extreme Whigs in 1683, after the 
failure of the Exclusion Bill. The plot failed, but 
although the charge against Russell, Sidney, and 
Essex was entirely u^ounded, they and others 
were convicted and sentenced to death. 

Charles died on IViday, February 6th, 1685, 
leaving no children by his marriage with 
Catherine of Braganza, daughter of John of 
Portugal, in 1062. 
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limitatiim is nattirol to the hosiery 
^ tUKdiiiie; every knitting frame is, oon- 
strnoted to pi^uce a particnW class of work. 
When a weaver wishes to change the kind or 
character of the fabric he has been weaving into 
something different, he requires, as a rule, only 
to ohange the mountings of his loom, and 
sometimes not even so much. The knitter, on 
the contrary, constructs his frame for a given 
kuad of falinc, and cannot change it except at 
very serious cost. This fact partly ex][^ins 
why there are so many hosiery machines. 

Warp Framea. Most knitti^ frames are 
oonsimcted to manipulate a si^e thread; 
but viien Crane, of Edmonton, invented his warp 
frame in 1775, he brought a new and highly 
important principle into the hosiery trMe. 
Henson thus describes the machine : The 

star boxes and falling bar were taken awav from 
the common stockmg frame, and the lockers 
were fastened up to prevent the jacks from 
falling. A series of guides, of the same number 
and gauge as the needles of the frame, with 
holes in their ends, were fixed on a bar near the 
heads of the needles. At the top was a warp beam 
furnished with as many threads as there were 
needles, and a machi^ to guide these warp 
threads to the needles, each pasajpq through 
its own guide. A part of the nteeWe was 
adapted to make each thread to form a loop 
like that which schoolboys make on a string. 
This slone would have produced only a series 
of looped strings. But by other movements a 
spring was applied, and the guides were re- 
move one ne^e to the right or left at pleasure ; 
and the same movement bdng repeated in loop- 
ing, the two next and every next loop was oon- 
jomed to its fellow loop. By removing the guides 
two or more needles to the rig^t, and then 
work^ the same number of courses to the left, 
a knitfM web was produced of zigzag angular 
texture, and varied cobured stripes could be 
made.” 

The Value of the Warp Framee. No 

cm who considert attentively the structure of 
this machine can fail to be struck with its 
singular adaptability to all cloth-making piur- 
poses. When James Tarrat, a famous mechanic, 
added trwileB to the frame, in 1785, and other- 
wise increased its productive power, it was 
generally perceived tnat a great step had been 
taki6n in Ihe production of knitted faluics. 
Not only so, but the basis of the machine lace 
mdustry was laid when this machine was cem- 
struoteo. Botaiy power was applied to the warp 
frame ohie^ through the invention of William 
pawBoi^ a Leicester framewcurk knitter, to whom 
the kosieiy trade owes an immense debt 


Cotton*e W«^ Framee* Among the 
other numerous inventors who progressively 
assisted to develop the usefulness of the warp 
frame Luke Barton stands out as, perhaps, 
the most conspicuouB till WiUiam Cotton, 
of Loughborough gave the results of hk 
genius and lat^urs to the world. Cotton’s 
warp frame, with improvmnents and addi- 
tions, is one of the principal frames at presents 
in use. Of the mo^oations, which scarcely 
affect the body of the frame, we shall not treat. 
The details of Ihe frame itself are worth the 
closest attention, embodying as they do most 
of the ideas which are to found in all our 
newest machines. The needles, instead of being 
horizontal, are set j^rpendicularly in front of the 
presser bar, which is stationary, and press them- 
selves against H. On the old frames the sinkers 
are hanging on the jacks, but in this machine 
sinkers and jacks are separated. Placed be- 
hind the needles^ the jacks are fixed on a wire, 
the ends over the slur bar, along which runs 
the slur cock, and forces them up. Furnished 
with roimd heads, the jacks, as Aey come for- 
ward, strike on the sinkers, bringing them down 
to form the loops. By the operation of a locking 
bar, the lead sinkers divide the loops with the 
jack sinkers ; the needles are brought down to a 
lower level than the divided loops, the beards 
being pressed in the act ; then the loops are 
borne over the needle heads by m^ans of the 
fixed appliances. A new course is thus formed, 
and a range of stitches added to the web. The 
widening and narrowing apparatus consists of 
ticklers, finely adjusted as to obey a side move- 
ment, either way, the distance of one needle, in 
any gauge, and to remove or put on any number 
of stitches which may be required. 

Rotary ROMop Frame. This is one of 
the fincat examples of the rotary machine [^16]. 
As may be generally known, the ribbed heads of 
stockii^, the gussets, wristbands, and other 
fittings of underclothing, are noAde separatelv, 
and joined on to the main pieces afterwards. 
On tlM rib- top machine, Btnitt’s ribbing appliance 
is made automatioally perfect. The upright 
riblmig needles play in upon the horizontal 
needles of ^e fr^e with incredible rapidity, 
and fine accuracy. The action of ihe slur 
is reversed ; it runs over, not under, the jacks, 
which are steadied by springs irm behind. 
Smker and jack are joined finnly toffether, or 
made in one piece, thw imparting to w former 
an accuracy of movement not attainable with 
the jointed sinker. All the opentions in this 
frame follow each other automataea^, whether 
formmg the welt, putting in the isqilioing course, 
or striping. 
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Ciroulw tfottierir Wvmmmm. The moit 
popular IpilttiM machine is tlie oiroular Inme, 
lasted hy m Maio iBambard Bniadi> the 
great eugiiiew, in 1816, as a mete peurtame, 
piobably to see if he oould re4nvent theimittmg 
mate or not, it lay unheeded for nearfy thirty 
veers. Brunei is universally credited with the 
mvention, but there is a serious dispute as to the 
merits and preoedents of the improvers and 
intr^ucers of the machine into the' trade. A 
trai^tion exists in Leicester that a native of that 
town, named Griswold, made the machine really 
industrial; but Felkin, the supreme authority 
cm the subject, traces a direct hne of suooessive 
improvers, from Arthur Paget, of Lough- 
borough, through Peter Claussen, of Brussels, 
Thomas Thompron, of Nottingham, Moses 
Mellor, W. C. Gist, and Edward Attenborough, 
'^‘down to thirty years ago. Later authors m^e 
the Bickford the standard circular machine. 
From Amerioa improved frames are brought over 
and patented year by year. Our business is not 
to adjudicate the claims of rival inventors, but 
to study the machines th^ have produced. 

Bruners Round noslery Machine. 
We elect examine this invention out of no his- 
torical curiosity, but because the principle of this 
important class of knitting frames is most clearly 
exhibited in the original machine. The needles 
are of a common bearded shape, and firmly set 
on the outer rim of a wheel suspended from, 
and fixed to, ^ rotating spindle. The wheel 
may be of Jiy diameter, and the needles, placed 
in a concentric manner, are sdt at distances varied 
according to the quality of work to be produced. 
Another wheel moves upon the spindle, carrying 
arms and knitting appliances, as well as the yam 
which feeds the machine. As the thread is de- 
livered it is pressed down between the needles 
by pallets and carried under the hooks. By an 
oblique movement the thread is pushed to the 


wheel dfisorib^ The second am carries a 
small wheel with long teeth Uke radii The 
soM part of this wheel presses the needle beards 
Into thehr grooves, and, taking the web, slides 
each stitch to the heads of the neeiBes. A 
ihkd arm, carrying a vdie^ throws the stitches 
over the hooks, sets of these whedbi 

m^ be fixed round the spindle whed. 

ProoeM of Improvement. Paget in- 
troduced an upright oyiinder, with needles placed 
round and mov^ upwards in sucoession, the 
beards being subjects to a pressing motion 
as the needles returned to the lower position. 
Peter Claussen, besides making a new form of 
feed wheel, varied sizes of pressure wheels, and 
comb pieces, attached an apparatus for winding 
up the web. Thompson devised a ribbing 
appliance for the circular machine, and used the 
tumbler needle. Mellor placed the needles 
perpendicularly, and opiated upon them 
from the outside by an indented loop-wheel 
roller. Attenborough produced a series of cir- 
cular frames containing many improvements, 
which are in use at the present day. Similarly, 
a Griswold series has been developed, and is 
still operated. 

A Series of Circular Knitting 

Frames. Nowhere does the innate conserva- 
tism of the British character manifest itself 
so strongly as in the factory. Not that this im- 
plies lack of progressive power. Raiher the 
contrary is the case. Side by side we can see 
the oldest and the newest models working to- 
gether in the same factory. Here is a series 
of machines, looking outwardly very much 
alike. Spools of yam are held aloft on slender 
rods, the threads coming down over guides 
to the rings of delicate ne^les. The first of the 
series is an old Griswold, with its ring of 80 needles 
sending out a coarse tubular web on to the 
winding apparatus below. Next we find another 


extremity of the needles by the first arm of the 
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machine with movable needles. At a given 
point, the worker stops the 
machine and adjusts the needles 
to produce the curve of the leg 
. on the stocking. Further along, 
^1 a stocking-leg is almost com- 
plete ; the worker switches off 
^ ^ « the drive, and moving the 
machine by hand, knits the heel 
i of the stocking with a half -circle 
I motion. At the last we come upon 
i a machine, which, at the proper 
J moment, begins of its own accord 
y to form the heel, executing the 
4f to-and-fro reciprocating action 
necessary for the formation of 
^ the heel. 

An American Machine. 

The iollowing is the specification 
of one of the many American 
I circular frames which have been 
^ patented in Great Britain during 
recent years. “The method of 
forming full-fashioned stockings, 
which consists in taking up the 

full number of stitches required 

to form the top of the leg, knit- 
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by ieediBg mm to 
jrow of ttodSm m botk direotioiis 
4hootigtoi>t ^BOid couraeB, theseby 
itot Motkm of fiat 
wobs; Hktti^ihroiBitig oat of actioa 
one-half of the remaininff needfes^ 
lodtthaig a toe-boige by nittiag a 
giyen nmi^ber of eoursee back and 
forth and narrowing* and then a 
correepon^iig mimber of likecouraea 
and widenhig, at the same time 
nnituig the widened pcortkm of the 
nairowod portion; then throwing 
into action t^ needles last thrown 
out of action; then knitthig a 
saffioient nnmb^ d circular courses 
tofcmn the greater portum of the 
foot; th^ widening for seyeral 
oouEseB to form a gusset or gore in 
the bottom of the foot ; then lotting 
the heel-bulge in the same manner 
as the toe-bulge* mid upon the same 
of the tahe as the gusset or 
gore; then knittkig a series of 
circular courses to form the ankle ; 
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then wid^Eiing upon the same side of the tube 
as the heel-lmlge till all the needles first thrown 
out of action are again in operation; then 
knitting a series of circular oonrses, using the 
whole number of needles to complete the whole 
desired length of the leg ; then throwing out of 
action and dropping the stitches from the same 
needles that were first thrown out, repeating the 
foregoing operations as many times as said 
stops from die path of one rack bar d ;he path 
of the other rack bar, and vice versa 

Mechanism of the Circular Knitter. 
The top of the frame [217] is a fiat table, into 
which the bed-plate is fixed. Secured to the 
plate is the grooved needle-guide cylinder, and 
over it a loose ring, provided with thread- 
guides for conducting the thread to the needles. 
A revolving cylhufer, with annular grooves 
interrupted by cam openings, clasps the needle 
cylinder. Adjustable cams raise and lower the 
needles, and other cams are set so as to reverse 
the knitting machine for forming the heel. A 
bevel-gear transmits the power from the driving 
crank to the cam-cylinder, and causes the 
machine to make a circular web. To fashion the 
leg oertMn neec^ are removed, and their loops 
placed on adjacent needles. In forming the heel 
the machine automatically draws up the needles 
on one part, leaving the needles required for 
the l»wadth o£ the heel, and the cam-cylinder 
moves to and fro with reciprocating motion 
instead of going direc^ round. 

• Cnlendmiug. Ihe hosiery calendering 
machine is a simple roller press, designed to 
flatten down and give permanent form to the 
fabrics. “Leg-bags,’’ e^>6cially, which require 
to be cut and footed, are put under pressure. 

Cutting. Common h^ery of the ch^^r 
qualities is woven in lengths equal to a pair of 


hose. In order to form the foot, these need to 
be cut in a very careful manner. On the cutting 
machine the tube is cut half way across, then a 
long cut is made down the length of the web 
for about IS in., and the knife brought through 
again in a transverse direction. 'Qiis at once 
separates the pairs and shapes the foot. 

Swnmera and Finiahera. Many knitted 
fabrics and garments are made in parts, which 
must be joined together. This is the work of the 
seamers or mencters. Being purely practical, 
and involving merely dexterity of hand and 
practical knowledge of each kind of article, this 
operation does not lend itself to teaching in 
the abstract. The same might also be said of 
hosiery finishing in general. To give anything 
like an adequate summary of aU the dainty 
and delicate faWics and garments which are 
made in the finishing department from the pro- 
ducts of the machines would involve much stu^ 
of little practical value. Every factory has its 
own specialities, and the forms of these alter 
year by year, season bv season. In this depart- 
ment the hosier uses atl kinds and classes of silk 
ribbons, cords, and various fancv smallwares. 
In many cases, too, the embroioEerv machines 
are called into requisition, especially in those 
factories whose enterprise touches nearly on the 
province of the jgauze weaver at the one side 
and that of the lace manufacturer at the other. 

Pressing. Many of the finer fancy' goods 
and articles of underwear are passed through the 
steam-heated press. Like most of the hosie!^ 
finishing appliances, this press is very simple in 
structure, ^th table and presser are shallow 
boxes of cast iron, compartoented, and filled 
with steam, which oirowtes through them. 
Subjected to the pressure and heat, the goods 
come out smooth, firm, and glosey. 
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PATTERNS & SHAPE-MAKING 

» 

How to Take Patterns from Models. Copyingf Shapes from Measure- 
ment. Shape-making. Shaping the Tip. The Process of Mulling 


By ANTOINETTE MEELBOOM 


*THE advantage of being able to take patterns 

* correctly is very evident, as the newest shapes 

are never “ blocked ” or sold retail. 

A milliner buys the trimmed models, and 
takes the pattern of them to copy either in a 
wire shape or to cut out in espatra or buckram 
for firm shapes to be covered with cloth, velvet 
or silk. The experienced milliner is very quick 
at seeing what will be the best way to set about 
it, as in a much curved and trimmed hat or 
toque it is not so easy at first to get at the 
actual shape. It may sometimes be necessary 
partly to take off the trimming. 

TaRing the Pattern. A paper pattern is 
taken in three parts: the brim, the sideband, and 
the tip, each part being taken off before the next 
is begun to avoid tearing the paper. Unless it 
is a toreador, turban, pork pie, or pillbox shape 
hat — all of which have an edge to the brim — 
the brim pattern can be taken in one piece. 

Brim. The pattern is taken either from the 
inside or outside of the hat — whichever is more 
easy to get at. Take a piece of good tissue paper, 
place it with the comer to centre-front of brim, pin 
it with a steel pin, and smooth it away on either 
side until the brim is entirely covered, without a 
wrinkle. Avoid placing the pins in a row, as 
that is bkelyto give fulness between [22]. Pin 
round the headline ; cut away the paper round 
the edge, holding the hat in the left hand and 
the scissors in the right. See that the paper is 
cut exactly to the headline. Mark centre-front 
with small “ snick ” A- 

Take out the pins, fold the paper in half, and 
see that the two sides are exactly alike ; the 
edges may require cutting. (This applies to a 
plain hat with both sides alike.) In cheaper 
bought shapes of buckram and straw, which are 
often one-sided, select the side which appears the 
better shape, and mould the other half to that. 
If the paper is not large enough, or the brim is 
too much fluted to be taken in one piece, jom on 
pieces wherever necessary. 

Sideband. For the sideband, start again 
from the centre-front, smooth and out the paper 
wherever necessary on either side till it reaches 
the back [28]. Cut away along the top edge, and 
continue snipping the paper round the bottom 
till it can easily be cut away round the head- 
line. 

Snick for centre -front, and, in the case of the 
join coming at the sid*^, snick also the centre- 
back. The join comes on the sideband wherever 
it is most likely to be covered with the trimming. 

The Tip. The “ tip of a hat is generally 
round, oval, or diamond, and it is therefore 
unnecessary to take the pattern, for when the 
sideband is joined to the brim the shape of 
tip can readily be found. 


In toques and bonnets the pattern must 
alwa 3 r 8 be taken, as there are so many kinds 
of fancy shapes. If the pattern is likely to be 
much used, run it on stiff net with fine cotton, 
cut the net to shape, and keep for future use, 
keeping all the parts of a pattern pinned together. 

In “ turban ” [40] hat brims, the second edge 
is often merely a straight piece, in which case 
it can be measured and cut out in paper ; if, 
however, it is ever so slightly shaped, a paper 
pattern should be taken. • 

Round Dome Crowns [24]. No pattern is taken 
of these, as they can be made from a blocked shape. 

Oval Crowns [26]. This shape may be taken 
in two pieces — the sides and tip. 

Toques and Bonnets. Patterns of toques 
and bonnets are taken in the same way as hats. 
Bonnets of the Dutch [26] or Marie Stuart 
[27] type may be taken in one piece. The 
Coronet is a fancy-shaped brim in the front 
side or back of a bonnet. Such shapes as the 
Granny and V6ronique bonnets must be taken 
in separate parts, as described for hats. 

Rough Straws. If it is impossible to take 
the pattern of rough or fancy straws in paper, 
use pieces of stiff net or leno of about 2 in. 
square. Lay the pieces on the upper side of 
brim, each overlapping a little, and pin down. 

Cut the outer, edge and headline of pattern to 
shape of hat, and make a snick for centre -front. 
Take pattern carefully from the hat. Pin this 
net shape on to a piece of paper or a large piece 
of net, and cut out the pattern again. 

To correct the p'^ttem, fold it in half and check 
it, modelling from the side which looks the better. 
If there is any difference in size at headline, 
keep the shape of that which has been less 
cut away. 

If straight, take the pattern of sideband by 
measurement, having the join at back, and 
allowing no turnings. 

Copying Shapes by Measurement. 

To copy a shape by measurement, which would 
be done if a wire shape is required, proceed in 
this order: 

1. Headline. Pin the inch tape at the starting 
point, and work from right to left. 

2. Outside edge. 

3. Width of brim, centre-front, sides and back. 

4. Diagonal of brim — (a) side-front right, (h) 
side-front left ; (c) side-back right, (d) side-back 
left. 

5. Diameter of brim — (a) front to back, (h) 
side to side. 

6. Depth of sideband. 

7. Size round tip. 

8. Diameter of tip — (a) front to back, (h) 
side to side. 

9. Width between wires round edge. 














Take the measurements from the inMe of 
model where possible, and make a note of any 
peculiarity of imape. K the ^ttern of a trimmed 
model is taken, measure all tne trimming, noting 
position of feathers, etc. Write them down in a 
notebook. 

If an espatra shape is required, obtain the 
measurements and then take a large square of 
paper, fold it in half, draw the headline and cut 
it out. To obtain the radius, divide the size of 
head by 3, and this will be the diameter of the 
circle ; halve this, which will be the radius. 
Open out the paper, mark all the different 
measurements from the headline. Proceed in 
the same way for the sideband and tip. 

After some experience, it will be easy to make 
up one’s own patterns, beginning in this way : 

Cut a square of paper the** diameter of the hat 
to be made [28]. 

Pold it in half, then in half again, thus making 
a square [29]. 

Fold it diagonally [30], and diagonally again, 
alw^ays keeping the folded edges of the paper 
together, and placing the new fold on the 
separate folds [31J. 

Cut off the triangle beyond the double part, 
slightly sloping it. If sloped too much, flutes 
will be formed round the edge [31]. 

Open it out, and it will he found to be a 
circle. 

Refold, and from the centre point measure 
one-sixth of the headlme, which should be cut 
off [32]. This gives a round brim with round 
hea^ine, only suitable for children and young 
girls. For adults, the headline is mostly oval, 
which is obtained by sloping off I in. along 
each side [33]. 

To make a brim wider in front than at the 
back and sides, instead of folding the circle in 
half fold it 1 in. or 2 in. from the front [34] ; 
refold, and cut headlme as before [85]. 

For shapes like the Gainsborough [86], larger 
on one side than the other, cut the larger side 
first, and shapj the smaller side after the head- 
line is cut. 

After getting the circle of paper with the head- 
line cut out, any shape may be made, according 
to fancy. An oval -shaped brim may be cut by 
sloping i in. to IJ in. away from each side. 

Half an inch taken from centre of back, sloping 
to a point in headline, wuU cause the brim to 
turn up or down [87]. A gusset, inserted either 
at the left side or the side-back, will cause the 
brim to be very much curved [88]. 

Small cuts sewn together, slightly overlapping, 
will turn the brim up round edge, as for French 
sailor hats and similar shapes. Thus, with a 
little originality and ingenuity, any kind of 
shape can be evolved. 

Sidf'banda. In making shaped sidebands 
more curve is required for those which are 
narrower at the top than at the bottom, and 
vice versa [ 39 and 40]. The straighter the side- 
band, the less the curve should be. For a side- 
band that is nearly straight very little curve is 
required. Straight sidebands, not wider than 
3 in., may be cut on the cross of the spatrie, 
and slightly stretched top or bottom [41]. 
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Take a square of paper of about 20 in. Pro- 
ceed to fold it in the same way as for brim until 
a circle is obtained. Measure the depth of the 
sideband from outar edge, B [42]. ’ Open paper 
out and measure along bottom the size of hem- 
line. Measure along the top. A, about 2 in. less 
and cut off along the curv^ lines.' No mttem 
need be made of the tip as it is fitted to the side- 
band when the shape is made up. 

Another method of obtaining the same result 
is to take a piece of paper, fold it in half, and 
mark the centre at top. Hold the end of a tape 
measure on this mark and make A at 15-18 in. 
down. Sweep to either side of A [43]. Measure 
upwards 2J in. or 3 in., according to size required, 
mark B, and sweep round again. 

Measure along curve from A half the size 
of headline. !Mark each side and draw a line 
from the pivot to these points. Cut along the 
curved lines. 

Fancy patterns of toque shapes should bo 
made in wire from measurements taken. They 
would be difficult to copy in hard materials, as 
these do not lend themselves to such manipula- 
tion. 

Children's hats and bonnets may be drafted 
from measurements. For hats, only one measure- 
ment is required — size of head. For bonnets 
there arc four measurements : Over the head to 
below the ears, 14 in. ; ear to ear, round back 
of head, 5 in. ; forehead to nape of neck, 11^ in. ; 
forehead to centre crown at back of head, 5 m. 

Cut length of paper to correspond in length 
with the first measure and in width with the 
fourth measure [«]. Round the corners. 

For the back of the bonnet, cut a square of 
paper the size of third, less the fourth measure 
[45]. Make a circle from the square. Fold it 
in half and cut off 1 in. to in. to form an 
oval. 

Cut off 1 in. from the lx)ttom. For Coro- 
nets,” with re vers (the patterns of which are 
made separately) [49 and 50], place the front of 
bonnet flat on the table, pencil round the shape 
on paper and draw the shape and width re- 
quired. 

The cutting out, making, and trimming of 
the bonnet shown in 46, 47, and 48, are described 
when dealing with Children’s Millinery. 

SHAPE-MAKING 

Having learned to take patterns, wo will 
proceed to make the shape. The best milliners 
usually make their OAvn shapes, as they are 
much lighter, fit better, and possess more in- 
dividuality. The block shapes bought in shops 
are turned out by the thousand, and are mostly 
made of an inferior kind of buckram, badly 
wired, and, in some cases, the different parts are 
only gummed together. 

We will take first “ winter ” shapes, which 
have to be covered with velvet, cloth, silk or 
fancy millinery material. The best material 
for shape-making is espatra, known in the 
trade as “ spatrie.” 

It is made only in white in sheets 24 in. by 
31 in., and in two kinds, stiff and soft. The 
stiff is used for straight or very slightly curved 
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brims and crowns. The soft spatrie is belter for 
the curved brims of hats, toques and coronets 
of bonnets. It is easier to manipulate as it 
stretches ; or can be eased on the wire. It also 
makes the shape lighter in weight. If espatra 
is not obtainable, millinery buckram is the best 
substitute, made only in black and white, and 
sold by the yard. 

Open out the pattern and place it on the 
espatra with the front (which was marked in 
each piece with a “ snick ”) to the corner. 
Hemember that all farts are cut with the centre - 
front placed on the cross [51]. Pin the jiattern 
firmly on the espatra, leaving these turnings : 
(1) Half-inch turning inside headline ; (2) { in. 
at each end of sideband. 

If the brim is cut at the back [36], in order to 
overlap or sew in a gusset, leave I in. turning 
each side. 

Mark on the espatra the centre -front of each 
part ; cut out and remove the pattern. 

Making up the Shape. Snick tlie ^ in. 
turnings left inside the headline, in. apart, 
and turn back to rough side, defining well tlu* 
headline [52]. All parts of the shape must now 
be wired, using the wire stitch, one wire coming 
to two edges. Use firm support wire. 

Brim. Wire headline on rough side of espalia 
outside the turnings [52], Overlap the wires 
for 2 in. wherever they join. Wire edge of 
brim on the muslin or smooth side of es[)atra 
at the extreme edge [53]. Sew another (tiner) 
uirc I in, from the edge on the under part of the 
brim. [53]. 

SioEBANl). Pin cent ro-front to centre of front 
of brim, the smooth side of tlic spatrie coming 
outsid(‘ [54]. Back stitch evenly 11 round to 
turnings of brim and over tJie virc. and stitch 
up the join. Wire inside the top of sideband 
at the extreme* edg(*. 

The Tip. As no pattern is usually made for 
a hat tip a pk'oe of espatra, rather iarg(‘r lhau 
requir'd, is pinned on sideband (with the elo^s 
of csjiatra to the front of sid(‘hancl), smooth side 
iipjiermost |54]. Cut off about 1 in. at the lime 
to sliapc of sideband and wire, stitching it as 
3^)11 j)r()cocd. When the lialf is done, start again 
from the centre-front. 

Shaping the Tip. (beat care should be 
tak(‘ji lo keep the tip a good shape, and not to 
( lit away too much, or it will sink m, and })r(‘vcnt 
tlie covering from setting well. Donu' crowns 
1 24] are bought blocked ready made. 

Oval crowns with a dip in the centre [25 1 
have the tip rubbed and stretched in the centre 
to make the necessaiy dip. 

Oval crowns Avithout dip aie cut from two 
similar pieces, w'ircd on oik* side, and the other 
soAvn to it. 

When a brim has to be gradiudly curved, as 
m a Oainsborough or San Tojq the shape should 


be held on the arm, oi some other soft substance, 
and the espatra gently rubljcd Avith a thimble. 
Rub on the outside for an upAAard, on the 
underneath for a doAvnAvard curve. 

For a boat shape, in Aviring the edge of brim 
the shape is slightly contracted. 

For fluted brims the edge is slightly stretched 
in the wiring. 

In shapes with croAAms larger at the top than 
at the base, the crown is not scaati on until the 
upi)cr brim is covered [40]. 

In some shapes with deep sidebands the brim 
is slipped over the evoAvm, part of the sideband 
making the bandeau 153]. 

Bonnet shapes arc made up in the same way 
as hat shapes, except that the outside wire must 
go all round, overlapping for 2 in. at the back. 
Cut the tip exactly to pattern, and the sideband 
wi^h J in. turnings roimd the bottom. Cut the 
front or brim with J in. turnings round the 
head, snicking the turnings at regular intervals 
and folding them back to the edge of pattern 
to define the headline distinctly. 

Wire-stitch a Avire round the outside of these 
snicks, as for hat, leaving I in. of wire beyond 
each end. Pin the bottom of sideband round 
the headline of the front, beginning from tlu^ 
centre-front, and snick the J in. turning to mak(^ 
it set wtII. Then backstitch this round. 

Wire the top edge of sideband inside, leaving 

in. of Avire at each side. Pin the tip round 
the top of sideband, and Avire-stitch it on 
carefully. 

Wire the edge all round, nipping on tlu'. 
.1 in. turnings left at the ends of the sideband 
and headline. Wirc-stiteli it across the back, 
ovcn'lapping the Avire for 2 in. Avhere they me(‘t, 
and cut aAv^ay any rough turnings that may be 
left inside. 

To enlarge a bonnet shape, cut the pattern in 
the middle, leaving the sides the same shape, 
and add 1 in. or 2 in. in the cimtro of shape. 
If the sideband is also enlarged, it AAill make 
the Avhole band AA'id(*r. 

Mulling. Mulling is the process of covering 
the Avires Avith mull muslin to prevent the Aviri* 
and stitches marking the material. Cut strips 
of mull muslin on the cross, or sarcenet about 
I in. AAide, turn in the edges, bind round tin* 
edge of brim and tip, using the long backstitcli 
[55]. Mulling the tip must be done by Iaao 2 )ro- 
eesscs ; first sew round the tij), and then round 
the sideband. It will not set well if the stitches 
are taken through both edges alternatidy. 

For shapes to lie coATrf*d Avith silk, crepe, 
thin velvet or similar light millinery material, 
both upper and under brim and entire crown are 
coA^erc(l with mull cut to shape, and the edges 
mulled as described above. Often the under 
brim onljr is mulled all over, in which case the 
AAire J in. from edge of brim is omitted. 
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operation ^^e have described [page 4034], 
^ called the sail cake process, is the first step 
in a method of manufacturing carbonate of soda, 
first practically worked out by the Frenchman 
Leblanc, at a time previous to the Revolution. 
It is still largly used at the present day, although 
other methods, in particular the ammonia-soda, 
or Solvay process, have replaced it tn a great 
extent, and nov account for half the total 
production. 

The pure salt cake, sucli as is prepared in 
muffle furnaces, consists of sodium sulphat(‘, 
with only a small quantity of unchanged common 
salt, sulphuric acid, and other substances. 1’he 
crude salt cake, prepared in a reverberatory 
furnace, contains about 90 per cent, of sodium 
sulphate, and for the next operation, t/crmed 
the black asli process, it is mixed w'ith an 
equal w’eight of powdered limestone, and three- 
quarters of its weight of coal. The limestone 
should be free from silicates, and the coal as 
free as possible from ash, both sources of silica, 
as the soda formed in this process reacts 
with silica to form sodium silicate, ^\ith con- 
sequent loss of soda. The mixture is ])laced in 
furnaces. The older type consisted of a rever- 
beratory furnace, but this has been replaced 
to-day to a 
large extent 
by revolving 
furnaces [15J. 

The advan- 
tage of a re- 
volving fur 
nace is this, 
that the ma- 
terials get 15. klvolvix; s \ lt c\KE furnace 
uniformly 

mixed during the process, placed as they are 
inside a horizontally rotating drum, R, kept on 
the move ; and further, the mixing is carried 
out mechanically, and hence a great saving of 
labour is effected. 

The Revolving Furnace. The revolving 
furnace is heated either by a flue from the fur- 
nace, A, or by ‘‘ producer gas,” vhich enters the 
cylinder at one axis, while the fumes and pro- 
ducts of combustion escape from the other end 
of the cylinder, through the dust chamber, D. 
H is the hopper for charging the cylinder, which 
revolves on rollers, BB. The contents of the 
furnace can be emptied through a door, not 
shown in the diagram, into the waggon, W, 
underneath. 

The chemical changes which take place may 
c'onveniently be represented as consisting of tin* 
reduction of the sodium sulphate by the carbon 
of the coal, or, in other vords, the carbon 



combines with the oxygen of the sodium sulphate 
to form carbon monoxide and carbon dioxide, 
which burns or escapes while the sodium sul- 
phate, bereft of its oxygen, and converted into 
sodium sulphide, remains behind. 

Na.SO^ + 2C - Na.S h 2CO., 

Sodium Coal Sodium Carbon 

sulphate sulphide dioxide 

Sodium sulphide is produced in the presence 
of the limestone or carbonate of calcium, and 
immediately reacts with this substance. That 
is to say, the metals sodium and calcium change 
places with the formation of sodium carbonate 
and calcium sulphide. 


Na,S t (W), 
Sodium (^ilciiim 

sulphide carbon- 

ate, or 
limestoiK' 


(^aS 

(‘alciuni 

sulphide 

or mat 
ash 


As the operation procc^eds, tln^ l>asly mass or 
black ash begins to get stiffer. In the last 
stages a good deal of carbon monoxide gas is 
given off, which burns, forming blue jets of 
flame. The appearance of these jets is an 
indication of the completion of the process. The 
black mass is removed as a luni]) or ball from the 
furnace. The temperature of the black ash 
furnace will reach 1,()()()° C., and as in the old 
form of furnace the mass had to be well raked 
over by hand the advantage of the revolving 
furnace will be evident. 


Lixiviation of Black Ash. The third 
and last process consists of the st'paration 
of the carbonate of soda from the worthless 
sulphide of calcium. The former is rc'adily 
soluble in water, but the latter is insoluble, 
so that the black ash is lixiviated — that is, ex- 
tracted with water — in tanks, hence the term 
“ tank liquors.” These tanks are usually 
provid(*d with perforated bottoms. The denser 
sodium carbonate solution passes through the 
perforations and is drawui off continuously, 
leaving the calcium sulphide, or “tank waste, ’ 
behind. 8uffl(‘ient water must be led into the 
tanks to keep the ash always covered. It 
is one of the pcculiaiities of chemical changes 
that they are frequently liable to reversion — that 
is, to take place in tin* opposite direction. Tlu* 
agencies which effect a change in chemical 
composition tend to retard this change by 
reversing the process directly one or other con- 
dition of affairs preponderates. To put this 
diagrammatically, the body AB reacts under one 
set of conditions with a body CD to form bodies 
ACJand BD. If, now, we change the conditions, 
AC and BD wull react together again to form the 
original AB and ( ’D. Now, if A i tqu'esents sodium 
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and B sulphur, C calcium, and D tne group 
CO.j, we have a case of reversion before us. 

In the black ash furnace sodium carbonate 
and calcium sulphide are formed ; during lixivia- 
tion there is always a tendency for the sodium 
carbonate to react with the calcium sulphide, 
giving sodium sulphide and calcium carbonate, so 
that it is of importance to conduct the lixiviation 
as rapidly as possible. Nothing conduces to 
this more than a porous ash, and to get the ash 
into this condition the quantities given above of 
limestone and coal dust are used, although they 
arc in excess of what is necessary ^theoretically. 

In practice one half as much limestone and almost 
twice as much coal dust are taken as would be 
required in theory. The coal dust decomposes 
some of the limestone, forming carbon monoxide. 
This is why the blue jets of flame appear at the 
end of the process. The gas, escaping as the ash 
cools, fills it with tiny holes and renders it porous 
CaCO.; -f C - CaO + 2CO 
Limestone Coal Caustic Carbon 
lime monoxide 

At the same time a certain quantity of caustic 
lime ((^aO) is formed uhicb slakes in the presen(‘e 
of water and acts on th(‘ solution of sodium car- 
bonate to form caustic soda. 

(^aO + H.d) -Ca(OH), Na LX) . - (^aCO 
(^austic Wat(‘r Slaked Black ash Calcium 

lime lime or sodium carbonate 

carbonate 

Recarbonation. This caustic soda has to 
be recarbonated by allowing the liquors to 
descend carbonating towers, up which passes 
carbon dioxid(‘ gas from limekilns. At the 
samt‘ time, other impurities such as sodium 
sulphide, silicate and aluminate are decom- 
posed, with the formation of sodium carbonate. 
Th(‘ carbonated “ tank liquor ” is concentrated 
in iron pans wbich are provided with mechanical 
scrapers ; the black salt which separates out 
ttmds to adhere to the sides and bottom of 
the pan. This black ash ” consists of mono- 
hydrated carbonate ot soda (Na^CO 
This after ignition yields the “ anhydrous ” 
(water free) carbonate of soda or soda ash. 
Sometimes the evaporation of the tank lupiors 
IS carried only far enough to bring about the 
separation of crystals, which are then removed 
from ihe mother liquor (red liquor). If the soda 
ash be dissolved in water and a little bleaching 
powder added, traces of iron, etc., will be pre- 
cipitated. Crystals separated from the concim- 
trated liquor yield “ refined alkali ” on ignition. 

Caustic Soda. If, however, caustic soda 
be required, there is no need to reconvert the 
caustic back to carbonate, but the tank liquors 
obtained by treating the black ash with water, 
w'hich may contain as much as 20 per cent, of 
caustic, or the red liquors are diluted and caus- 
ticised by heating in iron vessels with slaked 
lime. The reaction which brings this about 
has already been explained. 

This, again, is a reversible action, and rever- 
sion takes place more and more the greater 
the concentration of the liquor. To get a good 
yield of caustic, the liquor must be dilute, say 
15 deg. Twaddel, or 7‘3 per cent, of soda ash. 


The weak caustic liquor is run off from the de- 
posit of carbonate of calcium and concentrated 
in iron vessels. To complete the destruction of 
traces of sulphate and other impurities from the 
tank liquor, a little nitre is added in the stages 
of concentration. [For further details of caus- 
ticising see Soda Recovery under Papermaking.] 
Recovery of Sulphur. It will be seen 
that in chemical manufacturing operations, the 
by-products are made use of wherever possible. 
Thus, the by-product in the salt-cake process 
is the valuable substance — hydrochloric acid. 

The by-product in the black ash process is of 
very little value, and enormous quantities of it 
accumulate in the neighbourhood of the alkali 
works, where it beconus a nuisance. Many 
attempts have been made to utilise it, and a satis- 
factory process was eventually worked out by 
Chance. In this process carbon dioxide is allowed 
to act on the calcium sulphide, wLich is decom- 
posed with the liberation of sulphuretted hydro- 
gen. The sulphuretted hydrogen is burned 
with a limited supply of oxygen, sufficient only 
to convert the hydrogen into w^ater, while 
the sulphur is deposited as such. Of course, 
the gas can be burned completely with the for- 
mation of w^ater and sulphur dioxide if required for 
i 2Na()H use direc*t in sulphuric acid works. 
Caustic The Ammonia - soda Pro- 
soda cess. We have described the old 
Leblanc process by winch considerable 
quantities of alkali are still manufactured. Were 
it not for the valuable by-produet — hydro- 
chloric acid — formed in this process, it would 
have given place to the ammonia-.soda pro- 
cess even more than it has done. With the 
improvements in electrolytic processes for mak- 
ing chlorine and bleaching liquors, om* of the 
main outlets for hydrochloric acid — namely, the 
production of chlorine — will disappear. There 
is a considerable demand for salt cake and for 
hydrochloric acid (for pickling iron), but to 
all appearances the Leblanc process for working 
up the salt cake is doomed unless greater econo- 
mies should be effected in working. 

The ammonia-soda process possesses several 
advantages : 

1. There are no malodorous by-products 
difficult to dispose of. 

2. Soda ash is obtained directly in solid form. 

3. The products are considerably purer. 
Theory of the Process. It has long 

been known that carbon dioxide gas passed into 
a solution of ammonia in brine brings about the 
precipitation of bicarbonate of .soda, but, as in 
all such cases, there w^ere numerous failures 
when attempts were made to apply this principle 
on a large scale. The problem was eventually 
solved by a Belgian — Solvay — and the process 
is frequently known as “The Solvay Process.” 
On ignition the bicarbonate of soda splits off 
carbon dioxide gas, leav’mg soda ash behind 
2NaHCO;. - Na.CO;; + CO. + H.,0 
Bicarbonate Soda ash Carbon Water 
of soda dioxide 

Theory Applied to Practice. Concen- 
trated brine is saturated with ammonia gas 
obtained from gas liquor [see Coal Tar Products], 
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The carbonic acid gas is obtained in the first 
place from limekilns. The saturated sohititm 
of brine is run into a tank fitted with a false 
bottom, and the liquor saturated with the gas 
[16]. The brine is run into the reservoir, P>, 
with the addition of suffi- 
cient lime to precipitate any 
iron, alumina, etc. The liquid 
then passes to the adjoining 
vessel, the saturator, where it 
is saturated with ammonia gas 
driven in through the pipe, C, 
and, passing to the bottom of 
the vessel, is distributed by the 
perforated false bottom, D. 

In the course of this opera- 
t ion much heat is evolved, and, 
to prevent loss of ammonia, 
uhich is a very volatile sub- 
stance, the tank is provided 
w ith coils of tubing, K, through 
which cold water passes. From 
this tank, the brine, nov satu- 
rated with ammonia, passes to a settling tank, 
and is thence pumped up into cJirbonating 
towers, vhero the liquor is treated with carbon 
dioxide gas, by which bicarbonate of soda is ]>re- 
oipitated |17 and 18]. These are iron towers 
some 50 ft. or GO ft. high, and built m 



li(pior. As it will carry away with it meehanically 
some of the ammonia, sufficient space is left in 
the upper part of the tower for these two to 
combine to form carbonate of ammonia and 
to dcseend into the liquor. In spite of this 
precaution a small quan- 
tity of ammonia will be 
carried away with the excess 
of carbonic acid through F, 
and to effect recovery of this 
valuable substance the gast's 
arc led through two scrubbers, 
the first containing water, 
and the second dilute sul- 
phuric acid. 

The Cycle of Reac- 
tions. It may as well be 
pointed out here that the 
ammonia is the expensive 
ingredient in the process, and 



16. BKINE S ITERATOR VND RESERVOIR USed Up, but Only 

FOR THE \MMO XT V SODA PROCESS pbiys the part of a contact 

substance, means must be de- 
vised, which we shall consider presently, for 
recovering the whole of the ammonia, and using 
it again. The part played by the ammonia in the* 
ammonia -soda ])rocess is similar to that of the 
nitric fum(‘s in the sulphuric acid chamber 
])rocess. The reaction between carbonic acid 
.md the brine, in the presence of ammonia, 
causes the separation of the bicarbonate of soda. 
\V(‘ give a 

diagram- c^s uquop- 5«//v£ vvater 

imitic ri-p- 
7*csentation 




CaCl^-h NH- 


Nq^COj CO 2 


18. DF/IAILs OF 
C\RBONATIXC. TOWER IN 
A>lMONl\-SOD \ PROCESS 

sections, each section form- 
ing a drum G ft. aero^-s and 
lU ft. high. Between each 
section is a plate jirovided 
with a wide opening, and 
resting on this a perfo- 
rated cover full of small 
holes and convex in shap(‘, 
like an inverted wat<‘h- 
glass. The tower is also 
traver.-^ed by a number of 
17. rAKBoxATiNC t«l>(‘^, EE fl8], through 
TOWER IN AMMONIA- ^^}lich col I water flows for 
SODA PR(K r.ss the purpose of keeping 
down the temperature due to the chemical 
reaction taking place. If allow^ed to get too hot, 
considerable loss of ammonia would result. The 
brine enters the tower rather more than half w^ay 
uj) [B, 17]. The branch, C, is merely for the pur- 
pose of equalising the pressure. The carbonic acid 
is pumped in at the bottom, D, and, rising up 
through thf‘ tower, is caught and broken up 
into a number of streams of bubbles by the 
perforated plates, so that a large surface of 
the gas is exposed to the action of the brine 
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of the am- 
m o n i a - 
soda pro- 
cess. Lime- 
stone burnt in kihis yields Hme and carbon 
dioxide. The latter combines with the ammonia 
from gas liquor and salt from brine to form 
ammonium chloride and sodium bicarbonate. 
The ammonium chloride is decomposed by 
the lime (from limestone) giving calcium chloride, 
which goes to waste, and ammonia, which is 
used over again. The sodium bicarbonate is 
Ignited, and yields carbon dioxide for use ovc'i 
again and carbonate of soda. 

The minute crystals of bicarbonate are heave r 
than the liquid, and gradually sink to the bottom 
of the tower, whenec the licpiid is withdrawn 
through H, thick and muddy. This liquor con- 
tains bicarbonate of soda in suspension, also 
some ammonium chloride and excess of sodium 
chloride. The sodium chloride forms a quarter 
ot the total quantity taken — it goes to waste, 
as it does not pay to recover it. This is prefer- 
able to losing more of the ammonia, which wDuld 
be the case if it were attempted to utilise the 
sa It completely. The muddy -looking liquor is put 
through sand filters, where the granular crystals 
are separated, or the separation may be effectc'd 
by a centrifuge. The crystals and mother- 
liquor arc introduced into a rapidly rotating 
sieve. The mother-liquor is driven through the 
sieve by the centrifugal force, but the crystals, 
being too large to pass through the holes, are 
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retained. The crystals of bicarbonate of soda 
are next washed with water. The washings, of 
course, containing much of the bicarbonates, as 
well as traces of salt, ammonium chloride, etc., 
are used over again with the brine. 

Although bicarbonate of soda finds extended 
use as such, nevertheless, for many purposes, 
the carbonate is required. All that is necessary 
to obtain it is to calcine the bicarbonate. Half 
of the carbonic acid is easily driven off, leaving 
a mass of pure carbonate behind, and the carbon 
dioxide may be used again for carbonating the 
ammoniacal brine. Carbonate of soda prepared 
in this manner has one disadvantage over that 
obtained by the Leblanc process. It is specifi- 
cally much light/cr, the density being 0 8, whereas 
the density of the Leblanc product is 1 *2. This 
increased bulk raises the cost of carriage very 
considerably. 

Ammonia Recovery. In order that the 
ammonia-soda process may be worked economi- 
cally, it is absolutely necessary to recover the 
ammonia. The residual mother-liquors from 
which granular crystals of bicarbonate hav(‘ 
been separated contain chloride of ammonia, 
carbonate of ammonia, and a common salt. 
They are introduced into a column, or dephleg- 
mator. This contrivance consists essentially 
of a tall lube or column divided into compart- 
ments not unlike the carbonating tower. It is 
situated over the still in which the liquors are 
heated. The volatile gases, together with steam, 
pass up the column, which is constructed to 
bring them into frequent and close contact, so 
that the less volatile steam has every opportunity 
for condensing and returning to the still, while 
the more volatile ammonia passes over. 

The ammonium carbonate is sulHciently vola- 
tile of itself, but to obtain the ammonia from 
the ammonium chloride lime is added to the 
contents of the still. This reacts in such a 
A\ay as to ])ioducc calcium chloride and free 
ammonia. The residue of calcium chloride in 
the still and excess of salt goes to waste. This 
plant works on thf^ same principle as that wv 
shall shortly describe and illustrate for making 
ammonium sulphate from gas liquors. 

Working Details. Owing to the separa- 
I ion of the crystals of bicarbonate in the towei , 
tb{‘ boles in the plates gradually get clogged, anfl 
every wee/ ten days the tower must be emptied, 
and the b, 'onate washed out by letting in hot 
Avater or steam. In the improved proee.ss this 
is, to a certain (*xtent, got over by using double 
caibonating tOAvers. The first tower is smaller 
than the other, and in it is prepared neutral 
carbonate of ammonia. This may be regarded 

Oie first stage in the chemical changes which 
GO the sodium bicarbonate. It is also 
n which most of the heat is liberated, so 
tower is the one which requires to be 
i-d. 

the second carbonating tower 
ol, as the best temperature 
' e granular bicarbonate 
be higher, too much 
while, if lower, 
um carbonate 


tend to separate out with the sodium bi- 
carl)onate. 

Caustic Soda by Loewig'a Process. 

A new method for the conversion of sodium 
carbonate into caustic soda w'as devised by 
Loewig, and is particularly applicable when 
worked in combination with the ammonia-soda 
process. The carbonate of soda (three tons) is 
intimately mixed with ferric oxide (one ton). 
The latter substance is a common iron ore. The 
mixture is heated to a bright redness in a 
revolving (black ash) furnace, when carbon 
dioxide is given off, and there remains behind 
the caustic soda in combination with iron as 
sodium ferrite. 

The mass can be extracted with cold water 
to remove any impurities, and the remaining 
material is then decomposed with hot water 
(90° C). The action of the hot Avater is to !( - 
convert the iron into oxide, which settles out, 
and to leave the caustic soda in solution. As 
carried out on the lines of the Hewitt-Mond 
patent, some 92 per cent, of the soda is causticised, 
the remaining 8 per cent, being unacted upon. By 
this means the caustic liquor is obtained mueli 
stronger (58° to 62° Tw.) than by the lime process, 
so that a considerable saving is effected in con- 
centrating. As the concentration proceeds, 
the 8 per cent, carbonate which has escaped 
causticising separates out, so that the resulting 
caustic is practically free from carbonate. 
Further, no lime is required, and the product 
is much purer and free from other salts 


H^o 

WATER 
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Carbonate of Soda. We have followed 
out the manufacture of this substance on a largo 
scale by more than one proc-ess, and liaA'c 
familiarised ourselves with the forms in Avhieh 
it appears in commerce. We have explained 
the manufacture of black ash in the Lei)lan(- 
proce.ss, and the soda ash obtained from it. 
We have also seen hoAv soda ash can be obtained 
directly by igniting bicarbonate of soda. 

Soda asli is anhydrous — that is, free from 
water — and contains only a trace of caustic soda 
and other impurities. The best commercial 
varictie.s contain 98 to 99 per cent, of the puic 
substance. 

It has been pointed out that in the Lcblane 
process caustic soda is formed at the same time 
as carbonate of soda. This is no disadvantage 
when required for many purposes, such as soa]>- 
boiling, etc. The caustic i.s not removed, and 
a variety knoAvn as caustic ash, containing 
20 per cent, of caustic soda, is sold. If carbo- 
nate of soda be obtained as eiystals deposited 
from a solution, we obtain soda crystaK 
(Na.jCO^lOH.^O), or common aa ashing soda. On 
account of the large quantity of water present, 
the crystals contain much less soda than the 
soda ash, but they are much purer, and fonii 
the common household soda, AAdiich contains 
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only 37 per cent, of anliydi'ous carbonate of 
.«<oda. Soda crj’stals, as .sold, have been con- 
siderably adulterated of late, and a conviction 
was recently obtained against a trader for selling 
a mixture of crystallised carbonate of soda mixed 
with Glauber's salts (or sulphate of soda) as 
soda crystals. 

Adulteration of Soda. We have already 
made ourselves familiar with the sulphate of 
soda in the form of salt cake, and know 
that this .substance has neither scouring nor 
cleansing properties. It is evident that the 
lady of the house was badly put upon when 
she bought soda crystals adulterated in this 
manner. The case in question was brought 
before the Court of Appeal in November, lb()5, 
and soda crystals have now been definitely 
defined as crystallised carbonate of soda 
(Na^CO dfiHoO). If the soda crystals be pre- 
pared by the Leblanc jn’oeess, it is quite possilile 
that they V ill be contaminated vith a trace of 
the sulphate of soda from which they were 
prepared; but this sliould not exceed 1 per cent., 
or at the most 2 piu' cent. 

To test for the presence of Glauber salts in 
washing soda, a few^ crystals should be cnished 
up ancl treated with dilute hydrochloric acid 
until no more gas is evolved. To some of this 
solution a little barium chloride solution should 
be added, and the liquid warmed, wLen any 
Glauber salts present brings about the formation 
of a white 'weeipitate of barium sulphate. Tbi^ 
precipitat<‘ will be heavy and copious in the cave 
of a really adulterated sample of soda cry.stals. 
Tliere is no excuse for the presence of much 
sulphate of soda in soda crystals, as these two 
substances caimot be made to crystallise together 
without a gi-eat deal of trouble. Under ordinary 
conditions the carbonate cr^’stallises and separates 
out fir.st, excess of sulphate lemaining in solution. 

fiaKing-powder. Besides carbonate of 
soda, we have met with bicarbonate of .soda, 
the main product in the ammonia-soda pro- 
cess. This i.s a white powdery substance, and 
as it contains twdc(‘ av much carbonic acid as 
the normal carbonate of soda, its alkaline 
properties are less marked. We find it in 
most homes, where they call it carbonate of 
soda, and use it for cooking. A little of it 
is often put into the ten])Ot to bring out the 
colour of the tea, with the id(‘a of making the 
tea .stronger, with doubtful advantage. It is 
the main ingi’cdient of most baking -pow^ders, 
as it very easily parts with its carbonic acid, and 
the gas liberated causes the pastry to rise. Many 
baking-powders consi.st of a mixture of bicar- 
bonate of .sock and tartaric acid (or jicid calcium 
phosphate), with the addition of some rice-flour. 
In the course of baking, these two substances 
react together, forming sodium tartrate, and the 
w’hole of the carbonic acid is liberated. 

The best proportions to take are: 1 lb. of 
tartaric acid to 1 lb. 2 oz, of bicarbonate of soda. 
These are the ))roportions in which they react 
together according to the equation : 

2NaH(T), - 

Tartaric Sodium 

acid bicaibonate 
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It is essential that all the materials used 
should be thoroughly dry. They should be finely 
powdered and thoroughly mixed. Baking-powder 
must also be kept in a dry place, as, when wett('d, 
the tw'o substances begin to rt'act with one 
another. This is seen on throwing a little of the 
mixture into water, when a violent effervescence 
takes place. This same principle is made use of 
in the preparation of effervescing salts, sherbet, 
fruit salts, saline, seidlitz powders, etc. 

There is one other carbonate of soda, the so- 
called sesqui carhoiiate, which is prepared by 
mixing solutions of sodium carbonate ancl 
bicarbonate. It contains more soda tlian the 
crystal .soda, and can be u.sed for similar pur- 
poses. Its action is somewiiat milder, owing to 
part of the soda being in the form of ])icarbonat('. 

Caustic Soda. The manufacture of caustic 
.soda, either from carbonate of soda by the 
lime process or by Loewig's proce.ss or elec- 
trically has already been considered. It is often 
cast into sticks, and is very readily soluble 
in water. It exceeds all forms of c.arbonate or 
bicarbonate of soda in its powerful sc'ouring or 
detergent properties — in fact, it is too powerful 
for domestic use, as it attacks and dissolv(‘S many 
sub.stances. A little of the solution between the 
fingers has an extremely soapy feel, and dis- 
soKes the .surface of the skin. It is used in 
large quantities in many industries, particu- 
larly in the manufacture of soap and pap(‘r, 
and in the processes tor the purification of tar 
oils and petroleum. The commt'rcial standard.s 
of .strength for carbonate' and caustic soda are 
.somewhat puzzling. Tims, for instance, .sodium 
ca.rbonate 58 ’i) per cent, will be pure .sodium 
carbonate. Caustic soda of 77 '5 per cent. v;ill b(‘ 
pure' caustic soda. These figures are got at somc- 
A\hat as foIloAAs. 

In both cases for the purpo.scs of reckoning, 
the percentage of oxide of sodium (Na^O) in 
the substance is taken, and as 58*5 per cent, 
of pure oxide of sodium is the^oretically ob- 
tainable from pure sodium e’arbe)nate, it is said 
te> be 58 '5 degives of strength, or 58-5 per cent. 

Ammonia, or Spirits of Hartshorn, 
lly far the most important source of ammonia is 
the- gas liquor Avliich collects in the hydraulic- 
main and .scrubbers of the gasworks. But 
there are, in addition, certain otlu-r sources 
which we shall now enumej'ate. Ammonia salt.s 
are found occurring in a native state — thus, 
ammonium carbonate is found among guano 
deposits, and also exudes from the surface of tlu' 
earth in Tuscany, being contained in the so 
called “suftioni," or volcanic jets of steam, from 
which it is obtaiiu'd as a by-product. 

As nitrogen, one of the elements wliicli go 
make up ammonia, forms four-fifths of the {O-ould 
sphere, it is only natural that many at^’^^p 
should be made to convert this 
ammonia. In spite of the amoiK^ crystals 

voted to this subject, no satis^^on may be effec-ted 
as yet been devis(‘d for ib crystals and mother- 
these lines. How-^ into a rapidly rotating 
new process de-^^r- liquor is driven through the 
of the nitroc’Htrifugal force, but the crystals, 
bide. Cnrgc to pass through the holes, are 


Na.,GAOo -bSHoO + 201)., 
Sodium (krbon 

tartrate dioxide 
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Other Sources of Ammonia. Although 
coal is the chief source of ammonia, it contains 
but little more than 1 per cent, of nitrogen. 
It is, however, the main source of ammonia, 
in spite of the fact that organic waste, 
such as sewage, cor^tains a much larger 
proportion. In Paris, the nitrogen of ^ 
sewage is converted into ammonia com- ^ - 
pounds and used as manure. The formation ^ 
of ammonia is brought about by the putre- 
faction of the sewage. Enoimous sums have 
been wasted in attempts to utilise the 
ammonia in sewage, which for London alone 
would amount to 60,000 tons per annum. The 
road grit, etc., dilutes it so as to make it unsale- 
able, even after filter pressing for the removal of 
the wntor. 

A small quantity of ammonia is also obtained 
by the distillation of animal refuse, such as bones, 
wool, h'ather, etc. The aqueous distillate is 
treated in the same manner as coal-tar liquor. 
Not only in the gasworks, but also in other 
furnaces, such as blast furnaces, gas producers, 
coke ovens, shale distilleries, etc., where coal 
is distilled and heated and the product collected, 
ve obtain liquors practically identical with gas 
liquors from the gasworks, all of which can be 
similarly treated. 

However, by far tin* greatest quantity of 
sulphate of ammonia of commerce is obtained 
from the liquor of the gasworks. More than 
200,000 tons per annum is so produced, of whi(‘h 
the greater pait is ex])orted. This ammonium 
sulphate* is used chiefly as artificial manure [sec 
Manures]. 

How to Treat Gas Liquor. We shall 
now consider the working up of gas liquor for 
the production of ammonia and its salts, 

Tlie ammonia is contained in the gas liquor 
either in the free state or in combination with 
other substances. For practical })urposes, how^- 
ever, it may be regarded as either “ free ” or 
“ bound.’’ These tiTms do not apply in the strict 
chemical sense. The “ free ” ammonia consti- 
tutes the groat bulk, and is driven oil by merely 
heating the liipior. The “ combined, ” or “ bound” 
ammonia is driven off only after the addition of 
lime or other alkali. The volatile ammonia is in 
combination as carbonate, sulphide, hydro- 
sulphide, cyanide, and possibly acetate. The 
combined is present as sulphate, sulphite, thio- 
sulphate, thiocarbonate, chloride, sulphocyanide, 
and teiTocyanid(\ Before treatment it i.s usually 
subjected to an analysis, to determine the pro- 
portion of the ammonia that is “ free,” and 
^wliether that proportion which is combined b(‘ 
^^^h recovery. In many works no attempt is 
I to recover the combined ammonia, and it 
run to w'aste. For many purposes the 
is concentrated. This is carried out 
^ly working evaporating plant, 

' several firms in this country 

ncentrating Gas 

I ^nly one end is 

, and each 

'’dded, as 


shown in section in the diagram [ 19 ]. The gas 
liquor enters at B. We shall imagine the plant 
in action, when the lower half will be filled with 
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liquor right through. Vapour is given off from 
the surface of the liquid in each compartment. 
Take, say, D ’, the vapour passes from here into 
E ‘ , and drives some of the liquor from H , over 
intoDb Thus some of the liquid from D'* has 
passed over into Db In this way the liquor 
gradually passes through the boiler in the direc- 
tion shown by the arrows, leaving the other end 
of the boiler deprived of its ammonia. The 
vapour escaping from is condensed in the 
w'orm K, and the heat liberated gives a prelimi- 
nary heating to the gas liquor as it flows into the 
boiler. This concentrated liquor serves very well 
for the manufacture of soda by the ammonia- 
soda process. It is also used for the manufacture 
of a solution of pure ammonia gas in water. 
Formerly, and sometimes even now, the latter is 
prepared by distilling sulphate of ammonia with 
lime, but it is more frequently worked up from 
the gas liquor. 

The liquor is distilled and the vapour filtered 
through wood charcoal, wdiich retains the 
“ empyrcumatic ” substances which lend to the 
crude ammonia its peculiar colour and odour. 
The gas w^hich first comes over should be collected 
in a separate receptacle, or converted into 
sulphate. There is a great demand for concen- 
trated ammonia liquor for various purposes. 

At the present day the anhydrous liquid 
ammonia is prepared in some quantity, as it is 
used tor refrigerating machines, the evaporation 
of liquid ammonia producing a low degree of cold. 
For the preparation of liquid ammonia, the gas 
is drawn off from the concentrated liquor by 
means of a vacuum pump, well dried, and then 
compressed by another pump into a worm, 
placed in a cooling tank. The liquid ammonia 
condenses and collects in a strong wrought-iron 
cylinder, from whic’h it is drawn off into small 
cylinders [see Food Preservation]. 

Sulphate of Ammonia. This is the 
chief product of the gaswxirks, and mo.st of the 
gas liijuor is worked up for the production of 
this substance Enormous (quantities are pre- 
pared and exported from this country, par- 
ticularly for use as fertiliser [see Manures]. The 
plant employed consists essentially of a still 
for vaporising the ammonia, and a lead-lined 
vessel containing sulphuric acid, into which the 
ammonia gas is conducted. The type of plant 
will be liest understood by reference to the 
diagram [20]. The still itself is built of two 
parts. The upper part, or dephlegraating 
column, is constructed so that the fret* 
ammonia is driven off, while steam is re- 
tain(‘d. As will be seen, it consists of several 
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compartments, leading into one another through 
wide openings. The edge of the opening is pro- 
vided with a ridge, and covertKi with a cap. 
Tlie openings 
are also eon- 
nected with 
one another 
by short 
lengths of 
tube. A pool 
of liquid 
forms at the 
bottom o f 
each com- 
part ment , 
held as it 
were in a 
tray, and 
e V e n t ua lly 
overflows 20. still for PRErABiNo ammonium 
through the sulphate from (jas liquor 
nan’ow tube 

into the compartment below. This causes the 
gas passing up through the central openings to 
bubble through the liquid in the tray under the 
cap, and thus insures thorough contact of the 
liquid and the gas. 

The gas liquor is heated by steam at B by 
passing through a series of jacketed tubes before 
it enters th*e column at C, and during its descent 
through the column it is heated by steam 
entering u,t F. By the time it has reached the 
bottom of the column D, all free ammonia will 
have been driven off. The liquoi’ then runs into 
the vessel E. into which milk of lime is pumped, 
and overflows tlirough a wide central tube into 
the bottom vessel, F, where it trickles over steps 
and finally escapes. The steam driven in heats 
the mixture of milk of lime and liquor containing 
fixed ammonia, so that free ammonia is driven 
off and passes up the column B. The ammonia 
escapes at H, and passes into a bell-shaj>ed 
vessel, I, where, coming into contact with sul- 
phuric acid in the vessel L, it is absorbed vith 
the formation of ammonium sulphate. 

Cas liquor always contains some ammonium 
sulphide and other salts, which arc decomposed, 
forming sulphuretted hydrogen. This and other 
noxious gases collect in the cover, K, and are 
drawTi off and burnt, or otherwise got rid of. 
Ammonium sulphate is the salt of ammonia 
most commonly met with in commerce. It is a 
w'hite crystalline substance, and the ammonia 
it contains is easily driven off by heating wuth 
lime. 

Ammonium Chloride of Sal Am- 
moniac, This substance was formerly pre- 
pared by mixing ammonia with hydrochloric 
acid, but is now got mostly from the sulphate. 

A saturated solution of the latter in w^ater 
is mixed with a strong solution of common 
salt, and on evaporating somewhat and on the 
mixture standing, sodium sulphate separates 
out from the hot liquor, leaving ammonium 
eliloride in solution. Crude ammonium chloride 
is often discoloured by tar and other impurities 
derived from the ammonium sulphate from 
w'hich it is purified by “ sublimation.” That 



is to say, the dry solid is heated in iron pots, 
when it passes into vapour without previously 
melting. The vapours deposit on the cold 
surface of covers placed over the pots and 
form a thick fibrous mass of crystals. 

Ammonium Carbonate or Sal Vol- 
atile. To obtain this material, familiar to 
ladies as “ smelling salts,” ammonium sulphate 
is mixed w ith chalk, and the powdered materials 
heated in retorts, when the carbonate of ammonia 
sublimes over, leaving sulphate of lime. It 
forms a white crystalline ice-like mass. 
(NH4),S0,+ CaCO; -(NH,).,CO, CaSO, 
Sulphate of Carbonate Carbonate Sulphate 

ammonia of calcium of ammonia of lime 
or chalk or sal vola- 
tile 

Chlorine. Enormous quantities of chlorine 
are produced for making chloride of lime, or 
bleaching powder, (^hlorine itself is one of the 
most powerful bleaching agents known, but is 
seldom used in the gaseous form for this purpose'. 
Being a gas it is difficult to manipulate ; nor 
is it soluble enough in w^ater to allow of its use 
in a handy form like a solution of ammonia gas. 
A weak solution of chlorine in water will often 
be found on the laboratory bench, but although 
the bottle is usually pasted over with paper to 
keep out the light, the solution is mostly decom- 
posed in the course of a few weeks. Chlorine 
gas compressed into cylinders has been put 
on the mai'ket, but is not yet in general 
use in this form. As a rule, it is better to 
convert it into some substance such as bleach- 
ing powder, often called ” bleach,” from which 
it is easily liberated when required, while, at 
the same time, it is in a convenient and safe 
form for transport. 

Chlorine itself is a yellow gas which it is 
criflfieult to handle, as there are few substances 
wdiich it does not attack. Its corrosive action 
is astonishing. The source of most chlorine in 
commerce is the hydrochloric acid formed in 
the manufacture of salt cake, and the common 
method for preparing chlorine is to act on the 
higher oxide of a metal called manganese wdth 
the acid. The best material to use is a naturally 
occurring manganese* ore termed “ pyi’olusitc ” 
(MnO.,). 


Chlorine Stills. Stills for preparing 
chlorine are usually made of earthenware [21], 
as this is 

found to ’’0 

t AUD more resist - 

JUL — J ant to tlu* 

j I C action of gas 
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still is placed in a w-v*i into a rapidly rotating 
Where large through the 

made from force, but the crystals. 

The pyr' ' through the holes, are 



ronwisting of a perforated plat<‘, and hydro- 
chloric is run in through an earthenware pipe. 
The gas is let off through another earthen- 
ware pipe, and to avoid the use of cocks, 

which would 
almost cer- 
tainly leak, 
resort is had to 
an ingenious 
device [22]. 
The exit pipe, 
carrying the 
gas, is bent in 
the form of a 
U.” At the 
l)Ottom of this 
is a small hole 
connected by 
a flexible tube 
with a reser- 
voir containing 
water. By 
raising this 
r(‘servoir. the water is led into the bottom 
of the “ U,” effectiv(‘ly sealing the pipe. 
Fig. 23 shows the purification apparatus. 

Manganese Recovery. To wwk the 
j^rocess economically, it is necessary to recover 
lh(‘ manganese. This is carried 
out by the well-knowm “ Weldon 
jirocess.” The manganese con- 
tained in the “ still -liquors ” — that 
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is to say, the liquor.s remaining in the still after 
the chlorine has gone over — contains the manga- 
nese in solution as a chloride (MnCfl.^). The 
])yroIusite, when acted upon by hydrochloric 
acid, gives a chloride (MnC'l^), which breaks 
up thus (MnFl^ - iVinFlj H These two 

chlorides represent the two salts derived from 
the oxid(*h of manganese, of which mangani(‘ 
oxide (MnO.j) is the higher and manganous 
oxide (MnO) the lower. Before the manganes(‘ 
can be used again for liberating chlorine, it 
must be reconverted into a compound of the 
higher series. The still-liquors always contain 
a small quantity of hydrochloric acid remaining 
over from the excess of acid ust'd, and, after 
neutralisation with chalk, tiny are rim into a 
^^mcr or oxidiser, where they are treated with 
of lime, warmed by steam, and acted upon 
of air. The air convei’ts the manga- 
nie higher state of oxidation and it 
‘d in combination with a small 
This lime does not interfere 
manganese for liberating 
>v.a^*id, so that it is 
■fl matter to settle 
"hich consists 
k slime 
nd,” 
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which remains at the bottom may be run direct 
into the stills and treated with more hydro- 
chloric acid. 

Another Chlorine Process. Chlorine 
can also be obtained without using manganese. 
This process, which we owt to Deacon, lielongs 
to that class termed “contact proce.sses,” which, 
as w'c have already seen, includes one of those 
processes for making sulphuric acid. 

Oxygen of the air is made to combine directly 
with the hydrogen of the hydrochloric acid 
to fonn water, setting chlorine free. The con- 
tact substance in this case consists of lumps 
of coke saturated with chloride of copper. 
The mixture of air and hydrochloric acid is 
heated to 4f)0'' 0. More it reaches the “de- 
composers,” the name given to that part of tlu' 
apparatus containing the coke and copper salts. 
This preliminary heating is necessary in order 
that the reaction may take place, in spite of the 
fact that heat is given oul during the operation 
as a result of the chemical changes going on. 
In the manufacture of sulphuric acid by the 
contact process the same sort of thing happeiu. 
When it has been in use for some time the con- 
tact substance loses its activity and has to be 
renewed. 

Bleaching Powder. Whichever w^ay the 
chlorine is prepared, it is usually led direct 
to the bleaching ])()wder chambers. These are 
large leaden f)oxes, as large as dwelling-rooms, 
in which layers of slaked lime are spread upon 
floors made of sandstone slabs, and the lime 
is raked over (turmd) occasionally to expose 
fresh surfaces to the action of the gas. The 
chlorine is absorbed by the lime forming a sub- 
stance commonly known as “ chloride of lime,” 
or bleaching powder. The best lime to use is 
the purest that can be got. It should fall to a 
fine powder on slaking, and leave very little 
residue on a hundred-mesh sieve. Chloride of 
lime is a very mi'-leiading name. We should 
rightly undcrstanil it to mean chloride of calcium 
or calcium chloride (FaCK). When “ chloride' 
of lime,” that is, bleaching powder, is heated 
with an acid (provided it be not too dilute) 
chlorine is given oft : 

Bleaching Hydrochloric Calcium Water Chloruu' 
powder acid chloride 

The lime of bleaching powd(*r is left behind m 
combination with the mineral acid used to de- 
compose it. Chlorine in the form of chloride 
cannot be liberated by treatment w ith acid, and 
is useless for the purpose of bleaching. In this 
form it is termed “fixed" or “bound,” while 
that part of the chlorine which is given off by 
treatment with acid is termed available.” 

Strength of Bleach. A good quality 
chloride of lime should contain 8o per cent, 
of available chlorine. Probably the higlu'st 
strength “bleach” which can Ix^ prepared on 
a commercial scale wdll not contain over 40 per 
cent, ot available chloiine. In a paper recently 
published, Davis states that a bleach was pre- 
pared (39*76 per cent.) in a plant where a drying 

jnni 
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scrubber packed with coke was interposed between 
the lead chamber and the chlorine stills. Mois- 
ture, therefore, interferes >^ith the absorption 
of the gas, but unfortunately in the case just 
mentioned tlie bleach produced was so dry and 
dusty that the men could not handle it, and the 
scrubber had eventually to be removed. After 
its removal, bleacli manufactured in the same 
plant show^ a strength of 36 to 37 per cent., 
and rubbed to putty between the fingers, which 
is one of the rule of thumb tests for good powder. 

The chlorine penetrates w'ith difficulty through 
the layer of lime spread at the bottom of the 
chambers. Before turning or raking over, tlie 
top layer may contain, say, 36 per cent, bleach, 
the middle 12 j>er cent., and the bottom layer ])er- 
haps only 2 per cent. These figures are taken 
from actual experiments recorded by Davis, and 
they illustrate the importance of “turning" 
where it is desired to produce a bleach of high 
strength. 

Constitution of Bleach. If bleaching 
l>owder ^nelds at the most 40 j>er cent, avail- 
able chloride, it is obvious that part of the 
lime remains unacted upon. Bleach of com- 
merce contains, roughly, two molecules of the 
In-pochloride to one of slaked lime — thus, 
2CaOCLCa{OH) wdth a small proportion of 
water. The figures obtained from the high- 
strength bleach mentionid above as containing 
39*76 per cent, available chlorine correspond 
with the font' ula 3(CaOC'l..H .0), Ca(OH)j after 
allowing for a small quantity of inert matter con- 
tained in the original lime. "J’his eorrespondf^ 
to three mok'cule*^ of the hypochlorite to 
one of lim<.‘. Buxton lime i" as good as any 
for making hleacli. It is usual to pass the 
lime through a sieve Indore ^pr(‘ading it on the 
floors of the chamlxus. Sieved lime usually 
contains about 71 per cent, of calcium h 3 "droxjde 
available for ab>oii)tion of the ga-N ; KK> grammes 
should therefore^'ield 172 gramme's of 40 ])er cent, 
bleach, including 0 ]K‘r cent, of inert matter. 
A.s a matter of fact. 180 grammes of 38 j)er cent, 
bleach is the usual jdeld owing to moisture taken 
up during the o|XTation. High stn'ngth bleach 
usnpll^" contains 4 to lo jxr cent, of moisture. 

Hleacliing powder is an almost white powder 
with a damp ap|>carance and feel. It lias a jiecii- 
liar odour, wliich is due to the lilieration of hypo- 
chlorous arid by the carbonic acid from the 
afmo'^jihcK . Hvqxxlilorous acid is a veiy' 
unstable substance, and readily decompose^-, 
yielding <hIorinc. This i^ why strong acids 
always give chlorine with bleaching jiowder ; if 
veiy weak and dilute acids lx* used, hyjio- 
chlorous aeid is obtained. Salts of hypochlorous 
acid, such a.s sodium h>q)ochlorite, are used for 
bleaching, and are obtained el(*ctrolyticully. 

Chlorates. When chlorine gas is passed 
into a hot solution of caustic potash or soda 
the chlorine combine's with the alkali to form 
both chloride and chlorate. Tlie reaction in 
question mav be repr(‘Hented by the chemical 
equation ; 

‘ 6KOH - oKri KCIO ; 3Hd) 
(’austie Potassium Potassium Wafer 
chloride eh Ionite 

\ 


It will be seen that only one-sixth part of the 
chlorine is converted into chlorate, five-sixths 
remaining as the comparatively useless chloride, 
which would have to be worked up to caustic 
before it could be used over again. 

In the preparation of potassium chlorate it is 
possible to avoid the formation of potassium 
chloride by the use of sufficient lime to replace 
the potash. Milk of lime is run into vessels 
provided with agitators, and chlorine gas passed 
in. The chlorine is absorbed with the formation 
of calcium chloride and calcium chlorate. It is 
not advantageous to let the temperature get too 
high. On the other hand, the formation of 
hypochlorite must be avoided. When the satu- 
ration is completed, the liquids arc run into 
“ settling " tanks, and the clear liquid carefully 
tested to see whnt proportion of calcium chlorate 
is present. A sufticioncy of a solution of potas- 
sium chloride is added to react with the calcium 
chlorate, giv'ing calcium chloride, which remains 
in solution, and potassium chlorate — a substance 
soluble with some difficulty, which soparati's 
out. On the other hand, although less soluble 
than calcium chloride, potassium chlorate is 
by no means an insoluble substanci^, so that 
concentration of the liquor is necessary before 
the cry.stRl8 begin to separate. In some of the 
more recent proce.sses lime is replaced by mag- 
nesia, and it is claimed that by its use there is 
less likelihood of loss from chlorate remaining 
dissolved in the liquor. Tlie crude substance has 
to be recrystallLsed to obtain a pure produ(*t. 


Industrial Uses of Chlorate. Potas. 
sium chlorate is largely employed in making 
matelies [see Matches), also for fireworks and 
some descriptions of explosives, although it is 
usuallv found too (‘nergetie for the latter jiurpose. 

It is also used in calico ])rinting and dyeing, and 
in medicine. The qiiantitv* manufactured is not 
ineonsiderahle : several tons an* produced 
annuall}’^ in tliis country. 

Sodium chlorate is of less importance than 
tin* c rresponding potassium salt. Liko most 
sodium salts, it is more soluble in water, which 
makes it l)etter suited for some purjioses. as. for 
instance, in tla* manufacture* of anilim* hhick. 

It cannot be j)repured in the same manner os 
pota.ssium cldorate, as it is not suflieiently 
insoluble to be readilv separated from the 
calcium chloride, it is prepared by a modifica- 
tion of the process wh(‘roby calcium (hlorate is 
decomposed Avith sodium sul]>liatc. and calcium 
sulphate separates out, lc‘aviug th(* sodium 
chlorate in solution. Chlorates arc now prepar(‘d 
eJectrolyticalK'. 

Phosphorus, Phosphoric Acid, and 
Phosphates. We oavc tlie discoA*ery of 'C* 
element to the alchemist Brandt. He oloi n- ' 
in the course ol some experimenls * 

The urine was mixed with sand, c T„,*-quor is pu 
dryness, and strongly ignited. crystal 

Ion)? time even luorc 

radium is t(,-dav. A raiMdly rota.m 

Urino contu:' ‘in'*'" ''‘'oukI, t 

phospho-‘'>ni .tlV'^ntnfugal force, but the ciystal 
pho^''-* through tlu* bokw, a 
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years later, the Swedish chemist Scheele, finding 
that bones contained large quantities of phos- 
phates, made use of them for the preparation of 
phosphorus, and prepared the element in a larger 
quantity. Bone ash is still the >)est raw material 
for making phosphorus, as it consists of very little 
else but phosphate of calcium, 100 parts of bone 
ash containing rather over 1 7 parts of the element. 
There are other compounds of X)hosphoru8 met 
with in commerce and used not so much for the 
preparation of the element but in the manu- 
ia/‘ture of phos})hates for manures, ns examples 
of which substnne(*M w(* may mention the minerals 
apatite (fluoride and ])ho>phate of calcium), phos- 
phorite, etc. We refei' to these again in the 
course on Manures. 

Details of the Process. PhoH]>horic acid 
is prepared from bone ash by converting the 
lime into sulphatf' with sul})hurie acid. The 
o|>eration eanied out in wooden tubs, pro- 
vided witii stirring aj)pljanees. The })hosphates 
of liirn* and wntei* are mixed and then steam 
is blown in through a lead The mtiss is 

ke])t stirred uhil<* furtlier (piantiti<*s of sulphuric 
;i.cid and phosphate ar(‘ add(‘d alternately, until 
the m1io 1(‘ oi lli(‘ eiiarge has been introduced. 
Knough sulphuric acid mu>t be used to deeoni- 
(>os(' the ])ho^plintes. and the reaction will b(‘ 
ia'tter undiustood by glancing at the following 
('({nation : 

2H,,PO, 

( 'aleium pho>])hate Sul])hurie (’aleium Phosphoric 

or Ikuk' ash acid Sulphate acid. 

The phosphoric acid i^ easily soluble in water, 
whereas the sulphate of lime is soluble wuth difii- 
eidty. Se])arati(m eonse([Uent!y eondueted 
l>y tiltration. Tin* ma'>s may lu* filtered through 
aslies distriluited over a layer of clinkers spre,id 
in wooden l)ox(‘s. the clear li(juor flowing away 
through hol("' in the bottom. Fn'sh water is 
add(*d as the lujuor draiu'* away, so as to wash 
(uo tlie phospliorie acid. I’lu* sludge remaining 
behindstill contains some phosphate of lime with 
the sulphate, and may be utilis(‘d as a manure. 
The }»]u>spliorie acid li((Uor is eonetmtrated in 
l(‘(wl lin(‘d tanks. Ju the eouvse of this operation, 
small (|uautiti('s of gvpsum (caleium sulphat(') 
contained in the soliiti(m an' d(‘posit(*d, and tin* 
li(jUor may lie run oli. leaving the solid im- 
]mrities behind. 

Phosphoric acid prep{U-ed in this way contains 
tra-ees of ai soiiie. Bv fui tlu'r ( oneentration. 


crystals of the acid separate on cooling, which 
ai-e extreiiK'ly *• deli(jue.s(ent -that is to .say. 
tlu'y lapidly absorb moisture from the air. Tlii.s 
form of ])hosphorie acid may be n'garded as 
tri„, still containing water in eombinati(Ui, and is 
potash aU’n as orthojthosphorir acid (K.^PO, e(piiva- 
14 to It; (wt^l?fb; ^ H.d>). The sodium phosphate 
of alumina (15 per fi-" disodium ])hos])hate (Xa^. 

Properties strongly heetc'd, the ortho- 
alumina is a white water, .1 is converted 

action to litmus, while 

purple colour. Potash and the ot'uv^ . V i 
iM'l.uve similarly. Sulphate of nluminal.^^ Ti'! 

met with as hard lumps difficult to powxler^. I | 


Manufacture of Phoapborua. To re- 
turn to the manufacture of phosphorus. T\\o 
concentrated solution of phosphoric ac'id, which, 
as we have explained, is the variety known 
Rs orthophosphoric acid, is mixed with roughly 
ground charcoal, coke or sawdust, and the senn- 
solid mass dried in a muffle. This forms tlu' 
raw material ready for distillation. 

A series of fireclay retorts are arranged 
in a furnace with their mouths projecting ; 
a section through a furnace showing four retorts 
is scf'n in 24 -. The retorts usually used. A, arc 

shaped exactly 
like short-necked 
bottles, and are 
placed horizon- 
tally. Tlie ma- 
terial is intro- 

duced into the red 
hot retorts, and a 
bent iron pip(', B. 
luted into tin* 

24 . PflOSPHORl S RETORTS 

IN FURNACE P^F tljp« mtO 

a trough, {\ con- 
taining water, so that when tin* n-torts are at a 
bright red heat, and the phosph(»rus begin.> to 

distil over, the* vapour passes down the pi])es and 
collects in the trough uncl(T the water. The 
elK'inieal reaction which takc's place is brought 
about by the carbon of th(* charcoal or coke, which, 
at till' high temperature employKl, combines with 
th(' oxygen of the phosphoric acid. This latter, 
by the by. is now’ in the form of metaphosphoric 
a<'id, as water w’ill have been driven off from the 
orthopht>sphonc acid in the first stages c>f the 
o|X‘ration. Carbon monoxide and hydrogen gas 
arc given off during tlu' process, .so that the 
ti'oughs are ke])l eov('red, and the gases Jed 
away and burnt. Some bO to 70 per cent, of 
the theoretical yield of phos})horus is obtained. 

Purification and Properties. The erude 
f^lement is discoloured and impure. For the 
purpose of refining, it i^ introduced iiitii lead- 
lint'd i»ots. wheie it is mt'lted under w'ater by 
means of steam, and treated with a mixture of 
bichromate of ])otash and sulphuric acid. TIk' 
mixture is ke^it stirred for two hours, at the end 
of w liich time the liquid phosphorus should be clear 
and transparent . When cold the mass is removed, 
mellid under hot water, and moulded into sticks, 
in which form it eome.^ into commerce. 

Pho.sphorus is extremely intlammable, and must 
be ke])t under water. 1’he surfac(' becomes dis- 
coloured on kee})ing. e^pe('ially if exjwsed to 
light, but v('ry littli' chemical change takes place. 
It is largely used for making matches [see 
Mat ( lies J. Tlun e is another form in which the 
ek'inent occurs known as red pho.'^phorus, on 
account of its colour. This substance, used in 
the manufacture of safety matebes, is obtained 
on tlie commercial scale by heating yellow phos- 
phorus in a covered (a>t -iron pot for some time at 
a temperature of 24(r to ‘250" C. The cover is 
fitted with a short tube to act as a safety valve. 
The liard lumps are ground up with water, and 
boiled with caustic soda, which dissolves small 
qiiantitit's of unconverted yellow phosphorus. 
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The two forms of phosphorus differ from one 
another in a wry striking manner. Red phos- 
phorus in not poisonous, or easily inflammable, 
and is generally inert until strongly heated, when 
it passes l>ack into the yellow variety. 

Alums and Aluminium Sulphate. 
Strictly speaking, wo understand bv alums the 
double salts of certain metals which ciystallise 
with twenty-four molecules of water in the regu- 
lar system.* As a typical example, we may take 
potash alum, whose composition may be repre- 
sented by K0SO4 . AIo(S04)ji . 24HoO; that is 
to say, one molecule each of potassium and 
aluminium sulphates with twenty-four molecules 
of water. For technical purposes w^e need con- 
sider only potash, soda, and ammonia alums, 
although many others have l>een prepared, 
some of which do not even contain aluminium, 
its i»lace l)eing taken by some other metal. As an 
example we cite chromium in chrome alum. 
K..S0,.CV._.(S04);>,.24H._.0. In most rases where 
ilium is used the sulphate of alumina is the 
active ingredient, the sulphate of the alkali metal, 
whether iK)tiussium, sodium, or ammonium, being 
inert. 

Sulphate of Alumina Replaces 
Alum. “ At not a ver^- remote date aluminium 
Milphato was .still regarded as merely a labora- 
tory’ product, and it was only about the year 
1845 — when Pommier, of Paris, commenced to 
prepare it on a proper manufacturing scale — that 
this substance began to be used industrially. 
Difficulties wt*re encountered at the outset, 
consumers liesitating to give up the alum to 
whieli they were accustomed and which they could 
rely on obtaining pure in favour of the amor- 
phous, pasty, deliquescent, acid, and often im- 
pure product forming the aluminium sulphate* 
manufacturtxl at that date. This distrust 
wivs, moreover, heightened in consequence 
of certain mishaps (due to excessive acidity) 
that attendeel the employment of the new 
product as a mordant and in the sizing of paper ; 
l)ut as soon as a method of producing it in 
a neutral condition, and free* from iron, was de- 
vised. aluminium sulphate w as promptly ado})ted 
and substituted for alum in numerous branthes 
of indust: y.*’ (Gesehwind.) 

XowacLiys, manufacturers have put on the 
market pure brands of sulphate of alumina, and 
this substance lias practically replaced the alum 
previously uskI for dyeing, pajiermaking, and 
other purpor»es. 

“ The reason is not far to seek. The various 
application.-^ of alum are bast'd on its content 
of alumina, which is barely 10 to 10 6 per cent., 
whereas aluminium sulphate contains from 14 
to 10 per cent. Given equality of price, it is 
then‘fore more economical to employ the latter, 
which, l)esides being more soluble, is more con- 
venient in ust*. ' (Geschwind.) 

Although the papermaker no longer buys the 
double salt, but sulphate of alumina instead, 
he still calls it “ alum,’* and it is commonly re- 
ferred to as such. 

The “Alumen” of the Ancients, 

* In ancient times the efflorcscenco of certain 
rocks supplied the Greeks, Romans, and Egyp- 

4780 


tians with a product know’n by the name of 
‘ ahimen,* largely employed in medicine, dyeing, 
tanning, etc. According to Dioscorides and 
Pliny, several species of this product were known, 
some of tliem perfectly white, others more or 
less coloured, and all possessing a styptic 
flavour. They were all more or less complex 
mixtures of aluminium sulphate and iron 
sulphate, and the term alumen (from which 
the word alum is derived) had in those days 
a much wider significance than now.” (Gcsch- 
w’ind.) 

Natural Sources. Natural alums are 
found in small quantities in a very pure con- 
dition, but for its manufacture on a large scale 
W’c are dependent on certain products, such as 
alunite, or alumstone, a natural potash alum 
found in Italy and Hungary, and alum shale, 
which W’as the chief source in this country. 
These shales vary a good deal in composition, 
but may be broadly regarded as composed of 
aluminium silicate, iron pyrites, and bituminous 
subst^inces. A good deal was obtained from 
de]H)sita underlying the coal seams in South 
Liineashiro ; it W’os made into heaps (Spence’s 
process) and burnt, the bituminous substances 
contained in it supplying most of the fuel. 
After a few' days, w’hen the heaps had burnt out, 
the alumina w'as extracted from the mass w-itli 
sulphuric acid. The chief raw’ materials arc, 
however, the alunite, already mentioned, and 
bauxite, an impure alumina from w'hich 
I2,(KK) to 14,000 tons of aluminium sulphate are 
now' produced annually in France. 

Manufacture from Bauxite. In one 
process the bauxite is mixed with carbonate 
of soda and heated in a r(‘verb(‘rHtorv furnace 
for live hours. On lixivialion, (he sodium alumi- 
nate Is extracted. This operation is carried 
out .systematically so as to heat the fre.sh m(*ll 
with w’cak liquors from the previous one. The 
li(|Uors are then nm into a boiler, provided with 
an agitator and falst^ l)ottom, lK*neath which enter 
pi|)es for steam and carbon dioxide gas In this 
Wtiy the alumina i.s precipitaU'd as hydroxide, 
which, on dissolving in sulphuric acid, produces 
a very high class sulphate. 

A modilieation of this process, miginated by 
Baeyer, considerably reduces the cost in treatment. 
This method is l)as(*d on the di.seovery that Avhen 
a solution of sodium ahuninate is agit^ited with 
a .small quantity of freshly preei{)itnted aluminium 
hydroxide the precipitate of alumina goes on 
incjcasing, and at the end of a certain time only 
a small proportion Ls left in solution. 

A More Direct Process. Bauxite, how- 
ever, contains alumina in a form in which it 


is directly nested on by acid, so that the \\x 

faeture of a crude sulphate on these Jh^or is pu 

comparatively simple matter. IJL'Jitav erysta 
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mill will be found in the Paints and Polishes 
course, and of the millstone under Cement. 
Tn these sections also appear descriptions of 
other grinding plant suitable for treating hard 
materials such as we are now considering. 

The treatment with acid is conducted in wooden 
vats [26] lined with sheet lead and heated w'ith 
live steam by a pipe, A. A cuiTont of air from 
pipe B is passed 
through to keep the 
mineral in suspension 
by constant agita- 
tion. Thcbase, (^on 
which the air and 
steam currents pro- 
ject, is protected with 
a lay(5r of pumice. 

The operation takes 

seven or eight liours. |_j-n i 

and after allowing to j. 

settle, the clear ^ ^ 

liquor is run off. 

This first treatment ^ 

is made with weak 

liquors from the pre- 25. cylindric al vat for 
vious operation, after rREi*ARiN(! sulphate of 
which the solid resi- ammonia 

due is subjected to a 

second treatment, using fresh sulphuric acid. The 
liquors are concentrated in leaden vats and run 
out into shallow trays, w here they cool and solidify 

Purification. 'J’he crude .sulphate i.s oft(*n 
treated to remove the iron, which is the most 
objectionable impurity it contains. It is pos- 
sible* to remove a great deal from the original 
bauxite ) a preliminary treatment with a weak 
acid, suo as oxalic acid ; but, as a rule, the crude 
sul])hato uors are treat(‘d either with potassium 
f(‘rrocyar.- Je or lead dioxide. In the former case 
a hot solution of the ferrocyaniae (yellow 
prussiate) is added until no fiuthcr precipitate 
of Prussian blue is formed, 'fhe clear ii(|uor 
is decanted, and tlie blue — which, however, is 
of inferior quality — can also bt* utilised. In 
the second case a paste of lead dioxide is added 
to th(’ cold liquors wlien the iron is thrown out in 
the* form ot a reddish-browm precipitate (iron 
plumbate). This second process is not adapted 
(o a sulphate containing .free acid, as it would 
attack and destroy part of the lead peroxide. 
Tlii^ is r(*adily recovered for using over again 
by dissolving (uit the iron with a carefully 
adjusted proportion of acitl. The otlier raw 
material, alunite, whicli is used on a large 
scale in the manufacture of •alum, has tir'^t to be 
loasted in reverbei atory furnaces before attack- 
ing Avith mineral acid. As it contains a quantity 
of ])otassium sulphate, it yields by judicious 
treatment, not only sulphate of alumina, but also 
potash alum. A ton of alunite w'ill furnish 
14 to 1() cAvt. of alum and 2 cAvt. of sulphate 
of alumina (15 per cent. Al.^O.;). 

Properties and Uses. Sulphate of 
alumina is a w'hite substance with an acid re- 
action to litmus, Avhile it turn.s congo red a 
])urple colour. Potash and the other alkali alums 
tnaiave similarly. Sulphate of alumina is usually 
met with as Iiard lumps difiicult to powder and 


readily soluble in water. A strong solution 
forms crystals, if given time enough, eontaining 
an amount of water approximating to the for- 
mula Al.^(S0^).jl8H^(). Free acid and iron arc 
the impurities for which the analyst must be 
on the look-out. The latter is easily detected, 
(*ven when present in mere traces, by the forma- 
tion of a blue colour with potassium ferrocyanide. 
The detection of free a<;id is a very difficult 
matter if it he present in small quantities only. 

Uses for Alum and Sulphate of 
Alumina. Both are I’sed as mordants in 
dyeing cotton, wool, and silk. Aluminium 
acetate prepared from 4he sulphate Ls even 
preferred. Sulphate of alumina is used larg(*ly 
in the preparation of lake pigments [sec Paints 
and Polishes], for “ tawing leather,” for pre- 
ci[)itating resin siyc in papermaking, for harden- 
ing plaster, slowing the set of cement, and to a 
larg(‘ extent for the purification of Avator and 
effluents, as so-called aluminaferric. 

Organic Acids, lender this heading we 
shall discuss throe or four of the more common 
o- ganic acids. Avhich arc used either in industries 
or for human consumption in such quantities 
as to necessitate their manufacture on a com- 
in(‘rcial scale. 

Oxalic Acid. This twid is a poisonous sub- 
stance AA'hich is met with in small quantities in 
sncli common plants as sorrel and rhubarb. 

Pine saAvdust, or saAvdust from other soft wood, 
is mixed Avith caustic alkali and heated. It may. 
in some cases, lx* AA'orth wffiile to purify the w’ood 
by first extracting the resin. The solution of 
caustic alkali or alkaline lye is a mixture ot 
causti(‘ soda and caustic potasli. The student 
has l(‘arnt that caustic soda and caustic potash 
resemble one another very closely, and in all 
ordinaiy chemical actions they may replace 
one another. In manufaeturing operations, 
caustic soda is preferred as being cheaper ; 
but the manufacture of oxalic acid is an ex- 
ception to the general rule, and it makes a great 
deal (4 difference whether caustic soda or caustic 
potash is used for decomposing the Avood. 

Caustic soda by itself produces little or no 
oxalic acid. Avhilc caustic potash gives the 
maximum yield. C'hemists ha\ e, hoAvever, found 
that mixtures of caustic potash and caustic 
soda in certain proportions (Avhich, of course, 
Avill he cheaiiev than pure caustic potfush), may 
he used instead of the latter substance with 
equally good results. It is not possible to 
stat<‘ here the best proportions to take, as that 
Avill depend upon hoAV tlie process is carried out ; 
.some makers use nune caustic potash, others 
more caustic soda. 

\\’<‘ may instance one process wiiore three 
]).irts of ■|)otash are used to two parts ot soda 
and a solution of sp. gr. l-.So prepared from 
th<* mixture. SaAvdust and alkaline lye are 
intimately mixed ; one part of saAvdust to three 
parts of solid alkali. The mixture is spread 
on an iron plate and heated from beneath. 
A good deal of gas is gi\"en oft’, the mass swelling 
up. The gases are mostly composed of hydrogen 
and liydrocarbons. The heating is continued 
for six hours or so, A\']ien a whitish mass remains 
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behind. The temperature in the furnace is 
not allowed to rise above 250° C. The mass, 
which now contains about 2 Cr per cent, of dry 
anhydrous oxalic acid, is treated uith a small 
quantity of water which dissolves most of the 
unchanged alkali, leaving the less soluble sodium 
oxalate behind. This latter is dissolved in 
water and the solution boiled with lime, when 
the oxalic acid, in the form of calcium oxalate, 
a very insoluble substance, remains and can h*^ 
washed with water. This ])urified calcium 
oxalate is decomposed with sulphuric acid in 
lead-lined vats fitted with “ agitators,'’ wiicn 
a reaction takes place with the foiination of 
calcium sulphate and the liberation of oxalic 
acid, which remains in solution and is filtered off. 
Concentration of the solution causes the separa- 
tion of crystals of oxalic acid in combination 
Avith tw^o molecules of w ater, C 0 H 0 O 42 H 0 O. 

Potassium oxalates, known as salts of sorrel 
or salts of lemon, are used in photogra])hy, as, 
for instance, in the platinot>q)e process. 'I’lu'V 
are also used for removing ink-stains and iron- 
mould. Calcium oxalate is the form in which 
oxalic acid is usually met with in nature. Cerium 
oxalate is sometimes administer<*d in cases ol 
sicloiess. 

Tartaric Acids. The student who first 
comes across the tartaric acids is liable to get 
confused Ix'tw’CLn the different varieties. There 
are soAnral acids, all of which have tin* 
same coni'|)osition. We may refer to tin* Pure 
Chomistr}^ section for an explanation of this riddle. 
Common tartaric acid, or, correctly sjjeaking, 
dextro -tartaric acid, is obtained from a dc'posit 
fonning a crystalline crust at the bottom ot tJie 
vats in which grajH' juice ferments, Jt is, then*- 
fore, a by-product in the w ine iiiduslry. (lra]K‘s 
and most other fruits contain tartaric acid as 
a ])Otassiuin salt, and the eryslalline deposit, 
known as a?goh is also a ])Otassiam salt. 
Vrgol is, stiictly speaking, im})iire acid potas- 
sium tartrate. We have already met with this 
.substance in the form of a precipitate fonned 
on testing for potassium with sodium hitar- 
trate, as it is one of the Aciy tc“\v f)otas.sium 
saltH W'hich are not readily soluble in water. 
Argol is re(;rystalh.sed and gives tartar, and 
tartar similarly jdelds cream of t.irtar. These 
names, therefore, stand for the same substance 
in different degrees of purit}^. 

To obtain the acid from the tartar it is added 
to boiling wuiter to w^hich lime or chalk is added ; 
a dense insoluble precipitate of calcium tartrate 
settles to the bottom, and requires only to 
be decomposed with sulphuric acid to yield 
insoluble calcium sulphate and tartaric acid, 
Avhieh remains in solution. It will be seen 
that the method by which tartaric acid is 
prepared from tartar is analogous to tlie jnepara- 
tion of oxalic acid from crude sodium oxalate. 

Tartaric acid may contain traces of lead from 
the lead vats or from the sulphuric acid, and as 
it is used largely for human consumption, care 
should be taken to test for lead, and see that 
none is there. It is used in eonj unction with 
carbonate of soda for making baking-powder 
Alkalis concluded ; foUowei 


and effervescent drinks. It is also used, like 
oxalic acid, by the dyer and calico printer. 

We have already dealt with acid potassium 
tartrate, otherwriae knowm as potassium bi- 
tartrate, in the form of tartar, cream of tartar, 
and argol. Like tartaric acid, it is much us(‘d 
for effervescent drinks and also in the dyeing 
industry. Rochelle salt or potassium sodium 
tartrate is used medicinally as an aperient. 
It is formed in the reaction between sodium 
carbonate and cream of tartar in seidlitz po waders. 

Citric Acid. This acid occurs naturally 
in lemon juice and is prepared from lemons on 
a large scale. lemons an* best used in Novem- 
ber, w^hen they contain a maximum amount of 
the a(‘id. The juice is either expressed from 
the fruit in Sicily (Sicilian juice), or from fruit 
imported into England (English juice). Tlu* 
latter is a better class of material, and is mor(* 
nearly fn'C from oth(*r organic acids. 

The preparation of pure acid from the juice 
follows the same lin(*s as the formation of 
oxalic and tartaric acids. That is to say, calcium 
salt is first prepared by treating the juice with 
whiting (ealcium carbonate) ; calcium citrate 
is precipitated, Avliile malic acid and otlu^r 
impurities remain dissolved. The calcium citrat v 
is decomposed with sulphuric acid, yielding 
calcium sulphate — Avhicli is filtered off — and a 
solution of citric acid. On concentrating tin* 
acid liquors, crystals separate out. 

The crystallis('d acid of commerce contains 
one niolcciilo of wat(‘r. It is very soluhlt*, 
dissolving in about half its w'eight of water wlien 
l>oiling. It is used for the same purpose as 
tai'taric acid, particularly ))y calico-print (ts 
and in the manufacture ot a(‘Tated waiters. We 
ne('d not trouble about tlu salts. 

Lactic Acids. These arc puzzling sul)- 
stanees, related to one another much in tlu- 
same manner as the tartaric a ids, and similarly' 
const itut(‘d. 

The common acid is form(‘d in small quantitii's 
A\hen milk goes sour ; but for comuuacial 
pu 7 ])oses it is obtained from sugar. ' 1 ’Ik solu- 
tion of sugar is allow^ed to ferment, not in tho 
ordinary manner, but under tlie influence 
of a curious growlh found in stale cheese*. In 
order that this ferment may grow hcathily, a 
little food in the shape of tartaric acid and milk 
is added. It is a curious fact that the lactic 
acid, as soon as formed, tends to destroy tlie 
activity of the* ferment, so that it is necessary 
to neutralise* tlie* acid as last as it is produceei. 
For this purpeise a c{uaniity of chalk is added 
te) the liepiid eejual to half the weight of the* 
sugar it contains, and in the course of a Aveek 
or so the whole settles to a semi-solid mass ot 
calcium lactate. Instead of chalk, zinc w^hite* 
(carbonate of zinc) may be used, in which case* 
zinc lactate is fonned. Calcium lactate is 
decomposed Avith sulphuric acid and the liquor 
concentrated. It comes into the market in this 
form, as it is very difficult indeed to got it inte> 
a crystalline state. Lactic acid and some of 
its salts are used for pharmaceutical purpose 
by Oils, Fats, and Soaps 
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'T'HE saddlery and liarnoss-niakitig trade has 
^ not yet been absorlx'd into the factory 
system. In large centres, such as London. 
(Jlasgow, Walsall, and Birmingham, the factory 
systi'in prevails ; but even these factories are not 
so independent of the craftsman as the weaving 
factory or the s])inning mill. U'hcy are rather 
like big worksho})s, in which the workmen are 
well supplied with mechanical tools, set to 
perform each one a jiart of the manufacturing 
proc(‘ss. Th(‘ greater part of the trade is 
carried on in workshops em])loying from thret* 
to twenty men, where the goods are mostly made 
l)y hand, assisted by machine tools for cutting, 
aiul by sewing machines. For that reason we 
propose to deal with tin* trade from a crafts- 
man’s point of view. 

Groups of Tools. Our tools are numerous, 
an<l, if looked at in the mass, ajipear formidable 
to the learner. For coiiV(‘nience, we shall group 
the tools and ajipliances under different heads, 
as follows: (1) kni\es and cutting tools; (2) 
punches and stamping machines ; (3) sewMiig 

ajipliances ; (4) grippers, holders, and miscel- 

laneous tools. 

Knives and Cutting Machines. Ado])t- 
ing the natural ])rinci})le of proceeding from the 
simplt* to the complex, we take up the kniv( 
first. The* hand knife and the paring knife ar(‘ 
constantly in use. The former has a straight, 
narrow blade, and the latter is broad-bladed, with 
a straight edge. Shajied like a half-moon, the 
round knife lends itself to splicing, shaping, and 
line work. The head knife has a jiointed bt‘ak 
and round head, making it a good tool for cuttinir 
holes or round pieces out of leather on the 
working bench. 

Plough Gauge. Tlu* first ajiproach to 
machinery in the saddlery trade* w as the cutting 

p 1 o u g h 
gauge. Be- 
f o r e this 
carnt* into use 
strg ps were 
cut laboi- 
iously by use 
of comj)asses 
and knife*. 
The blade of 
the plough 
is fixed ki a 
frame which 
slides along a 
m a r k e d 
gauge, screw s 
holding the 
gauge to the 
1. RELT-s ’LiciNO AisD LEATHER- breadth re- 
SPLITTINO MACHINE quircd. 



SpoKeshave. Next we get the spoke- 
shave, a two-handed te^iol with a cutting blade in 
the centre. With this tool any gradation of 
skive or paring can be cut away 

Splitter. Devised for a similar purpose, 
but fietter suited for a large numbcT of straps of 
the same kind, is the splitting machine (1], which 
bears some resemblance to a stamping machine. 

Edge»trimmer. The edge-trimmer is a 
tw'o-pronged fork, and, as the name impli(‘s, is 
used for trimming edges. Circular pieces ari* 
accurately rounded by the w^asher cutter, which 
slides on a marked gauge, supported by a centre 
pin. 

Strap-cutter. Midw^ay Ix'tw^een knives and 
stampers are the many cutting machines placed 
at the service of the trade. Suitable for either 
the workshop or the factory is the strap-cutting 
machine, with rollers encircled with knives, set 
to any breadth of strap. On top is a setting 
wheel, and at the side is the handle, which may 
be (lisj)laced by a driving wheel for powder. 

Leather - splitting Machine. Similar 
is the leather-splitting machine [see page 3105]. 
wath cornigated feed rollers and straight cutting 
blade, which reduces to uniform thickness any 
kind of hide. Splicing or scarfing machines an* 
used to suit all classes of trade, the principle of 
most of Them being a stinted knife, geared to 
play upon a movable fei'd, adjustable to any 
dt*pth of slice. 

Cutting Presses. Of cutting presses there 
is a wide variety, ranging from the small tty 
press 1 2], closely resembling a die-stamping 
})ress, to the huge guillotine presses, that cut 
saddle- backs, skirts, or horse-collars at a single 
stroke. 

Punches and Stamping Machines. A 

punching kit 
comprises a 
good mallet, a 
lead p’ n'-hing 
block, and six 
eiwh of round 
a n d o V a 1 
striking 
[Minches, the 
sizes rangin’^ 
from m(‘(lium 
small to me- 
dium large in 
both c a s (* s . 
l)itf(‘rent in 
nothing but 
the kind of 
mark they 
make are the 
scalloping 

irons, as they 2. foot press 
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are called, with which we please the artistic 
fancy of the young horseman in shaping for his 
steed rosettes and scalloped shapes. A hand 
punch is indispensable and a set of three or four 
needles to 
put into it, 
carrying 
the size of 
hole from 
the .smallest 
.striking 
punch to a 
pin ix)int. 

PricK* 
ers and 
Greasers. 

Pricking 
irons, some 
straight, 
o t h e r s 
wheels, lilce 
spurroweN, 
are neces- 
s a r y 1 o 
mark out 
the path of 
the hand 
s t i t e ii - 

ing. The screw race outs a channel to hide the 
stitching. Another curious tool is the eurv(‘d 
l)in with the beak, which mc call the single 
crease. This is needed as a marker in places 
wIktc either the vompasses or the screw crease 
cannot go. Screu creases, one light and one 
heavy, are alway.s provided to mark the lines of 
stitcliing on belts, or to make line lines along the 
sid(‘s. 

Checkers and Bevel lers, C'heckiu'.s and 
hevellers are irons for purpo'^es similar, tlu' 
latter being used ehietly in a heated stale to 
make ornaments on loops. Compasses, as 
everybody know.s, are t\\o-legged tools used to 
measure and mark distances, and are tb(‘refore 
equipped with screw and gauge to give m‘euraoy 
to the work. 

Punches. Mechanical punches are in e\ery 
trade, and need no de>oription ; a nice little oiu* 
covering the round numhors up to ten, and the 
ova! holes up to twenty-five, is very generally 
ii«ed. 

Waslier-eiitting machines have eoiiK* into 
factory use. though they are needed only vhere 
a trade with the water-engineer is cultivated. 
The cutting press is better for our work. 

Stitch»pricker. Very useful is the stitch- 
pricking machine, the mechanical ly-dri\ eii spindle 
taking on prick wheels of any size, and rumiing 
above a liolder which curves or straightens tlie 
work as required, marking the stitches for 
the needle with an accuracy no hand could 
equal. 

Creasing Machines. Sinijile as it appears 
when done by the hand, creasing work presented 
serious difficulties to the mechanical inventor. 
Lately, however, several good creasing machine.s 
have eom<‘ on the market [3 and 4]. The 
belt or H.i]) to be creased is run through a guide 


a corrugated roller, wliile the creasing irons, 
hot or cold, arc held in the adjustable arm 
above. 

Sewing Appliances. The saddler uses 
awls like the shoemtiker, and needles like the 
tailor, but with variations which con best bo 
understood in the actual working. The seat 
awls are square-bladed and straight-pointed ; 
stitching awls arc curved ; and sowing awls arc 
roimd and straight. Our needles have curved 
blades hollowed up to the middle, with wid/j 
eyes. Before beginning to stitch, the saddler 
or harness-maker arms his palm with an iron 
protector, called the hand-iron, honeycombed so 
as to grip the needle head. These protectors 
save the liand and at the same time add 
to the purchase of the sewer’s thrust on the 
needle. 

Sewing Machines. While the sewing- 
machine makcTs wore looking around for 
more worlds to conquer, it was inevitable that 
th(' saddlery and harness-making trade should 
receive attention. At first the sewing machine 
was decisively relegated to tlie lightest work, 
the severe strains to bo borne by most belts 
and traces lx ing quite under-estimated by the 
makers. Of late years we have been able to 
welcome a number of macdiines which produce 
Mork equal in strength to the best hand work. 
Saddles and other parts of the horse’s equipment 
cannot be made by mechanical means, but belts, 
bridles, bands, and traces ai’c now made in 
the factory by sewing machines. 

Miscellaneous Tools. Pincers, nippers, 
and ])liers are needed for pulling out nails, 
sti etching the leather over points, and other 
purpo>es. To hold the scam while being hand- 

sevTi ve 
have the 
clamps, 
jaws of bent 
wood, held to- 
gether at iJie 
bottom by a 
straight block, 
and forming a 
curved jaw at 
the top. TJu‘, 
tool is old and 
fi n e J y c o n - 
eeived. 

Stuffing 
Rods. These 
arc required for 
filling evenly 
the saddle pads 
and collars. 
Some are 
merely sticks 
with a ni(;k in 
the end ; others 
are bent steel 
rods, like large awls. With these the flock, horse- 
hair, or straw is put into the various pads. 

].oop sticks, burnishers, loop-forming machines 
and dies, trimming and burnishing machines, 
with hammers and mallets, complete the outfit. 
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has a musical ear will naturally be puzzled 
to know why he should be taught that a sound 
representing some other note should be called O. 
Before he ai^es that the musical system of 
transposing instruments is \sTong, he should 
remember that, even as nations are ruled by 
expediences, so have military instrument players 
found it desirable to sacrifice calling the notes 
by their correct names for the sake of being able 
to finger every instrument in the clarionet 
family in a uniform manner. Thus, no matter 
how long or how short is the tube employed, it 
has been found far easier to adopt a compromise, 
so that, the music played makes the same 
impression on the eye, although the effect is 
different to the ear. 

The reason why an orchestral clarionet player 
works with two, and sometimes three, instru- 
ments is because certain series of sounds are 
easier to play on an A than on a Bb or a 
(miiig to the acoustical divisions of each tube 
]>roducing the natural harmonics peculiar to 
them. So the C clarionet is. generally speaking, 
l>est suited for the natural key, the B clarionet 
for flat keys, and the A clarionet for sharp keys. 
The longest of Ex. 2. 
these is the A. 

It is so called 
Ijecause when 
it plays the note 
written on 
the third space 
treble clef, the 
actual sound 
pixxluoed is A 
belou. 

The instru- 
ment of medium 
length is called 
because 
when f ' is 
played the actual sound produced is B7. The 
shortest of the trio alone gives the actual as it 
IS vTitten. At one time all clarionets viire 
pitched in C, but the better quality of tone 
produced by lengthening the tul>e led to com- 
jKjsers employing the latter, and transposing 
the parts in the score so as to save the bands- 
man being confused in any way. Because of 
the less satisfactory timbre of tbe C, this instru- 
ment is to-day least used of all members of the 
family, save by amateurs -who like to try over solos 
with piano accompaniment. To get the utmost 
brilliancy, military instrument makers, by con- 
siderably shortening the column of air of the 

tulie, produced the smallest instrument. Eh. 
This is so called because when the C, third space 
treble clef, is played the sound actually pro- 
duced is the Eb above. Thus, the El? instru- 
ment sounds a minor third higher than the notes 
written in the band parts, whilst at the same 
time the A clarionet may be sounding the same 
written notes a minor third lower than they 
appear to the eye. The mechanism being the 
same on all four instruments, the question is, 
Which is the easiest to begin with ? A young 
lad m the Army, as noted, is generally put to the 
E!7 ; but a man is recommended to begin with 
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the A clarionet, because the greater length of its 
tube renders easier the production of the tone 
throughout the compass. Try Ex. 1, keeping 
strict time. 

The Embouchure. Much depends, in 
good clarionet playing, on Mhat is called the 
“ embouchure ” — the mouthpiece of the instru- 
ment. The latter being continually between the 
lips and teeth of the player, the word has come 
to denote the arrangement of the lips, tongue, 
and so forth, in the production of tone. It is 
important to note that blowing out the cheeks 
does not augment the force of the sounds. 
The ancient Roman trumpeters used to bind 
the faces of their pupils to prevent this, and 
Alcibiades consideroii that, in flute playing, it 
detracted from the charm of the music. Take 
every opportunity to watch and get hints from 
good clarionet players in military bands. There 
is no reason why the charm of the tone should 
be destroyed by facial contortion. Do not bite 
the mouthpiece with the teeth. Hold it by a 
gentle pressure of both lips, so that the reed 
may vil^ate freely. If the mouthpiece is com- 
pressed too tightly, the reed has not free play. 


the tone produced is })oor, and the lip.s soon 
become fatigued. To produce the sound required, 
the tongue sends the necessary air into the 
instrument by a short, sharp stroke. This 
forces a sufficient quantity of breath into the 
tube to make the requisite sounds. Once the 
musical vibration is produced, it must be sus- 
tained without increasing or diminishing th(* 
force of the blowing. 

As regards tone -quality, what is wanted is 
a combination of sweetness and brilliancy in 
effeci. The student should stiive to get a soft 
and full soimd before increiising its power or 
intensity. Try to avoid a harsh and screaming 
quality. When once a harsh tone has become 
habitual, the player is seldom able to get any- 
tbing else. Rather than force the tone of the 
reed unnecessarily, some players twist round the 
mouthpiece and play with the reed uppennost. 
But, for practice and for solo work, it is l)eiteT to 
play with the reed on the low^r lip, as tlie tone 
is then softer and more agreeable. 

The Registers. Although the intensity 
of the sound is affected by the degree of the force 
of breath, the pitch of each note is influenced 
in the same manner, for it will be found that, 
when sustaining a low note, if it is blown beyond 
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a certain point the tone will jump off and 
elicit quite another sound. This brings us to 
the consideration in the clarionet of what 
players call the “ registers.” Berlioz and 
Prout divide these into fmtr : the low, or grave : 
the Chalumeau, or medium ; the acute ; and 
the high, ranging respectively from E below 
third iSiger line, to E, first line ; F, first space, 
to B !? above ; B t| to C, second ledger line above ; 
and D to D, on the sixth ledger line. But certain 
German players divide the tone into three 
registers. The first they call the Chalumeau, 
giving the notes deepest in pitch. This extends 
from E Mow third ledger line under treble staff, 
to B 1? on the third line. The second register, 
or medium, produced by greater pressure on 
the reed, extends from B, third line treble clef, 
to Db over second ledger line above treble 
staff. 

Finally, the highest register, known as the 
Upper, and least satisfactory on account of its 
shrieking qualities when indifferently played, 
extends from on second ledger line above 
treble staff, to C over fifth ledger line, nearly 
an octave above. 

2nd and 3rd Sounds, Having mastered 
Ex. 1, proceed to get the tone above the G. 
Control the lower joint of the instrument by the 
right hand, as described, and the middle joint by 
the left hand. With the first left finger, ot^en the 
A key. In touching it, the forefinger reac'hes 
the key by a slight turn. As the wood has been 
hollowed out to rt'ceive the key, the latter has 
not far to go. Manipulation, therefore, should 
be done delicately. The touch of the fingers 
should always be light and almost soft. There 
is no necessity to raise any finger high wh'^n 
playing. After getting the A clearly and 
pra<*tising it like the G, combine it with the latter 
note, as in Ex. 2. 

Further liehlnd the instrument, to the top, will 
l)e found the B b key. Place down on this the 
left thumb. This will produce the semitone 
above A. If he wfishes to check the correct- 
ness of his sounds at a piano keyboard, lie 
must remember, if using an A clarionet, that 
every note in the music should he read on the 
})iano a minor third lower. Thus, with all the 
fingers off, the actual sound is E. With the A 
key pressed down, the real tone is F J, Now' 
that the Bb key is brought into requisition, the 
result is G. Try these three notes in succession, 
till they are produced correctly and in good 
time, without hurrying [Ex. 3]. This study in 
G minor should be played smoothly. Do not 
leave any perceptible gaps between successive 
sounds, especially where the notes are connected 
by a slur. Do not sound the notes in the first 
two baro spasmodically, but let the intensity of 
the breath form a true crescendo and diminuendo, 
keeping strict time. The exerefise may be repeated 
in a different way [Ex. 4]. 

Here special emphasis is given to the first 
notes in the opening bar. But the student can 
write out the same notes entirely as minims, 
and get a crescendo on each note, beginning 
softly and increasing the tone gradually. The 
crescendo is easier than the decrescendo. F^ 


the latter, begin with the full tone, then diminish 
the breath gradually, counting mentally two 
very slow beats for each sound. 

Pitch. Unless the clarionet is used daily it 
will be found to vary considerably in pitch. This 
is only natural, because a wooden tube, after being 
made damp and not touched for a few days, 
will contract in its fibres as it gradually dries. 
Then the sudden moisture of the breath will 
cause it to swell rapidly, so that the internal 
diameter of the instrument is lessened, and the 
pitch of the sounds produced consequently 
raised. Some players, when a clarionet has been 
laid aside for a while, wfill take off the keys a 
day or two before performance and steep the 
tube in grease. This, of course, is an exceptional 
expedient. More reliable as a way to insure the 
correctness of the pitch is unremitting daily 
practice. Nevertheless, the student must not 
feel discouraged if, when attempting U) play 
with a piano accompaniment, he finds that, before 
the piece has concluded, although he started 
in tune, his instrument has gone up nearly a 
semitone. A good player, under such circum- 
stances, can,, by slackening the pressure of his 
lip on the reed, humour the latter so as to lower 
the pitch ; or he can, by tightening the pressure, 
raise it. But any such strahi involves giving 
undue attention to pitch to the neglect of pro- 
ducing the best quality of tone and performing 
the music in the most accurate manner. In 
other words, the proper place of the clarionet 
is in a band rather than in the home circle, and, 
when practising with an instrument of fixed 
pitch, like the piano, a great deal of valuabk* 
time is often wasted in trying to adapt it to 
the accompanime'nt. 

When a clarionet is provided with a tuning 
slide the tone can be lowered by extending the 
upper joint of the mou thpiece. Bu t it t his is done 
to any extent it upsets the accuracy of intonation 
between the different intervals when playing. 
But accuracy of intonation should be culti- 
vated from the beginning with the greatest care, 
for the clarionet has certain exceedingly beauti- 
ful tone-qualities distinct from those of other 
musical instruments, and tlie student whose in- 
tonation is of an indifferent character can never 
hope to excel. Some people cannot work success- 
fully alone. The best method for such students 
to adopt is to persuade a friend to begin to learn 
the instrument at the same time. Much enjoy- 
ment will be obtained by practising together easy 
studies and tuni*s arranged for two clarionets. 
Tficse pieces can be obtained from any military 
music -seller The difference in pitch will then 
not be noticed, as the change will be alike in 
both instruments. 

^The Low Tones. The student has already 
learnt how to produce G, A, and B?, the G 
being the open note, the A being produced by 
opening the A key with the left forefingei’, 
and the B!7 by opening that key with the left 
thumb. To got the F below the G, take the 
left forefinger off the A. With that finger cover 
the hole below. With the second finger open 
the F key at its side, or, with the first right 
finger, the F key on the upper joint by the A 
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trill. The not© produced will then be F, first 
space treble cl^. Next raise the first left 
finger. The sound will be Cover the first 

liole of the upper joint with the first loft finger. 
E, first line, treble clef, will result. Place the 
second finger on the second hole ; the sound 
will be 1) below’ the first line treble clef. With 
the tliird finger, open the key by its side ; the 
sound vill be D sharp. Cover the third and last 
hole on the upper joint with the third finger ; 
the semitone 0, first lodger line, will result. The 
fourth finger should then open the key bthind the 
third hole ; this Mill give 
Keeping the left 
fingers down, place the 
first right finger on the 
first hole of the lower 
joint ; B, beloM^ tlie 
M’ill be produced. Put 
the second finger on the 
8e(*ond hole, and A M’ill 
result 

Open the key at its 
side M'ith the third 
finger ; tliis m ill sound 
A^. Release that key 
Mid put the third finger 
(XI tlic third hole, and 
the sound M'ill be G. 

With the fourth finger, 
open tlie large key be- 
liind the third hole ; GJ 
will result Release tliat 
key, and let tlie fourth 
finger cover the hole to 
the right ; tlie result vill 
lie bottom F. Lt*t the 
left fourth linger now 
open the smaller of tlie 
tM'o Jong keys in the 
upper joint ; this Mill 
raise the iHittom F a 
semitone. I.^tly, let the 
fourth finger cover the 
bole below the largest 
key ; this Mill produce 
the deep E, the lowest 
sound of the instrument. 

So Uie student mu 11 iiom' 
understand how to get 
the various tones and 
half-tones from the open 
G to the loM cst sound m 
llie bottom register. 

Beginning M’ith this 
note, the deep E, the 
student should now go 
up the scale in wiiole 
lon^^s, disregarding the keys aM ay from the 
of the holes. BTom' each sound as firmly as 
possibje. Keep strict time. Preserve the force 
of the breath after the tongue has started the 
notes, so tliat the sound is maintained fully as 
long as each note lasts, 't’his exercise, Mdiich 
should be taken very slowly, will strengthen the 
niiwcles of the mouth. Avoid distending the 
cheeks, and take ».are not to let the breath 
escape from the sides of the lips. [Ex. 5.] 
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Intervaia* It is important not only U» 
practise the scale given, very slowly up and 
down the lowest register of the instrument, but 
to endeavour to obtain a crescendo, and th«i a 
decreseendo, on each note before proceeding 
to the next. Equally- nooessary, if progress is 
to be made, is the stady of intervals. First 
try seconds ; then thirds, skipping each inter- 
vening note ; fourths, skipping two notes ; 
fifths, skipping three ; sixths, skipping four ; 
sevenths, skipping five ; and octaves. This 
will train the eye as well as the ear, so that, later 
on, no matter what in- 
tervals occur, they may 
be played Muth pre- 
cision. Not only should 
tlie right notes be 
sounded, but it is ex- 
cellent training to play 
them alternately stac- 
cato and legato. Then, 
as the student masters 
the initial difficulties, 
he can gradually in- 
crease the pace at which 
he plays each exercise. 
[Ex. 6.] 

The student may 
consider this rather un- 
interesting work. But 
it has to be mastered 
sooner or later ; thert‘- 
fore, the sooner the 
better. 

As the clarionet is a 
military instrument, a 
point to observe is time. 
If a note is produced 
badly, no matter ; com- 
plete the phrase. Then 
go over the exercise 
again until the note 
wanted is sounded cor- 
rectly and in proper 
time. It should l^e re- 
membered that, later 
on, when playing on the 
march, it will not bt‘ 
possibk*, if a mistake 
is made, to get the 
column to halt while 
the phrase is repeated. 
For the staccato effect, 
sound eac*h note smartly 
with the tongue. 'Hien 
cut off the sound 
suddenly by holding the 
breath. 

The Second Register. Having tried 
various exercises in the lowest octave, proceed 
t"! the register above. This, ascending from 
the B on the third line, is somewhat difficult 
for beginners. The B is fingered like the 
lowest E. Sound that again ; then increase 
the pressure of the lips. The result will be not 
an octave, but a twelfth higher. This is owing 
to the difference in the bore of the instrument 
^ing unlike that of the flute oi' oboe. Bind 
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this B with the A preceding it. Note that the 
B) key at the back of the instrument must 
always be left open for the second register. 
The student will now have to learn to ascend 


inventions of Albert and Boehm, the primitive 
clumsiness has been improved in a remarkable 
manner. By means of the chart on the next page 
the student should be able to learn the names 


the scale of C major, beginning at B on the 
third line, and going up to F over third ledger 
line above staff, or twelve notes from the B. 
When this is mastered, the student will be able 
to play twenty-three notes without accidentals 
from the lowest E up the compass of the in- 
strument and down again. • 

Fingering. It is well here to recapitulate 
certain points hitherto partially explained. 
If all the key mechanism is taken off, it will 1)6 
found that, in a thirteen-keyed clarionet, there 
are twenty side-holes. Now, seven of these 
holes are closed by the left thumb and the first, 
second, and third fingers of the right and left 
hands ; two more are closed by the little 
fingers pressing the open-standing keys ; one 
hole is stopfied by either, or both, of the right 
second and third fingers acting on the rings. 
The remaining holes are manipulated by closed 
keys. Arrange the fingers so that all the 
holes are closed. Then raise them successively. 
Blow softly. The notes given will be A, B, C, 
I), E and F^. Next, sound the G from the 
thumb-hole. The two lower keys, we know, 
when closed, produce the low F and E. A 
matter wo have not hitherto mentioned is that 
the B!? key, negotiated by the left thumb, 
is called the Speaker, so-called because, when 
the hole is covered and the low note is blown 
harder, the tone “ speaks ” a twelfth higher. 
Thus, G sounds, not G above, as it would do 
on the flute, but the D over the G. A does 
not give A octave, as it would on the obue, 
but E over the A. B pioduces F ; and so on. 
This charming peculiaiity of the clarionet 
distinguishes it from other wood or reed 
instruments. 

Another speciality of the clarionet is 
that its low register gives what are called 

chalumeau ’’ sounds, the tone being remi- 
niscent of the “ schalmey,” the clarionet's 
antitype. This obsolete instrument was played 
by a single reed cut in the mouthpiece of the 
cane -tube itself, so that it could not be removed. 


of all the holes and keys, and the way in which 
the clarionet is fingered from one end of its 
compass to the other. There are seven holes 
and thirteen keys, covering as many more — 
or twenty holes altogether. The keys are 
numbered successively from the bell. Each 
key, as well as each hole, has two names, desig- 
nating the low and higher registers, the latter 
being a twelfth above the former. Begin with 
the key nearest to the bell. • This is known as 
No. 1, and is called the E, or B key. No. 2 is 
the Fjf, or Cjl key. No. 3, higher up to the 
right, 18 the F, or C key. No. 4, also to the right, 
is the E7 or At?. 

Then comes the G, or D hole. In other 
words, when this hole, as well as those above 
it, is covered, the note sounded is the low G 
below second ledger line, treble clef ; or, if the 
instrument is blown with more force, the D 
on the fourth line on the staff above. The 
fifth key is called the B*?^, or F above. Then 
comes the second hole, for A or E. The sixth 
kev, round to the left, is known as the B, or 
Above that is the third hole, also giving 
B or F^. That completes the lower joint of 
the instrument negotiated by the right hand. 
The seventh key, manipulated by the left hand, 
gives Ci or G^. Then comes the fourth 
hole, producing 0 oi G. Above that is the 
eighth key, giving E? or B^. Next comes 
the fifth hole, which sounds the D or A. Then 
we have the ninth key for F. Above that is the 
sixth hole, called E or B Next, we have the 
seventh, or G, hole. Above that is the tenth 
key, known as A^. The eleventh key gives 
A ; the twelfth is the Trill key ; and lastly, the 
thirteenth is the B*? key. Attention to the 
table appended will show what fingeis should 
lie used for the manipulation of each note. 
Certain sounds, like the low A jj, F on the 
first space, the octave F above, and the A J 
above that, have alternative fingerings, of 
considerable advantage in certain passages. 

The Shake. The shake is one of the 


To the eye of the beginner the complications 
of the modern key-mechanism may, at first, 
seem bewildering, for its actual simplicity 
requires some explanation before it is perceived. 
Then, instead of feeling bewildered, the student 
marvels at the ingenuity which enables the player 
to overcome with ease much that not long ago 
was impossible. For it must bo obvious that, it 
the instrument is pierced by no fewer than 
twenty side-holes, and the player has only two 
thumbs and eight other lingers, means must 
be provided for 

keeping ten out of (r 


the twenty holes 
automa tic ally 
closed. It must 
also be evident 
that, to negotiate 




most lieautiful effects obtainable from the 
clarionet. But it must be executed evenly. 
Begin slowly, and increase the speed gradually. 
If a trill is performed unevenly it lose* its charm. 
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twenty holes with ten digits, each finger must According to the key, the shake is made either 
be employed in various ways. Through the a tone or a semitone higher than the note 
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indicate. Begin \^ith the not« written, and 
alternate it with the .sound above, resolving the 
shake by two grace notes before concluding it 
[Kx. 7J. 

The student should tiy this exercise on almost 
every note ol the scale. He should not be 
discouraged if first attempts are unsuccessful. 
The player, if his ear is good, will by-and-by 
disco\er ways of getting the efiects in the 
neatest manner, "nic most difficult shakes, 
which must not be attempted at first, are shown 
in Ex. 8. 

BASSET HORN 

The basset horn is the alto clarionet in F, 
known also as the “ como di basset to.’’ In 
apjiearance it is somewhat more imposing than 
the clarionets described, as its top and bottom 
shanks are of metal, the mouthpiece, tube, and 
the bell being curved.* The basset horn is useful 
in a military band as a connecting link between 
the second and third B'^ clarionets and bassoons. 
Passages which are too high for the bassoon, or 
inconveniently low for the B7 clarionet, can be 
played with ease on this instrument. Generally, 
the alto clarionet plays harmony notes, but it 
frequently relieves the bassoon in its higher 
passages. Combined with the euphonium, it serves 
to soften the melody. The instructions given as 
to the fingering and the blowing of the B^^, A, and 
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other clarionets, apply to this instrument, as its 
mechanism is almost the same. The main differ- 
ence is that the alto clarionet in F sounds every 
note a fifth Wow the clarionet in C. But the 
timbre is different, and for this reason exceedingly 
valuable to composers. Both Mozart, in his 
“Requiem,’’ and Mendelssohn, in his “Funeral 
March,’’ have parts for tw^o liasset horns to- 
gether. But, although in those compositions the 
character of tone is gloomy, Beethoven made 
serviceable use of this instrument in his ballet 
music of “ Prometheus.” 

Tlie alto clarionet is a beautiful instrument. 
Its tone is powerful from the lowest E, below 
third ledger line, to the E above. It is less good 
from that E to the B7 on the third line. But 
the quality from the B) to the D, over second 
ledger line above treble clef, is excellent. Higher 
than that, the tone is uncertain, and of little 
use. 

BASS CLARIONET 

The bass cla»ionet is in A, B’, or C. It speaks 
an octave lower than its smaller brethren let- 
tered in the same way. To economise space, this 
large instrument has a tumed-up metal bell. Its 
mouthpiece shank is also of metal, and curved 
considerably downwards towards the player. As 
regards the fingering, the mechanism resembles 
in construction that of the ordinary clarionets 
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described. On account of th(5 greater length of 
tube, however, the holes are further apart, and 
give space for more auxiliary keys ; so the 
finger stretches are not only greater, and the 
instrument not only heavier, but some bass 
clarionets have as many as twenty-one keys, only 
two holes being acted upon directly by the 
fingers of the player [see illustration]. 

"rhe bass clarionet, unless required for special 
solos, is played in a military band with the fir.st 
or second bassoon. In small bands, one bass 
clarionet and one bassoon suffice. When well 
played, the lower notes of this instrument are 
superb — a fact much appreciated by Meyerbeer 
and Wagner. Like the small or A instru- 
ments, the part of the bass clarionet is usually 
written in the treble clef. Meyerbeer invariably 
adhered to this plan, and in the 
fifth act of the Huguenots” 
he displays the telling tones in 
the extreme low compass of 
this instrument in a remark- 
able manner. Wagner, on the 
other hand, wrote for the bass 
clarionet sometimes in the bass 
clef (as in the “Walkiire”), 
and sometimes in the tenor clef 
(as in “Tristan and Isolde”). 

Cliarts are procurable of the 
fingerings, throughout the en- 
tire compass of three and a 
half octaves, for the bass clari- 
onet — whether tuned in A, B!?, 
or C — show ing how every semi- 
tone is produced on an 
instrument provided 
with tw'enty-one keys. 

The student, who 
should be pre])ared to 
play in other clefs, 
should first transpose 
this staff into the bass, 
starting from the EIt 
on the first ledger line 
below the staff. 

In this instrument 
the 14th key is F ; the 
15th, Fi; the 16th, G; 

17th, G$ (orA!7); mh. 

A ; 19th, an auxiliary B ? ; 20th, the B shake key ; 
and the 21st, the B*b octave key- 

The bass clarionet, although unsuitable for 
solo playing except on rare occasions, is most 
useful in strengthening the reed department of a 
military band, and helping to keep the bassoons 
in tune. On th is instrument long sustained notes 
have a grand effect. But tonguing is difficult, 
and many of the shakes are almost impossible. 
The bass clarionet, therefore, does not demand 
great digital execution. Rather must the 
student cultivate the production of a good tone- 
quality and the faculty of playing in strict 
time, because if the deep bass clarionet, with its 
powerful sound, attacks a chord too soon or too 
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late, it will completely spoil the effect, and throw 
out the smaller clarionets. 

In a full military score the part of the bass 
clarionet is immediately below the basset horn 
and over the bassoon. Above the former 
come the various saxophones, and over these the 
B^^ clarionet, oboe, E7 clarionet, and the flutes. 
The bass clarionet has been found by Wagner, 
Strauss, Tschaikowski and others, of considerable 
value as a means of infusing into the modem 
orchestra an unusual tint of tone -colour. The bass 
clarionet extends the peculiar tone-qualities of the 
single reed instmment an octave lower than its 
ordinary compass in a beautiful 
manner, adding a delightful 
sonorousness to masses of 
^ the wood-wind. Nevertheless, 
good bliss clarionet players are 
not easy to find. One reason 
is perhaps the expense, such an 
instrument, new% costing not 
less than £10 lOs. Hundreds of 
young men will devote them- 
selves diligently to the usual typo 
of smaller instrument, and, when 
they depend for their livelihood 
on the private engagements they 
receive, find it difficult to earn 
even a modest income. Moreover, 
it is becoming increasingly diffi- 
cult to make a limited number 
of appointments suffice for the 
numerous candidates, when the 
big music schools are turning 
but yearly many finished 
clarionet players. It 
is wtII for the am- 
bitious student, there- 
fore, to give attention 
to such special instru- 
ments as the bass 
clarionet. By doing so 
he distinguishes him- 
self immediately from 
the rank and file of 
players, and is in a 
BASS position to demand and 

CLARIONET receive better terms. 

(Kudall Carte & Co.) Brussels (^)n- 

servatoiro is one of the earliest attempts existing 
of a bass clarionet, the bore coiling five times on 
itself, serpentine fashion. 

THE DOUBLE-BASS CLARIONET 

We give here, to complete the clarionet family, 
an illustration of the BBl7, used at the Royal 
Military School of Music, Kjieller Hall. By 
doubling the tube, its increased length enables 
it to sustain contra-bass pedal notes with mag- 
nificent effect. The cost of this (£48) is rather 
beyond the individual, but is within the means 
of large societies. So far as the fingering is con- 
cerned, it will be readily understood by th® 
student who has familiarised himself with tho 
bass clarionet mechanism. 
concluded 
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ITALIAN-FRENCH-SPANISH-ESPERANTO 

Italian by F. de Feo ; French by Louis A. Barbe, B.A. ; Spanish by 
Amalia de Alberti and H. S. Duncan ; Esperanto by Harald Cleg^ 
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By Francesco de Feo 


IRREGULAR VERBS 
Second Conjugation 

Wrbp in ere (short) — continued 
(Past Def. in .ci Past J^art. in so or sfo.) 
Accendere, to light 
]*asf Dcf. — Acer si, accese, arc Hern. 

Pa 'it Pa rt. — A creso. 

Accludere, to enclose 
Past Def. — AcHvsi, ncclnse, arelasern. 

Past Part. — Ar^lusn. 

(Conjugate like aerJuAere : ronriudere, to con- 
clude ; esrludere, to exclude; incJiidtrc, to 
include : prerlvdere, to hinder. 

Alludere, to allude 
]^ast Def. — AUvsi, nil use, nllusero. 

Past Part. — Alluso. 

ronjiigate like a^h)dere ; deludere, to dtdude ; 
illudere, to illude. 

Appendere, to hang up 
Past Def. — Appesi, apfu>se. appesero. 

Pa st Pa rt . — A f>es(). 

Ardere, to burn 
J*a.^t Def. — Arsi, arse, drsn-o. 

Past Part. — A rso. 

Chiedere, to ask 

Ind. Prr^. — Phiedo [chic'jgo), etc. ; chtedono 
(ihieggono). 

Pa<t Def. — (liiesi, chie<ie, rhieseut. 

St(hj. Pres. — Chieda (chiegga), etc. 

Past Part — Phiesto. 

t'onjugatt' like rZ/fV/Zm .• rirhiedere, to r<>quest. 

Chiudere, to shut 
Past Def. — (^hiusi, rJ(i)isf, rhiiisern. 

Past Part. — Phiuso. 

Conjugate like rlniiderr : conclniulere, to 
eonelude ; disrhiudere, to open, to disclose. 

Concedere, to grant 

J^ast Def. — Covressi, mnredei, coacedeUi ; roii- 
c> sse, concede, concedetle ; conccfisero and con- 
cedHtero. 

Past Part. — Poncesso {covreduJo). 

Conjugate like cone ed ere : succedere, to succeed ; 
r(rfdere, to recede. 

Decidere, lo decide 

Past I)ej. — Decisi, decise, decisero. 

Past Part. — Deciso. 

(‘(mjngate like dec\dere : rec]dere, to out off. 

Difendere, to defend 
Pa^sf Def. — Dijesi, di/ese, difesero. 

Past Part. — Difeso. 

Conjugate like difhidere : (tflenderc, to offend, 
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Dipendere* to depend 
Post Dej, — Dipesi, dipeae, dijdsero. 

Past Part. — Dipeso. 

Dividere, to divide 
Past Def. — Dhnsi, dhnse, dit'isero. 

Past Part. — Diviso. 

Eludere» to elude 

Past Def. — Elusi, eludei, eludetti ; elust, elude, 
eludette ; elusero, and eludHtero. 

Past Part. — Eluso. 

Esplodere, to explode 
Pa •it Def. — Esplosi, esplose, esplosero. 

Pn'it Part. — Esploso. 

Evadere, to evade 
Past Def. — Emsi, em^e, eimsere). 

J^asf Part. — Eixiso. 

Fondere, to melt 
Past Def. — Fusi, fuse, fitsero. 

Pad Part. — Fuho. 

Conjugate like fond ere : confdndere, to eon- 
found ; difjondere, to ditfuse ; effondere, to pour 
out: infdndere, to infuse. 

Incidere, to engrave 

]*ast Def. — Jncisi, incise, inriHero. 

Past Part. — furiso. 

Conjugate^ like inchlere : cnincldere, to coincide 

RemarKs on Irregular Verbs 

1. The great/cr part of the verbs in -ere end 
in past definite in -si (first }>er8on singular), -se 
(third person singular), and -sero (third person 
})lural). As has been already seen, the other 
jfersons are regular, thus : 

Accendere (to light). Past def.: accesi, accen- 
desli, accese, accendeinmo, arcendeste, acchero. 

Chiudere (to shut). Past def. : chiusi, chivdesti, 
chi use, chiudemmo, chindeste, chiusero. 

Decidere (to decide). Past def. : declsi, decidesti, 
etc. 

2. I’he past participle of these verbs is nearly 
always irregular, and is formed by the addition 
of the terminations -so, -to, or -sto, thus : 

Eidere (to laugh). 7^ast part. : riso. Leggere 
(to read). Past jm f. : letto. ChiMere (to ask). 
Past part. : chiesto. 

3. The verbs with the stem ending in d, n, nd, 
lose these letters before the s of the terminations 
si, se, sero, of the past definite, and the termina* 
lions so, sto of the past participle. Thus : 

Ardere (to burn), am, 1 burned ; arso, burned. 
Bimanere (to rt'main), rimasi^ I remained ; 
rimasto, remained 

Sp^ndere (to spend), spesi, I spent ; speso, 
spent. 






4. A few verbs change the vowel of the stem. 
Example : fondere (to melt) — Pad iJef. : fust ; 
Past Part. : fuao. 

Exercise XLIII. 

1. Vedete se hanno acceso i lumi nella sala 
da pranzo. 2. Che eosa avete concluso ? 3. 

Essi sper^vano di ottenere chi sa che, ma son 
restati delusi (disappointed). 4. Gli scioperanti 
iirsero una gran quantit^i di grano. 5. Egli mi 
ehiese del danaro, ma non gliene diedi. 6. 
(^hiudete Jo finestre, perch^ si avvicina un gran 
temporale. 7. Oggi e festEL, e tntte le botteghe 
sono chiuse. 8. Tuiti corrono verso la chiesa ; 
chi sa cosa sara successo. 9. Essi decisero di 
parlir subito, senza aspettare il vostro avviso. 
10. Si ^ offesa perohe non le abbiamo reslitnito 
la visita. 11. L’lialia era divisa in tanti 
picooli stati. 12. J1 prigioniero (prisoner) elusc 
la vigilanza delle guardie e riusci a fiiggire. 13. 
Si eonfusero le lingiio. 

EsERcizro DI Lettttri 

Nei tumulti' popolari o’ ^ sempre un certo 
niimero d’udmini che, o per un riscaldamento 
di passione, o per una persuasione fanatica, o 
per un disegno scellerato, o per un maledetto 
gusto del soqquadro,^ fanno di tutto per ispinger 
le cose al p^ggio ; propongono o promovono i 
piu Hj)ietati^ eonsigli, soffian nel fuoco ogni 
volta che principia a illanguidire : non e mai 
troppo |)er costoro ; non vorr^bbero che il 
tumulto avesse nc fine ne misura, Ma per 
eontrappeso/ c’ e sempre anche un certo numero 
d’altri udmini die, con pari ardore e con in- 
sistenza^ pari, s’addprano'* per produr Teffetto 
contrario ; taluni mossi da amicizia o da parzia- 
lita per le persone minacciate ; altri senza 
altro impulso<* die d'un pio e spontaneo orrore 
del saiigue e dei fatti atroci. 11 ciclo li benediea. 
In ciascuna di queste due parti opposte, anclic* 
(juaiido non ci siano concert! antecedenti, 
Timiformita dei volori crea un concerto istan- 
taneo nelle operazioni. Chi forma poi la massa, 
e quasi il materiale del tumulto, e un miscuglio 
accidentale d'udmini, die, piu o meiio, per 
gradazioni indefinite, tengono deiruno o del- 
I’altro estremo ; un po’ riscaldati, un po’ furbi, 
un po’ incliiiati a una certa giustizia, conic 
I’intendoii loro, un po’ vogliosi" di vedcrne 
qualcuna gros a,^ pronti alia fercwia e alia 
niisericordia, a detestare e ad adorare, secondo 
che si present! I'occasione di provar con pienczza 
I’uno o Taltro sentimento ; avidi ogni moniento 
di sapere, di crMere qualchecosa grossa, bisognosi 
di gridare, d’applaudire a qualcheduno, o 
d’urlargli dietro.^' (Manzoni, “ 1 l^omessi Sposi,” 
Cap. XIII). Continued. 

Notes. 1, tumults ; 2, confusion ; 3, inhuman ; 
4, to counterbalance ; 5, endeavour ; fi, impulse ; 
7, eager; 8, something striking; 9, to howl after 
him. 

Idiomatic Expressions 

Tlie student should become familiar uith 
the following expressions, which are of daily 
use : 

Aver la gentilezza di, to be so kind as 

hJsscr finiio, to be over 

Lo spktacolo i flnito, the performance is over 


Mi si dktf 1 am tokl 

Mi ^ stato detto, I have been told 

Av^r notizie di, to hear from 

Non ho notizie di lui, I haven’t heard from him 

Farei meglio, I had better ^ 

Fareste molto meglio, you had much better 
A che serve ? what is the use ? 

Secondo me, in my opinion 

Secondo Ini, according to him 

Fsser di cattivo umore, to be in a bad temper 

Servirsi, to help one’s self 

Si strva, help yourself 

Avere da, to have to, to be obliged to 

Exerclse XLIV. 

1. Abbia la gentilezza di dirmi come si dice 
questo in Inglese. 2. Quando arrivammo in 
chiesa il servizio era gia hnito. 3. Invece 
di star qui a far niente, fareste molto meglio a 
studiare la vostra lezione d’ltaliano. 4. Avete 
notizie del signor Garlo ? 5. No, non abbiamo 

piu notizie di lui ; forse non e a Londra. C. 
Lasculitemi in pace, vi prego ; son di cattivo 
umore oggi, senza sapeme il perche. 7. He le 
capita di vedere (if ymi happen to see) il suo 
amico, khlna. la gentilezza di dirgli di venire 
da me stasera, perche ho da parlargli. 8. Mi 
dispiace di non pot ere accompagnarla ; ho 
da scrivere delle letterc important issime. 0. 
Secondo me, in primavera ncominceranno le 
ostilitk 10. A che servono questi ferri ? 11. 

Si serva, signore ; come vede tutto 6 pronto. 
12. A che serve ritoniare sul passato ? Quel 
ch’ c fatto e fatto. 

(\>nvers.azione 

(’lii Jia chiuHO la porta ? 

L' ho chiusa io. . 

(’hi ha acceso i I lum(‘ nclla mia Ctimera? Lei, 
non e vero V 

lo no ; tTa gia acceso • (juando sono entrato. 
(’he giornali ha comprato ? 

Ho comprato il Ctntieie della Seni e il Mattino. 
Quale vuolc ? 

L'lmo o I'altro ; fa lo ste.sso 

Non ho piu notizie di suo nipot(‘ ; do\ ' c ? 

E chi lo sa ; e un anno che non ci scriviamo 
pill. 

Di chi sono queste carte ? 

Sono mie, grazie. 

Mi e stato detto ehe la signor.i N. e di nuovo 
a Firenze, sara vero ? ^ 

Seeondo me dev’ esser vero, jierrhe I'altro 
giorno m’ e parso di v(‘dere la su<i. c.iineri(‘ra 
Dio buono, ehe donna ’ 

Key to Exercise XL. 

1. Where did you know tli<i.t gentleman ? 
2. 1 knew him at Nice last year. 3. I acknow- 
ledge my mistake, and I beg your pardon. 
1. My esteem for the young sailor increased 
much when 1 heard him praised in such a way 
by his captain. 5. One knows where one was l>orn, 
but one does not know where one dies. (5. He 
as bom of very poor parent'^, but by constant 
\vork he has succeeded in putting together a fair 
fortune. 7. They have insisted so much that 
1 have ended by yielding. 8. At the end of the 
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dinner, all drank to the health of the married 
couple. 9. The thieves broke the glass of a 
window on the ground floor, and penetrated 
into the house. 10. To-day I was present at a 
terrible scene ; a poor mason fell and broke his leg. 

Key to Exercise XLT. 

1. The house of which I have spoken to you is 
in Via Roma. 2. He who cannot obey docs not 
know’ either how’ to command. 3. Do what I 
have told you, and you will prosper. 4. We 
must love him w^ho loves us, but we must not 
hate him w’ho hates us. 5. I thank you for 
the many proofs of friendship that you have 
always shown me. 6. Let me see what you 
have in your pocket. 7. I have returned nim 
the money that he lent me. 8. The lady whom 
you have seen is our landlord's wife. 9. The 
order that you gave me has been faithfully 


executed. 10. That is all I know ; I cannot tell 
you more. 11. The aged husbandman plants 
the seed of the tree, whose fruits his sons and 
grandchildren will see. 

Key to Exercise XLII. 

1. How^ much have you paid for this hat ? 
2. Whose pocket-book is this ? 3. Who has 
brought this luggage ? 4. That gentleman is 
an Englishman, is he not ? 5. Which is the 
train for Rome ? 6. What have you ordered 

for Christmas ? 7. What is the matter with 
these boys ? 8. Who is that (man) ? 9. At 

w’hich station shall we stop ? 10. To whom 

have you given the ticket ? 11. What has 

your father said ? 12. Of which lady are 

you talking ? 13. In what year were you born ? 

14. Of what is your cousin thinking ? 15. Who 

has asked to be admitted ? 
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IRREGULAR VERBS 
Third Conjugation 

1. S’asaeoir, to sit down, s'a^seyant, s'etant 
QS/ih. 

Jnd. Pres. — je rrCassieds, tii t'assieds, il 
.s‘asne<f, nous nous asseyons^ rous vous asseyez, 
%h sasseyent. 

Imperf. — je m'a^seyais. 

Past Def. — je m'assis. 

Future. — jt m'assihat. 

('and. Pres. — je m^assihais. 

Subj. Pres. — qiie je m'asseye, que tu t'asseyes^ 
quit s’assetfe, que nous nous asseyions^ que lou'^ 
lous asseyiez, quils s'asseyent. 

Impel j. — que ]e m'assisse. 

Imperat. (positive). — assieds-toi, quiJ s'a'^seye^ 
a-s^eqons-nous^ asseyez-vous, qu'ils s\isseyent. 

Imperat. (negative). — ne t'assieds paSj quit 
ne sasseye pas, ne nous asseyons pas, ne v<o(8 
asseifez pas, qu'ils ne s'asseyent pas. 

There is a transitive form a^seoir, to seat. 
The alternative conjugation, je rnassois, je 
m'assoyais, je massnira, etc., is seldom used. 

2. Mouvoir, to move, movvant, mv, f. mue. 

Ind. Pres. — Je mens, tu mens, il meut, nous 

mouvons, vous mouvez, its meuvent, 

Imperj. — je mouvais. 

Past Def. — je mvs. * 

Future. — je rmmvrai. 

Condit. Pres. — je mouvrais. 

Subj. Pres. — que je meuve, que tu meures, 
quHl meuve, que nous moiivions, que vo^is mouviez, 
quits meuveni. 

Imperj. — que je musse. 

The derivatives hnouvoir, to move, to affect ; 
serrvouvoir, to be affected, and promouvoir. to 
promote, take no circumflex accent in the 
past participle ; emu, promu. 

3. Pouvoir, to be able, pouvant, pu. 

Ind. Pres. — je peux, or je puis, tu peux, il 
pent, nous pouvons, vous pouvtz, its peuvent. 

Imjterf. — je poumis. 

Past Def.^e pm. 
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Future — je pourrai. 

Cond. Pres. — je pourrais. 

Subj. Pres. — que je puisse, que tu puisses, 
qiCil puisse, que nous puissions, que vous puissiez, 
quits pnissent. 

Imperf. — que je pusse. 

Of the tw'o forms of the first person singular, 
present indicative, puis is the only one that 
can be used interrogatively ; Puis-je ? May 1 ‘f 
Can I ? 

In the Future and the Conditional the two Fs 
are not pronounced separately. 

Pouvoit is used absolutely with the meaning 
of “ to be able to do ” : Je ne puis rien pour 
tui, I can do nothing for him. 

The Subjunctive follow’cd by its subject is 
used to express a wish. In that case the first 
person singular takes an acute accent : Puisse- je 
rhissir, puissiez-vom reussir. May I succeed, 
may you succeed, etc. 

4. Savoir, to know, snehant, su. 

Ind. Pies. — je sai^. tu sais, U sait, nous savous, 
vous savez, its savent. 

Imperf. — je savais. 

Past Dej. — je sus. 

Future. — je saurai. 

Cond. Pres. — je saurais. 

Subj. Pres. — que je sarhe, que tu saches, 
qidit sarhe, que nous sachions, que vous sachiez, 
qu'ils sacheut. 

Imperj. — que je susse. 

Imperat. — sarhe, quit sache, sarhons, sachez, 
qu'its sachent. 

Savoir and connaitre both mean “to know.” 
Connattre means “ to know ” in the sense of 
“ to be acquainted with,” and therefore applies 
to persons and places: Je connais son frere, 
r know his brother ; 1 1 ronnait Paris, He knows 
Paris. Savoir means “ to know ” as the result 
of study : il sait sa le^on. 

Savoir is also used when the object is a fact 
or statement, or a pronoun referring to a fact 
or statement : Savez- vous ce que je viens 






(Vapprendre ? Do yoxi know what T have just 
learned ? S'il etait vena, je le saiirais. If ho had 
come, I should know it. 

Savoir also means “ to know how to,” and 
therefore to bo able : Cet enfant salt dejd 
lire et ecrire, That child can read and write 
already. 

Savoir is frequently used negatively without 
pas or point: Je ne sais re que je dots faire^ 1 
do not know what I should do. 

5. Valoir, to be worth, valant, valu. 

Tvd. Pres. — je vaux, tu vausc, il vavt^ nous 
valons, vous valez. ih valent. 

Imperf. — je valais. 

Past Def. — je valtis. 

Future. — je vaudrai. 

Cond. Pres. — je vaudrais. 

Suhj. Pres — que je vaille, que tu railles, 
qu'il vaille, que nous valions, que vous valiez^ 
quils vailhnt. 

Imperf.— (jue je valusse. 

Equhialoir, “to be equivaleni,” and rem^otV, 
“ to repay,” are conjugated like valoir. Preva- 
loir, “ to prevail,” differs from it in the Present 
Subjunctive : Que je prevale, que tu prHales, 
qv'il prevale, que nous prevalions, que vous 
prcvaliez, quails prevalent. 

(>. Voir, to see, voyant, mi. 

Jnd. Pres. — je vois, tu vois, il voit, nous voyons, 
vous voyez, Us voicnt. 

Imperf. — je voyais. 

Past Def. — je vis. 

Future. — je verrai. 

(^ond. Pres. — je verrais. 

Suhj. Pres. — que je voie, que tu voies, qu'il 
toie, que nous voyions, que vous voyiez^ qu'ih 
voient. 

Imperf. — que je vi^se. 

In the Future and the rVmditional the two 
)’s' ai’e not pronounced separately. 

7. VouJoir, to wish, want, to be willing, 
voulant, voulu. 

Ind. Pres. — je veur, tu veu v, il veui. non^ 
VO u Ions, vous voulez, ils vculeut. 

Imperf. — je voulais. 

Past Def. — je x'oulus. 

Future. — je voudrai. 

Cond. Pies. — je voudrais. 

Suhj. Pres. — que je venillr, que tv Viuitles, 
qu it veuille, que nous vouHons, que rovs vouliez, 
quits veuillent. 

Imperf. — que je voulusse. 

The Imperative is hardly ever used, except in 
tlie form veuillez, or veuillez hien, “ please,” 
“ have the kindness.” 

Bien added to vouloir, gives the idea of 
consent: Venez^vous avec nous? Je veur bien. 
Are you coming with ue ? I am quite willing. 

En vouhir d, means “ to have a grudge against,” 
“ to have designs on.” 

Il mien veiU d" avoir agi sans le consultei. He 
bears me a grudge for having acted without 
consulting him. 

Vouloir dire, literally, “ to wish to say,” is the 
usual expression for “ to mean,” “ to signify ” ; 
Qtie veut dire ce mot ? What is the im^aning of 
that word ? 
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Fourth Conjugation 

1. Boire, to drink, huvant, bu. 

Ind. Pres. — je hois, tu hois, il hoit, nous hiivons, 
vous huvez, ils hoivent. 

Imperf. — je huvais. 

Past Def. — je bus. 

Future. — je boirai. 

Cond. Pres. — je hoirais. 

Suhj. Pres. — que je hoive, que tu hoives, qu'il 
hoive, que nous buvions, que vous huviez. qidils 
hoivent. 

Imperf. — que je hiiss^. 

2. Dire, to say, to tell, diaant, dil. 

Ind. Pres. — je dis, tu dls, il dif, nous disons, 
vous dites, ils disent. 

Imperf. — je disais. 

Past Def. — je dis. 

Future. — je dirai. 

Cond. Pres. — je dirais. 

Suhj. Pres. — que je dise, que tu dises, qti'il 
dise, que notis disions, que imts (hsiez, qn'ih 
disent. 

Imperf. — que je disse. 

With the exception of redire, to say again, 
which, like dire, has vous redites in the Present 
Indicative, and redites in the Imperative, all the 
derivatives have -disez in the second pt;rson 
plural. They are : dedire, to retract, gainsay ; 
contredire, to contradict ; interdire, to forbid ; 
rmdire, to backbite ; predire, to foretell {vous 
predisez, vous corUredisez, etc). 

3. Faire, to make, to do, faisant, fait. 

Ind. Pres. — je fais, tu fais, il fait, nous faisons., 
vt)us faites, ils fimt. 

Imperf. — je faisais. 

Past Def. — je //.s. 

Future. — je ferai. 

(^ond. Pres. — je fern is. 

Suhj. Pres. — qve je fasse, que tu fasses, qu^il 
fasse, que nous fassioris, que vous fas,si€Z, qu'ils 
f absent. 

Imperf. — r/^/r ji fisse. 

Faire, followed by an inHuitive, means “ to 
cause to be,” “to get,” “to have.” 11 fait 
hdtir line maison. He is getting a house built ; 
Je ferai relier nies livns, I shall get my books 
bound. 

In this construction, if the second verb has a 
direct object, the object of faire is indirect : 
Je le fais lire, 1 make him read ; but Je lui fais 
lire un livre francais, I make him read a Frencli 
book. 

Faire, follow'od by an adjective used as a noun, 
means “ to play the part of,” “ to pretend to be.” 
7/ fait le sovrd. He pretends to be deaf. 

Nouns aie occasionally used in this tonstruc- 
lion: Uhomme nest n% anqe, ni bite; et le 

malheur veut que qiii veut faire Vanje fait la bete,^' 
Man is ni'ithcr an angel nor a fool ; but ill luck 
will have it that he who wants to play the angel 
makes a fool of himself. 

Exercise XXXIV. 

1. LitUe Mary, seated in an arm-chair {le fauteuil), 
■was reading the story of Little Red Riding-Hood 
(le Petit Chaperon Rougi). 

2. When the poor girl had done her m oi k, she used 
to go (und) sit down in the ashes (la cendre) ; that is 
■why she ■was called Cinderella (Cendrifhn). 
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3. Do not sit on the grass ; it ia damp ; yon would 
catcli cold in'eftrhumer). 


4 . He spoke eA^erj’ iiiomciit (at each instant) of goitig 
1 — 4 . ^1 j ro#woir). 


uu e ev»um iiui i lu \«ir u ri#t*rTuo«rT ; v»i lllTlK 

6. To (powr) move his hearers (attdifeur) the orator 
must himself l»e moved ; one does not move without 


being moved. 

ti. An army ia a body animated {anirncr) by (de) 
an infinite number (une infinite) of different ])as* 
sions which a skilful {habile) man sets in motion 
(faire ntouvoir) for the defence of the fatherland lla 
patrif). 

7. When we (on) cannot do what we wish, we must 
tiy to wish what we can. 

8. We speak little when vanity dooh not make its 
speak. 

9. We easily forget our faults wlu'ii they are 
knouni only to (de) oiii'selvc's. 

10. Perfect v'alour i>. to do \vitliout uitneRse‘, 


(/c tenwin) what w(' sl)ould be eaimble of doing before 
everybody. 

11. Weak ]»eopl(' {la personne) eannot be sincere. 

12. We are nearer lo\ mg those who hate us 
than those wlio love us more than ue {ne) wish. 

13. A philosopher has said tliat few jieople {gens) 
know I'.ow to he old. 


14. Vanity makers us do more things contrary 
[contre) to our taste than (does) reason. 

l.“). Wliat we knou is little m comparison with 
{d() what ue do not know; and sometimes, oven 
what we do not know is jus-t what we ought to know. 

Iti. To kiiou that one knows nothing (it) IS to know 
a great deal. 

17, The man who sells himself is abvay.s paid 
more tliau he (ac) is worth. 

18. (Jreat thoughts comc‘ from tlie heart. 

10. The proveri) adJs us that everv tiling comes in 
due time {d point) to (him) who knows how to wait 
{attendre). 

20. W(' speak w'eli {dirr du hien) of our friends for 
two reasons : first of all (d'abord) that {pour que) 
they may learn tliat we speak well of them, and 
then {ensuite), that they may speak well of us. 

21. What a .ludieiou.^ {judx iiuj) foresight {la pre- 
t'co/nwrc) w as not uhk' to jmt into tlio minds {Veaprit) 
of men, a luon* imperious mistress (iVaprr/ctu*), T 
mean experience, has forced tluni to believe (it). 


22. I’ell us wluit w'c inusi do, and we sholl do'it 
immediately. 

Key to Kxkrolsk XXXIII. 

1. liO Petit Chaperon Kongo partit pour allor 
ehez sa grand’ mere, qui deiucurait dans im autre 
village. 

2. liC loup qu’ello renoontra lui demanda on 
cllc alia it. 

3. La petite fille lui dit : Jo vais voir ina 

grand’ mere ot lui porter une galettc avec un petit 
pot de beurre que ma mere lui envoie.” 

4. Lc loup se mit k courir de toi 

par le ehemin qui otait le plus court, et la jietitc 
fille s’en alia par lc cheinin le plus long, s’amusant 
k cueillir des noisettes et a courir apres des jiapillons. 

fi. Le Chat Boite dit a I’Ogre ; “ On in’a assure 
quo vous aviez lc poiivoir de vous changer cn un 
rat et une souris ; je vous avoue que je lions cola 
tout a fait iiiqiosKible.” — “ Impossible,” reprit 
rOgre : “ vous allcz voir.” 

0. 11 no liendra qu’a vous, Monsieur le Marquis,” 
dit le Koi, ” que vous ne soycz mon gendre.” 

7. 1-e Chat devint grand seigneur, ct no courut 
phis apres les souris qiic pour se diver tir. 

5. La fee dit a Cendrillon : ” Va dans le jardin ; 
tu y trouveras six lezards derricrc Tarrosoir ; 
apporte-les-moi.” 

9. “ .Je to reconiinande surtout de ne pas passer 
minuit : si tu deineuros au bal un moment de ])lus, 
ton carrosse redeviendra citrouille, tes chevaiix 
des souris, tes laquais des lezards, et tes vieux 
habits reprendront Icur firemiere forme.” 

10. La vieillo fee dit que la princessc se percerait 
la main d’un fuseau, et qu’elle en niourrait. 

11. La princessc se percera la main, mais ello 
n’en mourra pas; au lieu d’on mourrir, ello tom- 
bera dans un profond sommeil qui durera cent ans, 
au bout desipiels le fils d’un roi viendra la roveiller. 

12. JjC Petit Poiicet alia so recoiicher et no dorm it 
]Kunf dll reste de la nuit ; il se leva de bon matin, 
el alia au bord d'lm ruisseau, ou il ernplit ses pocJiea 
de }H‘tis oailloux blanos, et ensuile revint a la 
maison. 


Continued 


SPANISH By Amalia de Alberti & H. S. Duncan 


UNCLASSIFIABLE IRREGULAR 
VERBS— continued 
Third Conjugation 

Asir, to seize, grasp, asiendo, asido. 

Ind. Frea. — aaga^ asca, (tai, aaimoa, asis, aacn. 

IrnpiraL — ase, aaga, aagamos, as'id, nagan. 

Sub). Frca . — aaga, aagaa, aaiga, aaganioa, abgai% 
asgan. 

The other tenses arc all regular. 

Conducir, to lead, to conduct, couducii udo, 
condurido, 

Ind. Prta. —cxjnduzco, aniduaa, conduce, con- 
ducimoa, conducia, conduccn. 

Past Def. —cvnduje, condujiate, condvjo, con- 
dujimos, condujiaieis, condujeron. 

Impirat. — conduce, conduzen, conduzcAimos, con- 
ducid, conduzcan. 

Subj. Pres. — condazea. conduzcas, conduzen, con- 
duzcomos, conduzcais, conduzcan. 

Snbj. Imperf. — coitdujera, condvjems, condnpra, 
condvjernmoa. condupraia, condujrran, or con- 
dujese, etc. 

Svbj. Put. —condujhc, CMndujercs, coudnjere, con- 
dnjeremoa, condujereia, condujuren. 
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The Future of the Indicative and the CVmditional 
are regular. 

Decir, to say, to tell, diciendo, dicho. 

Ind. Pna. — digo, dicta, dice, dicimoa, de^ 

Paaf Dif.—dije, dijiate, dijo, dijimoa, dijUtcia, 
dijeron. 

Jmficrat. — di, diga, digamoa, decid, digan. 

Subj. Prea.—diga, digaa, diga, digamoa, digaia, 
digan. 

Subj. Imptrl.—dijcra, dijtraa, dijtra, dijeranioa, 
dijerais, dijeran or dijeae, etc*. 

Subj. Fat. — dijen, dijeres, dijerc, dijeremoa, 
dijerais, dijeren. 

The Tnn>erfect of the Indicative is regular, the 
Future and the Conditional have the regular 
endings applied to the stem dir. Exainjile : eftrr, 
etc., diria, etc. 

All the derivatives of decir, as contradecir (con- 
tradict), desdt^cir (to give the lie to), etc., are con- 
jugated in the same manner as decir, save that the 
second fiersoii singular of the Imfierative is gener- 
ally dice instead of di. Example: coniradice. Ben- 
decir, to bless, and maldecir, to curse, are regular 
in the Imperfect and Future of the Indicative, in 
the Conditional, and in the second person singular 
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imd plural of the Imperative; in all other tensea 
tbeHe verba follow the conjugation of decir. 

Ir» to go, yttido^ ido. 

Ind. Prift.—tw/, WM, va, vamos, mis, van. 

Jmperf. — iba, ihas, iba^ ihamos, ihais, iimn. 

]*asi Ikj.—jui, fnjstv, juc, fuimos, fuistvis, jutron. 

hnfsraf.—ve, raya, mmm, id, vayan. 

Snbj. Pris. — vaya, myas, vaya, vayamos, vayais, 
vayan. 

Subj. Jtnpvrl.—fucra, fucras, facra, fueramos, 
jahais, jncran or fnesv, etc. 

Suhj. Fnt.—furre, f acres, fuerc, fit/remos, f nereis, 
juiren. 

The Fiitiu’c of the Indicative and the (Wditional 
are regular. 

The reflexive verb irse, to ,go away, is conju- 
gated in the same way as ir. 

Jnd. Pres. me voy, tc ms. se m, nos mmos, 
os vais, se van. 

Oir, to heai', oyendo. oido. 

Ind. Pns. — oi(jo. ayes, aye, oimos, ois, oyen. 

Past D(f. — oi. oiste, oyo, ohnos. oisteis, oyeron. 

Jmpcraf. -oyc, oiga, oigamos, old, oigan. 

ISubj. Pres, -oiga, oigas, oiga, oigamos, oigais, 
oigan. 

Stibj. Imp. — oyera, oyeras, oyer a, oyeranws, 
oyerais, oyera n or oyese, etc. 

S\d)j. Flit. — oyen, oyeres, oyen, oyeremos, oyereis, 
oyen n. 

The Iinjwrfeet and Future of the Indicative and 
the Conditional are regular. 

Salir, to go out, saliendo, salido. 

Ind. Pns. — salgo, sales, salt, salitnos, stdis, 
salen. 

Fnf.—'saldre, saldrds, saldrd, saldremos, saldreis, 
saldrdn. 

Pond. — saldria, stddrias, saldrui, soldriamos, sal- 
drtais, saldr/an. 

Im perat. —sal , saiga, saiga mos, sedid, salgan. 

Snhj. Pns. saiga, saigas, sidga, snlgamos, salgais, 
salgan. 

The other tenses are regular. 

Venir, to come, viniendo, vtiiido. 

hid. Pres. — vengo, vienes, vient, venimos, rents, 
vicnen. 

Ful.—vendre, vendrds, vendrd, rendiemos, ven- 
dreis, vendrdn. 

Past Def . — Vine, vinish, vino, vinimos, vinistcis, 
vinieron. 

Pond. — Viiidria, vendrias, vendria, vendriamo',, 
nndriais, vendrian. 

hnptrat.—veji, venga, vengamos, venid, vengan. 

Subj. Pres. — wmga, vengas, venga, vengamos, 
venga is, vengan. 

The other tenses of the Subjunctive have the 
regular endings applied to the stem vin. Exaiu[)le : 
viniera or viniese, etc., viniere, etc. 


Irregular Past Participles 


The following verbs have irregular ]wst par- 
tici})les : Past Participle. 


Decir, to say, with all its"^ 
derivatives (except hcndcctV — ben- 
dito, and maldecir —maldito), as j 
contradecir, to contradict, etc. j 
Hacer, to make, to do, and'j 
all its derivatives, contrahacer | 
(to counterfeit), falsify, etc. J 
Morir, to die. 


dicho, 

contradicho, 

etc. 

liecho, 

contrahecho, 

etc. 

mverto 


Poner, to put, to place, and j mfstu 
all its derivatives, as oponcr, r ‘gfo, etc. 
to oppose, etc. j 


Solver, to solve ; this verb'] 
is obsolete, but its derivatives | 

sudto. 

have the same form of past par- / 
ticiple, as absolver, to absolve, etc. j 

afjsudto 

Ver,to see, and its derivatives, i 

visto. 

as prever, to foresee. / 

previslo 

Volver, to return, and all j 

vudlo, 

denidlo 

its derivatives, as dcwlver, to give r 
back. J 


Double Past Participles 

The few verbs which follow have a tiue double 


past participle. Other so-called double jiarticiples 
are simply adjective.s, and can only be used witli 
ser and eslar. The true jiartieiple must admit of 
haber : Pa'^ Participle. 

Freir, to fry; the second | . .. 

form is preferred with estar. f pio 

Injerir, to engraft ; the^ 


first form is used with estar and | 
haljcr, the second as “ grafted ” j' 
without auxiliary. j 

Oprimir, to o])])ies.s; the j 
second form is not often used. ) 
Prender, to arrest ; both ^ 
forms may be used with haher, !- 
the second is most usual with ser. J 
Proveer, to jirovide ; the 1 
second form is most usual with r 
istar. J 

R.Oinper, to break, used both ) 
witli Juiber and estar. 1 


inp rido, 
injerto 

o prim ido, 
opreso 

preudido, 

preso 

proi^ido, 

prox'isio 


Defective Verbs 

Placer, to please, is used only in the third 
person, singular or jiliiral, in the following moods 
and tenses ; it is always accompanied by a personal 
pronoun in the objective case. Example; im place, 
it jileases me, etc*. 

hid. Pres. — place ('and. —jlaceria 

J m perf. —placia S ubj. Pres. - - plazca or pleg a ( 

Past f)ef. — 'll ugo or Snhj. hnperf. — 'flttguiera, 
flacio ilariira, plngim', or 

Fnt. — placerci placiest 

R,oer, to gnaw, is found in the following forms : 
hid. Prts.—roo, loiyo, and royo, rots, roi, etc. 
Snhj. Pres.—roa, loiga, and roya, roas, roigos, 
and royas, etc. 

Notk. Porroii, to corrode, diffeis from roir, 
the hid. Prts. being rorroe, corroen, and the S^ih). 
J*r(s. corroa, corroan. 

Soler, to use, tolx‘ accustomed (past ])articiplc, 
sol ido), is only used in the following tenses : 

hid. Pres. — iSnelo, slides, sude, solimos, sohi-^, 
s Helen. 

hnperf. —Solia, sedias, solia, soliamos, solinis, solian. 
Yacer, to lie, is chiefly used in the form ot 
aqui yaoe ” in epitaphs. Other forms ot the 
verb are rarely used. The following tenses are 
irregular : 

Ind. Prcfi. — yazco or yazgo, yaces, yace, etc. 
hnperf. — yacc or ynz, yaced. 

iSnbj. Pres.—yazca, yazeas, yazco, etc., or yazga, 
yazgns, yazga, etc. 

V ocabulary— V ocabulario 

A chcbl Uua area Gracefulness Garbo (ui.) 

A lx»w, an art-h Un arco The claw I^a {jarra 

The quiver El careuj The gutter l..a g-oteni 

An arrow I’na flecha Sninniny Hilar (in.) 

The flannel La frunela The spinning- La rueca 

To charter a Fletar un wheel 

ship buque Inaccurate Incorrecto 

The freight K1 flete Indigent Indigeute 

1.4uy Ferezoso Infamy Infamia(f.) 

A florist Tn (una) Unfortunately Desgranu- 

* floristu damente 
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Vocabulary — ^Vocabulario 

To inflame Inflaniar i A 8late tiuan\\ Uti pizart-al 
A mountain I'li monte, unn A peUble-atone Un g-uijttrro 



nioiitaun 

The claA 

El barix) 

Movintain-side 

La falda dc un The bar 

La barra 


monte 

1 To ripen 

Madurar 

A vale 

Un valle 

1 Mature, ripe 

Maduro 

A cave 

Una cueNa 

1 A sheep-fold 

Un majadal 

The sand 

Im arena 

1 Foolish 

Majadero 

A whetstone 

Unn piedra de 
aniolur 

To commit 

J suicide 

Suicidarse 

A brick 

Un ladrillo 

1 Deformed 

Deforme 

A roof-tile 

Una teja 

j To be pleased 

t^uedar con- 

A slate 

Una pisMirru 

tento 


Exercise XVIII. (1) 

Translate the fo!lc:ving into Spanish : 

1. One cannot say, I shall not drink of this 
water.” 

2. We are going to the theatre to-night. We 
shall go in a carriage. 

3. Cursing his fate, he committed suicide. 

4. Ijet us bless Providence for its bemefits. 

3. liOt us hear the good advice that is given us, 
and, after hearing, follow' it. 

(i. Come when duty calls yon and rejoice at 
coming. 

7. The world has ahsohed us of all guilt. 

8. The son of Madam T. is deformed, 

0. A despot opjjres'ies those who surround him, 
but in oppressing makes himself hat/cd. 

10. They captured the assassin. He was taken 
after offering great resistance. 

11. There is a shop which is called (calls itself) 
** general provider.” It has provided for many from 
the cradle to the grave, 

12. My w'atch is broken, and the servant broke 
the tumbler after breaking the dish. 

ExKRdSK XVIIl. (2) 

Translate the following into English : 

1. Kn Holanda se encuentran areas antiguas 
talladas con gran habilidad (pie son niuy apreciadas. 

2. El carcaj de Cupido esta Ih'uo de flechas 
traidoras. 

.3. Fill al llori.sta y coiipin'' Hores eseojidas y 
oloro.sas. 

4. Con sus garras me arafn'i el gato. 

0. El arte cle hilar ha pasado de moda. antigua- 
mente hasta las reiiias hilaban, y con el hilo (pie 
]M'oducian con sus ruecas tejian lienzos mtiy tinos. 

(). Ese hombre se cree un escritor de jirimcra, y es 
tan il iterate (jiie todas sus citaciones son incorrectas. 

7. El intlauuir las malus pasiones de nuestro 
])rojimo es una infamia 

8. En las faldas de los monies se hallan musgo, 
hehVhos, y cc*s]>ed silvestre. 

9. A veces se encuentran en la arena a la orilla 
del mar guijarros de cierto valor. 

10. Piisimos las manzanas y peras a madurar. 

Key to Exktutse XVII. (1) 

1. Anduvimos de un pueblo a otro. Ando mucho 
sin cansarme, jiero el no jaiede andar. 

2. Le di limosna a un jiobre, me da gusto dar al 
verdadero necesitado. 

3. \"o cpiepo en ese sillon, y aquellos cupieron 
en (d sofa, y el nino cabe en la cuna. 

4. Pixleis tomar ese manuscrito si es que pueden 
Vds leerlo. Xo jiuedo decifrarlo. 

5. Ponga el jian sobre la mesa, y despues lo 
pondre en el nparador mientras jxmen la mesa. 

6. Quiero que me escuchen, y ellos no qiiiereii 
oirme. 

7. Mis amigos saben de memoria la historia de 
Tnglaterra ; yo se inuy bien la de Espafia, y con el 
tiemjx) la sabran ellos tarn bien. 

8. Trnigan a la t uelta la buena fortuna con Vds, 
y despiies de traida, esj>eremoH que se quedara. 
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9. Este cuadro no vale mueho, ixjro desfmes de 
limpiado valdra mas, y no me extraharia que 
entonces valiese mucho. 

10. Veo que su amistad es dada a otro y vhmdolo 
la mia disminuye. 

11. Las fabulas de Lafontaine no son tan 
conocidas como las de Esopo. 

12. La fachenda de ese hombre es ridicula. 


Key to Exercise XVII. (2) 

1. The tobacco factory of Seville is one of the 
curiosities of the town. 

2. The jieople in Andalusia w^car sashes of 
brilliant coloiu's ; the effect is very picturesque. 

3. The word fatiga, besides lieing used with the 
meaning of fatigue, is used as an exclamation which 
means ” how tiresome ! ” ” what an affliction ! ” 

4. In time of knight-errantry the knights received 
from the hands of their ladies a reward, which they 
kept and defended with their lives. 

f). The National Callery in London contains very 
good pictures. 

(». The bulls which come to the towns for the 
bull-lights are always called the cattle. 

7. There are beggars who, dressed in rags, still 
pr^serve some dignity. 

8. The exj)loits of the Cid are known all over the 
civilised W'orld. 

9. Very pretty stuffs are made of cotton. Those 
ot Manchester are the l>est. 

10. At merrymakings the {leasants dance round 
bonfires. 

11. Humility is a virtue, but to humiliate the 
humble is the act of a despotic and proud jKTson. 

12. Ignorance is daring. No one gives a more 
decided and ]>eremy)tory opinion than an ignorant 
jierson. 


PROSE EXTRACT XV. 

From “ Notas sobre el Comercio llispano-Rritanico 
en (‘1 a no 1904.” 


One of the causes ex- 
ercising the greatest in- 
fluence on the reduction 
in th(‘ jirices of sonu‘ of 
the art iclcs cxyiorted from 
Spain to the United King- 
dom is the unmethodical 
manner in which th(‘ ex- 
|)ortation is carried out. 

The remarks whi(*h we 
are about to make may 
be apjilied to the ex])ort 
of articles of food, such 
as oranges, grajies, and 
raisins. 

The losses sustained in 
the year 1904 in connec- 
tion with the two last- 
mentioned fruits are at- 
tributable almost exclu- 
sively to the lack of some 
organisation in the Penin- 
sula, which would regulate 
foreign exports, and avoid 
the agglomeration of a 
certain article in any one 
])lace at a given moment 
when the supjily greatly 
exceeds the demand at 
a time when in another 
market the latter exceeds 
the foi'iner. 


Una de las causa s que 
ejerco mayor inffuemua 
sobre el descenso en los 
precios d(' algimos de los 
productos de la ex porta - 
ci(')n espahola al Reino 
Unido, esta en la manera 
dcsordcuiada como diclia 
expoi-tacion se veritic,i. 

Las observaciones que 
vamos a hacer ymeden 
a})licarKe a la ex])ortaci(Sn 
de yiroductos alirnenticios 
tales como naranjas, uvas 
y yiasas. 

Las pt'rdidas exja'ri- 
mentadas el aho 19CH, en 
los dos ultimos producto.s 
antes mencionados, dt'*- 
bense, casi exclusivn- 
menU*. a la falta de un 
organismo u organiza- 
cion en la Peninsula, quo 
regule la ex portae ion ex- 
terior, evitando la aglo- 
meracion de un pro- 
dueto en una yduza en un 
momento dado, euando la 
oferta exeede con muchr 
a la demanda, en tanto 
que en otro mercado la 
ultima es eujierior a la 
primera. 
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Thus, for example, Asi, por ejempio, y con 
^aud) with respect to respecto a la uva, resulto 
grapes, it happened that que Almeria aglomerd en 
Almeria glutted the Eng- los raercados ingleses 
lish markets with a very p-andes rantidades de 
large number of barrels barriles en cierto mo- 
at a certain moment, the mento, lo cual produjo 
result being a very seri- ima baja importantisima 
ous fall in prices. Fortu- en los precios. Af or- 
nately, the demand was tunadamoiite, la de- 
very .active in America at manda era grande en- 
that time, and the sur- tonces en America, y los 
jdufl bairds were imme- barriles que aqui sobra- 
diately re-shipped to the ron fu^on reembarcados 
United States, where a inmediatamentc para los 
good price was paid for Estados Unidos, donde se 
the fruit, and a catas- pago bien el fnito. y asi 
tiophe was thus averted, se evito ima catastrofe. 

The same happened Lo misnio sucedio con 
with raisins. Our growers la pasa. Empezaron 
began by enormously ex- nuestros cosecheros por 
aggerating the value of exagerar enormemenie la 
the crop, which they importaneia de la cose- 
estimated at an exceed- cha, que calcularon en 
ingly short figure. Facts una cifra extrt^ma- 
soon demonstrated the damente pequena. Los 
mistake which they made, hechos vinieron a deraos- 
and all at once the Eng- trar el error (‘ometido, y 


lish markets were flooded de pronto inundaron los 
with a supply three or mercados ingleses con 
four times as great as the una cantidad triple 6 
average consumption, cuadniplc de la que ordi- 
And as every market has nariamente consumen. Y 
a limited power of ab- como los mercados tienen 
sorption, the inevitable un limite en su absorcion, 
happened, and prices ex- resulto lo que no podia 
perienced a sharp decline, menos de ocuirir, que los 
And, as Jf this by itself precios sufrieron un gran 
were not sufficient. Span- desoenso. Y si esto por 
ish expoi’ters, observing si solo no era bastante, 
that the Baltic markets los exportodores espan- 
were not buying such olcs, viendo que los mer- 
large quantities as in cados del Baltico no 
previous years, brought comjiraban las grandes 
over to England tlie un- cantidades de anos an- 
s o 1 d parcels, thereby teriores, trajeron a Ingla- 
causing great congestion terra las sobrantes que 
in these maxkets, the still por oolocar alU tenian, 
greater depreciation of caiisando con esto 1« 
the raisin and the conse- <'ongesti6n de estos mer- 
qiient ruin of many ex- cados, la depreciacion 
porters, who lost enor- aun mayor de la pasa, y 
mmis sums during that la consiguiente ruina de 
season. miiehos exportad ores, que 

perdieron fueries sumas 
en la citada temporada. 


ESPERANTO nr. 

AD JECTI VES — ooiitinuf^l 

Tlie adjec-tive may be placed 
either before or after the substan- 
tive which it qualifies or of which it 
jiredicates something. Example: 

Li trams tro forta laieon, Ho 
found the tea too strong. 

Sometimes it happens that two 
nouns joined together by mid an^ 
qiialifi^ by a single adjective, and 
in such cases the adjective must 
carry the plural sign j. Example ; 

Mi havas onklun kaj kuzon 
fortajv, I have a strong uncle 
and cousin. 

This is an important point, lie- 
cause wei'e the j omitted, it might 
appear that only the cousin was 
strong. When a ]iliu’al noun is 
used and different adjectives are 
required to qualify singly each of 
the several objects signified by 
that noun, then the singular 
adjective must be used. Example ; 

Mi parolas la anglan kaj la 
francan lirigvojn, I speak the 
English and French languages. 

THE VERB (Future Tense) 

The future tense of the verb is 
formed by adding os to the root. 
The conjugation is, as before, quite 
regular. Examples : 

Morgaa mi vidos vin ce la 
koncerto. To-morrow 1 shall see 
you at the concert. Hi estos 
feliPjoj faroli kun vi, Tliey will 
be happy to speak with }oii. 


fiotll 

VOCABULARY 

abon\ 8ubscril>e honesty honest 
o/a6/', affable, jwnar. journal, 
kind newspaper 

agrahV, agree- kag', cage 
able kanari'^ canaiy 

alt', high hapt', capture 

amuz', amuse kar', dear 
ban', bath lakt', milk 
hel', bofiutiful, (svbst.) 

fine lav^', tongue 

blank', white leler', letter 
brak', arm (communica- 

cert', certain, tion) 

sure manff', eat 

cigared', cigar- matm', morning 
ette matnr', ripe 

carm' > charming matui'e 

Hel', heaven, mend', order 
sky « (goods) 

danger', danger pag', pay 
dens', dense, rezuttai', result 
close ric', rich 

detru', destroy rid', laugh 
dik', thick, romp', break 
^ stout rand', round, 

eh', echo circle 

ekstrem', ex- satj', wise 
treme san', health 

facAl', easy sun', sun 

gaj', gay, merry suUr', shoulder 
gavd', glove temp', time 

glor', glory trao', find 

hero', hero voc, voice 

Exercise 4. 

Yesterday 1 was ill. To-day 
am well. The bird in the cage 


By Haraid Ciegg 

a canary. He caught it yesterday. 
The cherries art ripe, and you can 
eat them. The box contains 
cigarettes and matches. He sub- 
scribes to the journal and the 
gazette. Dear sir. Time flies, and 
we must go mit. EsptTanto is 
easy. He has a letter in his (the) 
liand, and a newspaper under the 
arm. She has a white horse and 
a beautiful dog. To-morrow wc 
sliall go to the theatre. We shall 
laugh and be guy. He is rich and 
will pay you. The glorious hero 
will arri\e to-morrow% and you 
w ill see him. The table is high and 
lound. The lion is a dangerous 
animal. You will find the glove 
and the .stick on the table in the 
garden. I wrote the letter, anfl 
be destioyed it. The general 
with the beard is stout and the 
poor soldiers are thin. They are 
wise and will amuse themselves. 
I can hear the echo. The cousin 
is disag/’eeable to-day. The sun is 
in the sky. To-morrow I shall 
buy (he clock, and it will belong 
to me. Tlie soldiers are honest 
and merry. The matter is difficult. 
To-rnorrow 1 will decide as to it, 
and you can be certain about tlie 
result. 

ADVERBS 

In Esperanto tliere are two 
kinds of adverbs, i.c.— 

1. Those which are derived 
from substantival and adjectival 
root -words by the addition of a 
final e. Examples: nokU, in the 
night : hele, beautifully. 
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2, Tliose which are by nature 
adverbs, and have no distinctive 
final ending. These latter will Ix" 
dealt with in a subsequent lesson. 

The use of derived adverbs is 
very similar to that in English. 
They may be placed either before or 
after the verb, care l)eing taken that 
their position gives the exact mean- 
ing desired. The necessity for this 
remark is shoxn in the following : 

Li kantan laiiie kaj danras. 

Li laitte kanfafi kaj danca^, 
the correct translation of which is, 
“ He sings loudl3^ and dances." 
In the second sentence the word 
laiUe might be considered to relate 
to dancas, which is hardly what is 
intended. 

When these adverbs are used to 
qualify adjectiv^es they are usually 
placed before them. Examples- 

Nt eMas vere helo, She is truly 
beautiful. Li esfis ekMrcme mal- 
gaifila, He wfis extremely rud('. 

The prepositions may also a1 
times conveniently converted 
into adverbs by adding f, in which 
ease the result is the same as pre- 
fixing them to verbs. Examples: 

Li lofia-’i He lives under- 
neath. Ni iris kune, ^^V A\'ent 
together. 

Espeianto sometimes has a 
curious usage of the adverbial form 
where we use the adjectival. This 
is illustrated in the s(*ntences ; 

Esfets arnu‘^e legi, It is amusing 
to read. Estas bele en la gardeno, 
It is beautiful in the garden. 

The reason for this is that the 
adjecti\al form would siqijio.se a 
noun or ])ronouii to be present 
or understood, and, as m the above 
cases neither is to be found, the 
adverb is logically substituted. 

The Negative. The negation 
is formed by the use of ne, no, not. 

Contrary to English jiracticc, 
it is placed before the verb. It 
is often convenie.it to . prefix 
the negative directly to some of 
the parts ot speech, as : luhona, 
bad (not goocl) ; nchinte, dimly. 
When an adverb is used in ])rox- 
imity to the negative, the ])Osition 
of both must be carefully noted or 
the phrase may have a meaning con- 
trary to ti»at intended. Exaiiijile: 

Li tuie ne komfrenis. 

Li ne tute komprenis. 

The former sentence means that 
he understood nothing at all, 
while the latter imjdies that he 
only ])artially comprehended. 

VOCABULARY 

Akcent'. accent aprob', approve 
ali\ other, an- hat\ lx*at 

other blu\ lilue 

apart', Hcparate. boj\ bark (of a 

apart dog) 


hmn\ browTi l€g\ read, peruse 
c€ter\ rest, re- ojt\ often, fre- 
mainder quent 

vef\ chief, prin- okaz\ happen, 
cipal occur 

dekstr', right- omhr', shadow 
hand ov>\ egg 

detal\ detail post (a 

dwers\ diverse, letter) 

various prav\ right, cor- 

felie, happy rect 

fram'\ French- reij', king 
man rigard\ behold, 

gratuV, congra- look at, watch 
tulatc silah\ syllable 

hotel', hot(‘l silent', silent, 

kamp', field simpV, simple 

kates', caress soif', thirst 
kelk', some, strang', strange 
several tre, very 

hud)', boy vrb'. town, city 
koler'. angiy ntil'. useful 
korekf', correct vz'. use 
koverf'. enveloj)e lan', vain, ncod- 
Ired', believe less 

last', last, latest rang', cheek 
I a at', loud, noisy village 

wash w/owT, willingly 
Exer(’ise 5. 

You are right, and I am (piite 
w'loug. We must not stand in 
(on) the king’s shadow. You wull 
be happy, and I must heartily 
fongratulate you. He was very 
angry, and wanted to beat me. 
The boys washed themselves in the 
rj\er. You must go to the left- 
hand bouse. Some streets in the 
town are very ugly. He told me 
sundry strange details about the 
occurrence, and I willingly l»elieved 
him. The egg.-> are bad, and you 
must not eat them. To live smi- 
))ly is to live happily. Yon may 
lunc the brown envelopes, the 
blue do not Irelong to me. In the 
silent fields he often sits and 
watches the birds upon the trees 
and the glorious sun in the heavens. 
VN'ithout a word he angrily went 
out. One often sees very strange 
houses in villages. They are 
extremely vain, and sit apart from 
us. The dog barks loudly. It is 
thirsty and wants water. Several 
boys wanted to o})en the w'indow. 
The I’cmainder did not apyrrove the 
suggestion, and would not remain 
in the room. To-morrow’^ morning 
we can be found at the hotel witli 
the other gentlemen. 

Key to Exercisc 2. 

La Holdaioj iris tra la stratoj. 
Diinanco, luiido, mairlo, mer- 
krodo, jaudo, vendredo kaj 
sabato estas tagoj de ia sema jno. 
En la nokto la file audis bruon. 
La akvo kaj la snpo bolus. La 
j)atro yiarolis al la soldato y>ri la 
Continued 


afero. La infanoj dancis en la 
cambro kaj la birdoj kantis sur 
la arbo. La generalo liavis 
botelon da vino kaj petis glason 
da akv^o. La cerizoj resfcis sur 
la arbo. Je vendredo kaj sabato 
la patro kaj la frato iris al la 
teatro ymr audi la koncerton. 
Hierau la pastro acetis funton 
da cerizoj, kaj hodiau la filo de 
la generalo vendis botelon da 
vino al la kuzo. Jen estas pipo 
kaj la gazeto. Jen estas cerizoj 
kaj glaso de (or por) akvo. La 
Jeono havas dentojn. La akvo 
restis sur la tablo en la cambro. 
Jen estas amaso da viroj sur la 
strato. La sinjoro kaj la m astro 
audis la bruon kaj parolis al la 
yiastro pri la afero. La filoyidis 
la fraton ce la teatro. tV la 
Koncerto la sinjoroj kantis kaj 
la j)o{)()lo guis la muzikon. La 
})ird() eliris tra la fenestro. 
Ehi la mano la soldato liavas 
bastonon. 

IvEV TO Exerotse 3. 

Mi y^etas glasou da biero kaj 
ydyioii. Yi devas estingi la 
fajron kaj la lamyioii. Mi audis 
la blekojn de la eevalo kaj de la 
safo. Li dubis ymi la afero. 
B()y)atr(). Hofrato. |ja bovo 
ayiartenas al si. Mi y^ovas** 
kanii kaj danci. Jes, sinjoro, 
mi havas cigaron kaj alumetojii. 
Li mem estis en la gardeno. 
Si lielpis min kaj mi dankis Ain 
por la proy)ono. fli donis al mi 
la libron kaj mi disAiris gin. 
Li liavas amikon kaj si havas 
malaniikon. Hi volas mallielyii 
vin. En la villi ro mi logas en 
la domo kaj labora®. fti decidis 
aceti la liorlogon. Yi citis la 
aferon al mi. Homo liavas 
harojn, gorgon, manojn kaj 
koron. La fajro brulas. Vi faris 
al mi proyiunon kaj mi akceyitis 
gin. La alumetoj en la skatolo 
ayiartenas al ni. Mi konas vin 
kaj vi konas min. Hodiau estas 
merkredokaj hierau estis mardo. 
La bofilo restas eii la strato kun 
la kuzo. En la nokto la veiito 
blovis. ^ La leono vundis sin 
(mem). (li blekis kaj faris bruon. 
Adiau, aniiko ; mi volas danki 
vin yior la lielfio. 

(a) Note. The verb following 
ndi, poin, and devi is always infini- 
tive ; even when not actually used 
the infinitive is always imyilied. 
Examyde : 

Vi povas skribi, kaj vi deiHus 
(skrihi). You can write and you 
m list. 
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•XHE superintendent of the lino, or general 
^ HU])erintendent in the case of those com- 
panies wliieh have divided the operating from 
tlie commercial side, is responsible for the 
preparation of the time-tables, both public 
and working. A public time-table, which 
refers only to the working of the passenger 
traffic, is issued twice or thrice a year — the 
summer train service, for the months of July, 
August, and September, and the winter train 
service, which remains in force from October 
1st to June 30th following, though a few com- 
panies issue a third time-table for the months 
of May and June. It will bo easily understood 
that there is a greater volume of passenger 
traffic in the summer, and a greater volume of 
goods and mineral traffic in the winter. 

Time-table WorK. A working time-table, 
which forms the real key to the w'orking of 
the traffic, deals not only with the arrival 
and departure times of passenger trains at 
stations, but also fixes their passing times 
at junctions and stations where they do not 
stop, for the guidance of the staff. In addition, 
it gives the working of all goods, mineral, 
special, and empty trains and light engines ; 
in short, every movement of traffic wffiich 
takes place outside station limits. Can it, there- 
fore, bt‘ wondered that a working time-table 
should be a ponderous volume wffiicli, as a rule, 
has to be issued in parts tor the different sections 
of the system ? The “ heavy ” lines publish a 
fresh wwking time-table each month, and every 
week, or sometimes every day, supplement it 
with addenda lelating to the altered working 
necessit/ated by special trains, duplication ot 
ordinary trains, and the exigencies of the 
engineering department. Some companies make 
u«e of diagrams, which are prepared for each 
section of the iine, showing how^ the engine 
wwking is arranged, the time and speed of 
running, and the intersi'ction of the trains where 
goods and slow passenger trains have to shunt 
for the express trains to pass them. The London 
and North-Western diagrams are drawm to scale, 
wuth perpendicular lines dividing the day of 
twenty-four hours into periods of hours, half 
hours, quarters of hours, and of five minutes ; 
and with horizontal lines dividing the railway 
into sections of miles-chains ; while slanting lines 
are inked in to represent the traffic timed to run 
oyer the line. Thus, the diagram offers a visible 
jiicturc of the state of the line as to its being 
occupied or otherwise between any two points 
at any minute of the day, and with this type of 
di’^gram one can readily detect any abnormal 
speed of a train, wait at stations, length of day 
for the men, or idle time of engines. 


Time - table Conferences. Before a 
time-table is materially revised, time-table con- 
ferences — usually summer and winter — are held, 
which meetings are attended by all the divisional 
superintendents, together with representatives 
of the locomotive department, and presided 
over by the superintendent of the line. Prior to 
the holding of a conference, suggestions for new' 
trains or altered workings have rc'ached the office 
from all parts of the system, and such sug- 
gestions which are invited must be accompanied 
by particulars, specifying reasons, likely ad- 
vantages, and the total increase or decr(*asc ot 
engine and train mileage which ea(‘li changi^ 
would involve. The conference thoroughly 
threshes out these proposals, approving of some 
and rejecting others. Approved suggestions go 
to the general manager and traffic committee 
for ratification, after which the time-bill clerks 
attached to each divisional superintendent meet 
and work up the details, filling in the junction 
and passing times. 

Rectifying Slack Train Working. 

It would be manifestly a herculean task to 
arrange the w'orking of ti-ains on a grtMt Kuhvay 
from the vtTy beginning without some jircsious 
knowledge of requirements and jiossihilitics, 
but as traffic develops gradually the u oi k is \eiy 
much simplified. Ot course, the sujierintendent 
of the line has to ariange his time-table in unison 
with that of a friendly foreign company, and at 
the same time to keep a watchful (‘ve (Ui the 
doings of eompetinti lines, so as to ))e ]jr(‘par('d 
to counter accelerations or new trains which 
might steal traffic from his owm conqiany. In 
arranging for a new' train, the first difficulty is to 
get the others out of the way, and having put iu 
the trunk, so to speak, the second difficulty is to 
feed and run off it by means of local trains, 
connections at junctions, and rail and load 
motor-cars, ete. “Train runners,” or travelling 
inspectors, arc attached to the office ot tlu‘ 
superintendent of the line. If frim the repoits 
that come into the office, either offiei.illy or 
privately, there I e reason to suspect any slack- 
ness in the w'oiking of a train — if a train 
consistently los(‘ time, ora locomotive be thought 
not to lie doing jiruper work — a runner is 
despatched to travel by that tiain in order to 
locate and report upon the mischief. Similarly, 
goods train rumieis are sent out to various 
places to see how the working of the goods 
traffic can be improved. 

Porters, Ticket-collectors and Con- 
ductors. The various grades of the staff 
associated with the working of the passenger 
traffic must now be explained. 
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Porters are divided into platform porters, 
earning 15s. to 19s. per week, luggage labelling 
poiters. vith 18s. to 23s. per week, luggage 
stowing porters, cloak-room porters and parcels- 
post ^rters earning 16s. to 18s. per week, the 
peculiar duties of each being explained by their 
design ation, vith the exception, pi^haps, of the 
luggage stowing class. These latter, v ho are only 
foumi at the gieat terminal stations, are re- 
sponsible for storing passengers’ luggage in tie 
vans \^here it can be most easily handled during 
the journey. For example, the guard must not 
find his Exeter luggage buried beneath the 
Plymouth. Platform porters meeting trains are 
enjoined to attend to the compartments opposite 
to them, irrespective of class. The duties of 
ticket inspectors (358. to 478. per week) and 
ticket collectors (288. to 358. per week) are to 
examine and collect tickets, together with 
excess fares. The best men are selected to 
become travelling inspectors in corridor trains, 
where they are generally expected to act as 
conductors or attendants as well, while in some 
cascv^ they fulfil the duties of junior guards, 
but without the pay of that rank. 

The increase of corridor trains is, in fact, 
bringing into existence a distinct conductor class, 
which must not be confused w'ith that of dining 
or sleeping-car attendants, and w^hich is not 
necessarily recruitod from the ticket collectors. 
Thus, the Great Northern Railway furnishes 

lavatory attendants ” on its “ crack ” trains, 
and the (ireat Western Railw'ay recently inaugu- 
rated the practice of ha\ing male and female 
attendant^ to accompany its Cornish expresses. 
The Great We^tern male attendants do more 
than attend to the lav«vtorics ; their services are 
available for ^alcting a passenger, while the 
female attendants, who wear a kind of nurse’s 
uniform, will chaperone ladies travclhng un- 
escorted, and look alter children while their 
guardians are at meals in the restaurant-car. 

Shunters. Very few shunters are employed 
in tlie pa.ssenger traffic department, as almost all 
shunting of passenger vehicles is performed by 
engines, wdiile the movt*ments demanded of this 
kind of lolling stock are compaiatively few and 
far between. In the working of the goods 
traffic, howc\er, a large army of shunters is 
required, and the duties of the men arc far harder 
and call for greater intelligence than m the 
passenger service. Passenger shunters are 
practically confined to the sheds where the 
trains are marshalled. The grades of shunters 
are as follows : sujierior foreman shunter, fore- 
man shunter (earning 25s. to 38s. per w^eek), 
shunter, and assistant shunter (wages 18s. to 
32s per week). 

Guards. Just as the passenger tram takes 
jireeedence of the goods, so the passenger guard, 
as a rule, takes precedence of the goods guard, 
although not a few among the latter are the 
better off in respect of pay. A guard [43J is re- 
sponsible for the proptT equipment of his train 
before shirting, the safety and comfort of the 
passengers during the journey, and must, after the 
foregoing, gi\e his next attention to the luggage, 
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parcels, despatches, and other packets entrusted 
to him. Mail bags are usually accompanied by 
postal officials ; when they are not, the guard is 
esponsible for their safety. It is not generally 
known that railway companies send their own 
\oluminou8 correspondence, as far as is practk 
able, by rail direct, instead of through the post, 
hence the guards of the night expresses arc also 
called ui)on to act as sorters. 

Duties of Guards. On joining his train, 
every passenger guard must have with him 
his watc'h, whistle, and carriage key, and take 
in his van a red and a green flag, not less than 
twelve detonators, and a hand signal lamp, which 
must be lighted when passing through long 
tunnels, and after sunset and in foggy WTathcr. 
In the event of a breakdown the guard must 
protect the rear of the train by going back for 
a pres(*ribed distance and placing detonators on 
the line. During the journey a guard has a good 
deal of clerical work to perform. Every parcel 
is accompanied by a way hill, which has to be 
checkt‘d, and any irregularity notilied. Then, 
a guard has to keep a journal or “ log ” of his 
train, which furnishes a most important n'cord 
as to proper time Ixung kept, and illustiates a 
vaiiety of other featuios eonceined with the 
smooth and economical w^oiking of the trafifie. 
In his journal he records the actual time of 
.irrival at and deparfure from eveiy stojiping 
station ; the number of minutes late away tiom 
a station ; the time lost, and whether due to 
station, engine, oi signals ; if signals, whether 
they were ordinal y or engineering signal checks ; 
the numlier of caniages, carriage trucks, horse 
boxes, and vans taken on and put off ; tiio 
iiumlier of wheels on leaving station where load 
is altered ; remarks as to detentions at stations, 
and in running ; general remarks, occurrences to 
trains, cjiuscs of delay, and suggestions for 
improvemi'iit of working ; state of weather 
during journey, if wet, wind, frost, fog, or snow, 
between what points ; particulars as to wlietluT 
train was full or empty in each class of compail- 
inent ; the numbers of the engines employed, 
and the names of tlie engmemen and tlie names 
of the junior guards. The journal of every 
through train is sent to the suiierintendent of the 
line or miming superintendent, and that of every 
local train to the projier divisional superinten- 
dent. The journals of the pit'vious day are 
carefully scrutinised every morning, and if th(‘ 
examiner find any delay or occurrence which is 
not, in his opinion, properly accounted for, he 
wires the divisional superintendent in whose 
division it happened for a full explanation. Aii 
improperly explained delay of as little as two 
minutes may involve an enormous departmental 
correspondence lasting for months, till the fault 
be ascertained. For instance, it may bo dis- 
covered that the late arrival of a train at 
Yarmouth was due to a plethora of luggage put 
into a connecting train at Aberystwyth. A copy 
of every guard’s journal is entered in ledgers at the 
office of the superintendent of the line, and so the 
minute history of all and sundry trains on each 
day of the year can be traced bock for years. 
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Grades of Guards. The grades of 
passenger guards are according to the different 
ratings of trains, which classification usually 
comprises (1) through or express trains ; 
(2) main-line stopping trains ; (3) local trains. 
Some companies, or combination of companies, 
like those working a through Anglo-Scottish 
service, have a superior grade of guards, 
who accompany a train, say, from London to 
Aberdeen. These men wear a more elaborate 
uniform, and are dignified with the title of 
“ conductor.” 

Wages and Promotion of Guards. The 

wages of passenger guards are from 23s. to 
40s. per week ; relief guards are paid 27s., pilot 
guards 258. and porter guards 20s It may be 
noted that a guard of a long-distance through 
train is seldom as well off as his wages of 408. 
per week would imply, inasmucli as some 

companies give these men no lodging allowance, 
and they have, therefore, to maintain hat are 
practically tw^o hom(*s, one at each end of the 
line. Some companies, again, provide barracks 
for guards making long journeys. As a rule, a 
man is promoted straight to guard, and 

appointed to the charge of one of the least 

important local trains. But one or two com- 

panies have an intermediate grade in the shape 
of passenger brakesmen, who assist in local 
workings as required. During the holiday season, 
the services of goods guards, with whom it is the 
slack time of the year, are requisitioned to staff 
excursion trains. Two or more guards arc carried 
only on trains which arc heavily loaded with 
passengers, luggage, or parcels. The length or 
intrinsic importance of the train does not aHect 
the question. The business man’s city train 
invaria})ly requires two guards, as one guard 
would not suffice to ensure smart w^orking. Then, 
a train may start with only one guard, and })ick 
up another further down the line. Where two 
guards are carried, woth some companies if is a 
rule that the head guard occupies the rear van, 
and the junior guard the front, while with others 
it is just the opposite, as it is considered that the 
head guard should be in the van next to the 
(‘ngine. Some companies require all parcels to 
l>e placed in the front van, and luggage and mails 
in the rear ; othf^rs, again, order it all to be 
equally divided, as W as possible, throughout 
the train. 

Slip Coaches. “ Slip ” guards have to 
undergo special training, and their duties, 
which call for the exercise of considerable 
judgment and discretion, can be explained only 
by describing the practice of “slipping” 
itself— that is, attaching a carriage to an 
(‘xpress train in such a manner that it can be 
detach(‘d at a station while the rest of the train, 
termed the “ main train,” jiasses on without 
stopping. 'I'lic advantages of the system are 
obvious. Jt allows of “express” journeys to 
many places which are not of sufficient im- 
portance to warrant the stopping of an ex- 
press train. “ Slip ” coaches arc nearly as old 
as the railways themselves. One of the earliest 
lines - namely, the London and Greenwich — was 


worked in the “ down ” direction solely on the 
“ slip ” coach principle. The main train did not 
stop till it reached the terminus ; meantime a 
carriage was “ slipped ” at ever> intermediate 
station. So long as trains were controlled by 
hand brakes in the guard’s van, and on the engine, 
the slipping of coaches required no more com- 
plex apparatus than a special form of coupling. 
However, the adoption of automatic continuous 
brakes has compelled the use of additional 
apparatus, whereby the brake hose can be dis- 
connected without impairing the efficiency of 
the brake power in either the main train 
or “slip” portion. TIkto are two kinds of 
automatic continuous brake in use by British 
railw'ays — the vacuum and the air — conse- 
quently the method of slipping with each differ-' 
somewffiat. However, we will describe tlu* 
process as carried out by a railway employing 
the vacuum brake. A “slip” coach is a tn- 
composito carriage, with a slip eompartm(‘nt 
at each end, equipped with a hand brake, a levet 
opi^rating the slip eouj)ling, a brake indicator, a 
brake setter valve, and vacniim guages. The 
main train is coupled to the “slip ” coach by means 
of a special coupling hook [ 54 ], the jaws of which 
are released by pulling over the aforesaid lever. 
Underneath tlie latter is a diaphragm which, 
w’hile a vacuum exists throughout the train, 
locks the lover. At the last stopping-place, a 
slip coupling cock is attached to the brak<‘ 
hose at the point of severance, and its handle is 
turned to the left, in which position the passage 
is open for the maintenance' of a vacuum through- 
out the train. The switch of the vacuum brake 
indicator, (jontained in a little bracket table, is 
also turned to the left, so that the indicator 
displays a shutter inscribed in red letters, 
“ Wrong to slip.” 

Slipping a Coach. From one to three 
miles awMV from tlie slip])ing point, the “slip" 
guard leans out of his end window fSGl.uid piilU 
a cord which turns the handle ot the “slip" 
eou})ling cock parallel with the hose. H(' next 
turns the switc’h of the vacuum indicator in the 
same direction. I^he result of these two opera- 
tions is that the “ slip ” portion now forms a 
s<‘parate and self contained unit. The vacuum 
brake, as controlled from the engine, ends with 
the tail coach of the main train, while the sli]) 
})ortion has retained a residuum. Still, the sli]> 
coupling cannot be released, as there a third 
vacuum holding down the dia])liragm. Just 
before' reaching the slipping ])oint, which must 
be judged to a nicety, the guard lifts the handle' 
e)f the brake setter valve — a sliai]) hiss, and the 
vacuum locking the diaphragm is destroyed, 
while, at the same time, the indicator displays 
a fresh shutte'r, inscribed in w hite letters, “ Kiglit 
to sJi]).’’ 4’hen, at the right place, the- slip 
guard pulls ovw tlie lever, wheiviipon the jaws 
of the coupling hook open, the brake hose parts 
at the joints, and the train is lunnii’g in tw-o por- 
tions [ 42 ]. With the London and North-Western 
Railw’ay all the operations of “slipping" arc 
accomplished more simply by means ot a 
pneumatic apparatus. 'Ihi' rear guard of the 
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main train and the “ blip ” guard exchange signals, 
with green flags or lamps, to indicate that the 
“ slip ” has been satisfactorily effected. The 
momentum of the “ slip ” portion is checked with 
the hand brake, for the power stored in the power 
brake is reserved for use in case of emergency. 
The Board of Trade regulations prohibit 
“ slipping in a fog, and the com])anies’ rules 
enjoin the “ shp ” guard to see that the “ distant ” 
signal is “ off ’ bt'fore he slips. At night a 
slip portion carru's a head light and also special 
tail lamps to distinguish it from those of the 
main train. 

Responsibilities of the Stationmaster. 

Stationmasters arc answerable for the security 
and protection of the office and buildings and 
of the company’s property there. They are 
responsible for the general working of the station, 
the control of the staff, and the economical use 
of stores. They must take care that waiting- 
rooms, offices, platforms, and name-plates are 
kept neat and clean, and must also sec that copies 
oi the company's bylaws. Carriers’ Act, list of 
fares, statutory and other notices are kept 
projierly exliibited. At important stations the 
stationmaster attends only to the passenger work, 
and is {U'countable to the superintendent of the 
line, vhile his confreie, the goods agent, is re- 
sponsible for the goods A\()rki^ig, and comes under 
the control of the goods manager. There are 
stations of such lit' im})ortanee that the station- 
master is the only servant employed thereon, 
and acts as porter, parcel clerk, signalman, etc., 
as well ; nevi'rtheless, he ranks as a third-class 
stationmaster, and is uniformed accordingly. 
Second and third-class stationmasters are weekly- 
paid servants (wages 25s. to 47s.), A^ho have risen 
from lad porttTs ; while first -class stationmasters 
receive salaries, and, as a rule, are selected from 
the clerical staff. Lastly there is a specially 
high grade of stationmasters in command of 
the great terminal stations. Some companies 
mnke all their stationmasters except the last- 
named (who are ex]x*cted to w'car frock-coats 
and top hats) wear complete uniform. Others, 
however, confine the wearing of comjilete 
uniform lo the second and third-class grades, 
first -cl :iss men being allowed to don mufti, though 
they must '^^ear an official caj), while they garb 
their stationmasters-in-chief in an elaborate 
unifomi. 

The stationmaster of a London tenninus is a 
very imjxirtant official, and when a man has 
risen to lliis lieight the chances of his ultimately 
attaining one of the plums of the railway service 
are jiretty well assured. 

Traffic Inspectors. Broadly speaking, 
inspectors are divided into chief inspector, 
divisional inspector, inspector or sub-inspector, 
assistant or platform insjit^ctor. 

The chief inspector is the divisional superin- 
tendent's right-hand man, for safe traffic work- 
ing first, and for appointment and preferment 
of the staff secondly. With some companies he 
ranks as head of the weekly-paid staff ; arranges 
all the duties of that staff, together with their 
annual leave, and when the engineering depart- 

4806 


ment requires occupation of the line, the arrange- 
ments are made through him. In any case, the 
chi(‘f inspector is constantly about the line, 
making suggestions and conveying instructions 
with the authority of the superintendent of the 
line or general superintendent behind him. He, 
too, is among the officials who accompany 
Royal trains. The next grade of inspector may 
be either divisional inspector, responsible to the 
divisional superintendent, or sub-inspector, in 
charge t>f a district, earning from 35s. to 47s. 
per week, and responsible for all detail work 
under the chief inspector. The assistant or 
platform inspector (wages 32s. to 50s. per 
week) is the stationmasUir’s deputy at every big 
station. Under the stationmaster he is re- 
sponsible for the time-kc'cping, good order, and 
cleanliness of the station staff, for the prompt 
despatch of trains, and for the loading and 
unloading of luggage and parcels. 

Train Formation. The stationmasters 
are responsible for the proper make-up of 
pass(*nger trains, although they have to delegate 
their responsilfility. Through passenger trains 
are marshalled in the caniage sidings or sheds 
attached to the starting f)lafe of such trains. A 
programme is prepared showing the fixed 
formation of eveiy train — tliat is, the nural)cr 
of coaches, the class of coaches, the number 
of compartments, the lavatory accommoda- 
tion, dining or sleeping ears, post office or 
parcels vans, milk triu'ks, horse-boxes, etc. ; 
betw'ccn what points each coach works, whai 
veliicles are to be picked up or taken off 
on the journey, and what special vehicles are 
to be run on certain days of the week. But 
the programme does more than this. It shows 
how (‘ach of the coaches is balanced on the 
return journey. Only local trains run through 
intact to their destination and return in 
similar fashion ; whereas through trains soon get 
split up. Therefore it is necessary to work out 
how each vehicle returns, and to state the hour 
wfficn it is due back. Trains must always bo 
formed in tlie order shown in the programme in 
order to determine the places on the platforms 
wheie the luggage and parcels are held in 
readiness. 

Before a train leaves the carriage sheds the 
gas reservoirs and lavatory tanks must be 
filled, clean tow^els and fresh soap placed in the 
lavatories, tail and side lamps put on, screw 
couplings, steam heating pipe, brake hose, and 
communication cord properly fastened and 
arranged, and the gas lighted (except in the 
case of trains electrically lighted) on the by- 
pass if it is a night journey, and in the case of 
a day journey also if there are any tunnels. 

Communication between Passenger 
and Guard. By the Board of Trade regulations 
every train that travels for a distance of 20 miles 
without stepping must be provided with a means 
of communicjation between the passengers and 
the guard. For many years this took the form of a 
cord running under the eaves of the carriage, 
wLich was wound up at the end of the train upon 
H drum in the guard’s van, and at the other was 
aitaelied to the handle of a special whistle on 
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the locomotive. The notice ran : “ To call the 
attention of the guard or driver, passengers must 
pull down the cord. There nre cords on both 
sides of the train, but that on the right-hand side 
in the direction in which the train is travelling is 
the one by which alone communication can 
be made.” Imagine, as a writer pointe*d out, 
the nervous girl, or even the average, self-pos- 
sessed male, in the moment of danger sufficiently 
collecting his or her thoughts to remember which 
was the right cord to pull, let alone the difficulty 
of reaching out to get at it. The southern lines 
were the first to improve upon the system. 
They adopted the principle of having two electric 
wires running through the train like two sides 
of a ladder, which are joined together in ea^*h 
compartment by a rung that is broken in the 
middle. Draw out the bell-pull in any com- 
partment and the broken rung is instantly 
mended, the circuit closed, and a bell in the 
guard’s van starts ringing. The awkw^ard and 
inefficient cord communication is now a relic of 
the past During the last tw'o or three years the 
companies that formerly used it have adopted 
a standard train signal, wdiich consists of a 
valve, with a small passage that forms a 
whistle, and a rod passing through the valve to 
each side of the vehic le, and having a red disc 
attacdied to both ends. Near each end of the rod 
is also attached a lever, to which is connected 
one or two chains, usually two, which pass along 
the inside of the carriage immediately over the 
windows and doors of the compartment. The 
pulling of either chain by a passenger wdll be 
followed by a gentle ap})lication of the brake 
and the wdiistle being sounded. At the same 
time the red discs change from a horizontal to a 
vertical position, and so indicate to the officials 
the carriage trom which the communication has 
l)ecn made. 

Train Working. The cleaning of carriages 
after a journey, and filling the axle-boxes 
with oil (for oil-boxes have almost everywhere 
superseded grease in the case of passenger 
rolling stock, and are now being lilted to 
the fast goods trains), devolves upon a clean- 
ing staff, which, as a rule, comes under the 
locomotive and carriage department. Every 
I)assenger carriage at the end of a journey is as 
thoroughly clccincd both outside and in as time 
wull permit — the floors washed, carpets shaken, 
cushions dusted, ete. At important centres 
the vacuum cleaning process is used. An 
ingenious apparatus for cleaning the exterior 
of caniages by machinery has been adopte^l by 
a few companies. This is a shed [49J, inside and 
on ejich side of which are vertical roller brush(*s, 
together with pipes spraying water. The com- 
plete train, dirty and travel -stained, is drawn 
through the shed at a speed of 4 miles 2 >er hour. 
Directly the engine has passed through, the 
brushes, which are fixed to rocking arms, S 2 )ring 
forw'ard and lightly grip the carriages. A spray 
of w^ater from a perforated pipe issut's in front of 
and Ijehind each brush. The brushes rotate at 
high sjK'ed, just like the matdiine brushes em- 
ployed by hairdressers, being (‘onnected by 
shafting to the flywffie(‘l of a small gas engine, 


and geared like a bicycle with chains and 
sprocket wheels. A pair of small pilot* brushes 
takes the window in hand, while the remainder 
scrub the entire woodwork, from the eaves of the 
roof to the footboard. The apparatus cannot be 
relied upon to remove grease, to get rid of w hich 
a carriage must l)e oil cleaned or washed with 
soft soap once a week, but it does everything that 
can be expected of cold water, and as a time and 
labour-saving arrangement gives satisfactory 
results. Before making a journey, all passenger 
rolling stock is inspected by train examiners, who, 
if they find any defect which does not afifect the 
safe running of the vehicle, affix a green-coloured 
“ For Repairs ” label, while if the vehicle is found 
to be so badly injured that it cannot be used, a 
red “ Not to go ” label is attached. Another 
class of examiners are employed in tapping the 
wheels with long hammers for the purpose of 
discovering frac'tures. Train-examiners and 
wheel-tappers belong to the locomotive aril 
carriage departm(‘nt. 

Refinements of Station Working. 

In conclusion, a few lines must be devoted to 
several interesting refinements whicli have 
recently been adopted for smoothing the 
way for passengers. Information bureaus are 
being opened at the principal termini, Avhere the 
prospective traveller may obtain gratis all the 
information he needs. The London andNortli- 
Western Railway has introduced a novelty at 
Euston Station in the provision of a wiiting-room 
for the convenience of passengers. I’here are 
facilities for correspondence, including a staff of 
typewriters, and for using the l(‘lei)hone. Pass- 
engers can have letters, telegrams, and messages 
addressed to them licre ; and a private loom can 
be engaged for interviews. Train indicators have 
long been used to denote the res 2 )ec‘tivc plat- 
forms from which the difl(Tei)t trains depart, and 
to enumerate the principal places served by the 
latter ; but arrival indicators are a new feature. 
The latest kind of arrival indicator is electrically 
operated. It tells one the time each train is 
due, the numl>er ol minutes it is late, the names 
of the principal stations at which it has called, 
and the number of the platform AAhere it will 
1)0 berthed. 

Train Lighting. Imiwvcmcni ^ ol a 
revolutionar}^ character in the lighting of 
trains have come to pass during the la^^t decade 
or so. Most of us can remember the primitive 
vegetable-oil lamp, now happily a thing of the 
past. This was the earlie^st method of lighting 
railway carriage's, and although it formed .i 
byword of rejiroach on account ot its h*ehl(‘ 
illuminating powers and general filtliincss, 
wdiile it entailed the employment of a specail 
staff of lamp men, a very long period elapsed 
before anything bettor was devised. Com- 
pressed oil gas is now the standard illiiminant 
for railway carnages. 

Every railway company has its own oil gas- 
works, and the gas is conveyed from the works to 
the sidings, wdiere the carriages ai'e charged, iii 
mains, to which valves and eonneeting hydrants 
are attaehed at suitable ])laees The stor.ige 
cylinders, which hold about 1(K) ft. of gas and are 
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fixed to the under-framing of a carriage, are 
charged from the mains by means of flexible 
hose. However, gas cannot be consumed under 
the high pressure in which it is made, but 
has first to be passed through a regulator, 
which reduces the 150 lb. pressure to 1 in. of 
water, and admits gas at the same rate at which 
it is consumed in the single or duplex hat-flame 
burners. Each jet can l>e regulated, or all the 
jets in a carriage turnt'd ofl' or allowed to 
bum on the bypass by turning a key at the 
end of the carriage, while each carriage has 
a pressure gauge to indicate the pressure in 
the cyUnders and the state of tlie supply. 
Non-“ gassing ” stations receive their supplies 
from travelling gas tanks. Experiments have 
l>een made with acetylene gas, but in this 
country they have not proved very successful. 
At the time of wTiting, trials arc in progress with 
incandescent gas and suiall, inv^erted burners, 
and several companit's already have carriages 
so fltUKl oxpi'riineiitallv. 

Electrical Train Lighting. Although 
oil gas is the standard rnethexi of lighting railway 
carnages, a large numlx^r of trains is lit 
electrically. There arc at least three methods of 
electric tram lighting — namely. (1) lighting 
entirely by accumulators : (2) lighting by one 
dynamo for an entire train ; (3) lighting by 
one dynamo fitti'd to each carriage. The two 
latter methods entail the employment of 
accumulators. 

The third —namely, that of a separate dynamo 
and accumulatoi’s for each carriage — is the one 
which has been practically acceptixl as the 
standard method. The dynamo for generating 
the current is suspended from the under- framing, 
and its pulley is driven dire<‘t by a Ix'lt from the 
pulley on one of thi* axles. As the lamps must 
i>e supplied at constant pri'ssure, it is nece.ssary 
to ])ro\ ide means to maintain the voltage of the 
dynamo constant over a w'id<‘ range of train 
spf'od. This is usually aceom])lished as follow\s: 
After a certain limit has been reached, the 
dynamo always rims as at uniform speed and 
produces the same voltage, no matter how much 
the speed of the train may vary, which result is 
achieved by a compensating device attached 
to the dynamo. When the train is travelling 
very slowly, or is stationary, the lamps are fed 
from the acciimiAitors alone, which are auto- 
matically connected to the dynamo by nutans 
of a mechanical governor. The accumulators 
are divided into two parts, each half acting as 
a regulator to the other, and, being always in 
connection with the lamps, the light remains 
}>erfcctly steady. We are far from suggesting 
that the foregoing system represents finality in 
electric train lighting. Although this method of 
illuminating carriages by means of the energy 
of the moving train is in the abstract quite 
perfect, in practici* the problems involved in its 
completely successful realisation are many and 
intricatc‘, and are far from having been solved. 
Already rival systems are springing up, in which 
no attempt is made to control the speed of the 
dynamo, but tlic dynamo output itself is 
regulated to conifK'nsate for the conges in the 
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speed of the train. Electric train lighting is, in 
fact, a very big subject, and is likely to occupy the 
attention of electrical engineers for many ye^rs to 
come. However, it cannot be denied that the 
system described has succeeded in producing 
an efficient and economical light, while it also 
provides a ready source of power on a small 
scale for actuating bells and cooling or ventilating 
machinery in the carriages and restaurant cars. 
When trains are electrically lighted the guard is 
responsible for switching the current on and ofl*. 

HMting of Carriages The h<'ating of 
carriages forms another phase of work associated 
with the comfort of the travelling public upon 
which much skill and ingenuity has recently 
been brought to bear. The rudimentary 
apparatus that long held the field was the 
foot -warmer — an oblong tin filled with wattT 
through an orifice, which was then hermetically 
sealed, and the warmer placed in a boiler until 
the water was heated. Like the vegetable oil 
lamp, this cumbersome apparatus necessitated 
setting aside a special staff of men to fill, heat, 
and distribute. Eventually it was realised that 
an efficient, simple, and economical method of 
heating could only be achieved by mechanical 
means. 

Mechanical heating was first introduced into 
this country from America about the same 
time as Pullman cars (45] by the Midland and 
Brighton companies, the system being that of 
high-pressure hot -water pipes, fed from a boiler 
heatt‘d by a coke stove. This method is still 
emjiloyed in not a few sleeping ears, but, as 
it requires the constant attention of an attendant 
it is unsuitable to an ordinary train. 

Rival Methods of Steam Heating. 
The two diff(‘rent methods of train heating 
which are standaid at the present day are 
direct steam heating and dry steam storage 
heating. The former requires but a brief de- 
scription. A jiipe runs throughout the train 
containing exhaust steam from the locomotive. 
Dry steam storage heating, which is more 
elaborate, is managed as follows. The steam 
is taken direct from the boiUir of the locomotive 
and passed to each carriage of the train by means 
of a main steam pipe. From the latter it passes 
through a branch pipe to a series of storage 
heaters, one of which is found bemeath each 
s(‘at. A storage heater compris(‘s a wrought-iron 
boiler tube, closed at both ends, and filled to 
seven -(‘ighths of its capacity with a strong 
solution of brine. The steam is thus brought into 
contact with the interior tubes, whereupon the 
brine contained in the latter absorbs a part of the 
heat, whicli is then gradually given off at a lower 
temperature than would be the case with any 
method of direct steam heating at similar 
pressure. 

A regulator affixed to the back or side of the 
compartment permits of a passimger shutting 
off the* heat or re-admitting it as desirc'd. These 
heaters require no repairs ; the strong solution 
of brine, of course, is proof against freezing, 
while the special form of steam pipe coupling 
between coaches is unfreezable, afisolutely 
steam-tight, and uncouples automatically when 
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any two carriages are drawn apart. In order to 
obviate the discomfort of entering cold carriages, 
arrangements are made for heating trains at 
terminal stations before the engine couples on. 
A stationary' boiler supplies steam to a main 
running alongside the platform, and this main 
is temporarily connected to the carriages at one 
or more points by means of flexible hose. 

One company — the North British— have 
adopted a combination of the old foot warmer 
and steam heating systems. Fixed foot wai’iners, 
charged with acetate of soda, have high-pressurt‘ 
steam turned into them from the locomotive 
while the train is stopping at a station. 

Electrical Heaters. Lastly, electrical 
heaters are occasionally met with in dining 
saloons. The heaters are compact in form ; then' 
is nothing of a combustible nature used in their 
construction, and a free circulation of air against 
the kciated wires is provided for. The heaters 
are fed from accumulators, which in turn deriv't* 
their current from the dynamos, driven by 
belts attached to the axles. 

Sleeping Cars, Although there is in 
this country of .diort -distance journeys nothing 
approaching the same extensive field for it^ 
employiiK'iit as exists in America and on 
the Continent of Europe, the British sleeping 
car is the most eomfoi table, the iK'st equipped, 
and also the cheapest in point of the additional 
fee demanded for its use in the world. At 
present, sleejiing accommodation is limilt'd 
to first -class }>as.sengers, w'hich is the rule 
almost everywhere, but it would not be surpris- 
ing if we were soon to find an extension of 
such faeilitii'S to second and third-class travel. 
All improved jiattein of corridor sleejiing ear 
has long been tht“ standard on Bi’itish raihvays. 
The ear is divided into a number of stat/C-rooms 
[44 1, enten'd from the corridor. These rooms, as 
a rule, hold one berth — never more than two — 
some being convertible into oiu‘ or two Innlded 
compartments. Tht' berths are arranged trans- 
versely, wdiicli position has been found to yield 
greater comfort than the longitudinal. Up])cr 
berths, unpopular and rarely occupied, ha\c 
quite disappt'^red. The bed is no shake-down 
affair, for its furniture comprises mattress, 
blankets, linen sheets, rugs, pillow', and bolstm*. 
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Each berth compartment has its own washing- 
stand and other toilet fittings. TTie London and 
North-Western Company’s latest sleeping ears 
158] are 65 ft. 6 in. in length, and carried on 
two six- wheeled bogies. They are electrically 
lighted, steam heated, provided with eleetrie 
bells, a lavatory at each end. a buffet, from 
which tea, coffee, and mineral waters are served, 
and a smoking compartment, while a supply of 
hot, water is among the toilet refinements. 


Notwithstanding their great weight — namely, 41 
tons — they can accommodate only eleven occu- 
pants, each of whom, therefore, accounts for 
some tons of dead w eight. Prior to lfK)3 the 
supplementary fee for all this luxury was Imt 
58. over and above the ordinary first-class fare. 
In that year, however, the Northern companies 
raised the fee on the longer journeys to 7s. 6d. 
When a ear arrives at a terminus earlier tlian 
8 a.m., the occupants may remain in it until 
that hour. 

Staffing and Stocking. A service of 
sleeping (Virs is managed by the superintendent 
of the line, uhile the carriage departmimt is re- 
sponsiblt' for pre})aiiug tht* car.N for the road, 
washing and mending the bed furniture, etc. 
The stock of bedding kept by the North-Western 
Company comprises: LfM)8 mattress(‘s, 4,868 
mattress covers, 4,647 sht'cts. 2,267 rugs, 2,841 
pillow's, 8,081 j)illow -eases. There are special 
halls at Willosden [501, 'V'here the bedding is 
kept aired and sorted r(*ady for use*. Every 
ear is in eliarge of an attendant or conductor 
(wag<'s 25s. per week), uho attends to the 
comfort of passengers. He cU'ans then* boots ; 
brushes their elothob ; takes charge of their 
tickets and collects excess fares, so that their 
rest may not be disturbed ; ser ves them with 
tea or eoffi'e, which he prepares in his pantry ; 
and regulates the heating and vr'iitilation of 
th(' ear. The position of sleeping ear attendant 
is a coveted post, for naturally it carTies witii 
it perquisites in the way of tips. Only thoroughly 
intelligent and cleanly men of unimpeachable 
character ar’c selected for- the work, and, broadly 
s])eaking, they ar(* promott'd from among tlu' 
ticket collectors and head porters. The inmates 
of a car generally look to the attendant for 
help and advict* conerTning therr journeys, 
hence, the latter must be well acquainted with 
the time-tal)l(‘, and able to display an inteliigent 
interest in tlie travelling affairs of lliose under 
his cliar’ge. For the bem*iit of tliose who are 
unable to afford the luxury of a '•* sleeper, ’ 
pillows and rugs may he hired from the (‘ompan\ , 
as showTi in 51. These* articles are trundled 
about the jilatfonn in glass-covered barrow’S, so 
as to ensure perfect cleanliness iM'h ire issue. 

The Travelling Restaurant. Dining- 
cars were given to the world by America. 
As might be expected, their introduction has 
been largely responsible for tlie increased weiglit 
of trams. ('ars range from (>6 ft. to 70 ft. 
in length, and w'cigh from 35 tons to 40 tons. 
The small compass w'ithin which a host of 
articles in eveiyday use is carried on board ship 
is constantly quoted, but a far more rt'rnarkablo 
system of stow'age is observed on board a dining- 
car, wlH*re also the risk of breakage is greater. Tlie 
kitchen and pantry take up about a quarter 
of the length of the ear, and from these confined 
premises a train like the Scotch express is some- 
times called upon to serve 200 luncheons, 150 
teas, and 200 dinners, all w ithin the space of time 
of 8^ hours. The early kitchen-ears w ere equippec 
w'ith coal-stoves. These were subsequently 
superseded by gas-stoves, while the hatterie de 
cuisine comx)rist*s a gas-grill, ovens, refrigerator. 
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plate -heater, earving- table, cupboards, sinks, 
and separate boilers for washing-up and for 
making tea. 

Organisation and Staffing. The din- 
ing-car business has now^ attained such vast 
proportions that it necessitates the employment 
of a special organisation and staff. Most com- 
panies place the management and catering of 
the cars under the chief of the hotels and refresh- 
ment department, while one at least has a special 
officer who, although he drawls many of his stores 
from the hotel department, otherwise works 
independently of the latter. Under 'the hotel 
chief is a salaried officer who acts as maitre 
d’hotel to the dining-cars. He may be seen 
inspecting the cars before a train starts, to satisfy 
him‘^elf that all is in order. The staff of a car 
consists of page attendants, second attendants, a 
head attendant or conductor, a kitchen porter, 
a carver, and one or tw'O cooks. The staffing of 
the cars may be described as an Englishman’s 
job. Without exception, the companies refuse 
to engage foreigners to W’ait upon passengers, 
Avhile some give preference to English cooks. 
Uadh are taken as page attendants betw^een 
the ages of 14 and lo, and if they give 
satisfaction they are certain to lx?come head at- 
tendants in time. Adults are also engaged as 
attendants, but the choice of such is practically 
limited to men w’ho have been waiters in the 
company’s refresh nent rooms or footmen or 
butlers in private families. Railway directors 
are deluged with applications from private 
servants, especially those w’ho have married or 
who are contemplating matrimony, as this 
coveted po.st enables them to settle down. 

The head attendant or conductor is responsible 
for the provisions, w^hich are invoiced to him, 
also for all stores, wines, etc., while the service 
stalf generally is charged with the cleanliness 
of tlic cutlery, linen, and plate. 

Provisioning. The provisioning of cars 
is .irranged for at terminal and important 
intermediate stations. Broadly speaking, the 
food is cooked on the train, but prepared before- 
hand. Thu«, soups and sweets have only to 
be heated up, whereas fish and joints have to la* 
cooked while the train is travelling at full s}>eed. 
The (ircat Central procedure is to have all the 
food brought aboard direct from the vendors — 
the fish from the fishmonger, the game from the 
poulterer, and so forth — and handed over to 
the dining-car chef direct. At Euston you may 
see an array of culinary offices, under the suiier- 
vision of a chief chef, who draws up all the menus 
for the day. In one kitchen sweets and soups 
are lieing prepared ; in a scullery vegetables 
are b(*ing washed ; in a larder joints are being 
cut up and fish prepared ; in a still-room 
groceries, pickles, cheese, and fruit are being 
made up into parcels ; and in a linen-room 
maids arc checking linen home from the w^ash, 
and m *nding it. All the comestibles for each 
car, together with a separate package containing 
tablecloths and napkins, are packed in a large 
hamper, which has just been steam scoured, 
and despatched to the proper train. Dining- 
car cooks form a distinct class, which has come 
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into existence during the last fifteen years. 
A cook wliQ joins without experience is sent for 
a week or so up and down the line in company 
wuth an old hand to learn his business. 

At the end of a journey a car is gassed and 
w^atered by the carriage department, which is also 
responsible for cleaning all parts of it except the 
kitchen and pantry, this latter task being the 
duty of the car'^staff. Some companies have 
very stringent rules relating to the removal 
of any food over, the penalty being instant 
dismissal if so little as the tai\ of yesterday’s 
sardine be found in a car on the following morning. 
The washing of the soiled table-linen some- 
times falls to the carriage department, and some- 
times to the hotel department. By aid of the 
invoice system it is possible to ascertain exactly 
how each car is paying. Dining-cars are now a 
profitable enterprise, b^ut they are not run with 
the idea of making big profits, the management 
being quite satisfied if they just pay their way. 
Most companies now serve a la carte refreshments, 
except during the service of meals. 

Refreshment - room Catering. The 
majority of railway companies have taken over 
the ownership, management, and catering of 
all station refreshment rooms. In doing so 
they have been actuated not so much by the 
desire to establish a fresh source of revenue 
as to study the comfort and convenience of 
passengers. It was found that private ow^ncr- 
ship sometimes led te abuses. It goes without 
saying that the management and staffing of the 
ref reslimcnt -rooms is a large business of itself, but 
as it cannot be said to form a part of the railway 
industry proper, it need not be described. One new 
and welcome feature may, liowever, be noted. 
The spread of restaurant -car facilities, perhaps, 
i)as pampered the travelling public ; at any rate, 
the more enterprising companies have come to the 
conclusion that, in the case of non-restaurant- 
car trains, it is good business to bring the 
l efreshment counter to the doors of the carriages, 
and so obviate the necessity of asking persons 
to leave the train and walk a few yards. The 
travelling refreshment stalls [38] inaugurated by 
the Midland do this. Equipped with boiler, urns, 
and ice- safe, they perambulate the platform, and 
serve out tea, coffee, soup, ete., freshly made. 

The Advantages of Rail Motor-cars. 
The employment of what are called rail rnotui - 
cars is a very remarkable development that has 
taken place on British railways during the last 
few years. From the outset the enterprise was 
attended by such marked success, inasmuch as 
it at once proved its ability to solve so easily 
some of the problems of the traffic manager, 
that at the present time there is scarcely a 
railway of importance which has not adopted 
this new type of vehicle containing its own 
motive power. 

The idea of rail motor-cars is that they furnish 
better accommodation, and secure more econo- 
mical results in working the passenger traffic under 
certain conditions, which may be enumerated as 
follows. First, in the case of suburban traffic 
wdiich encounters competition on the part of 
electric tramways, the rail motor-ear enables 
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a railway company to afford facilities for cheap 
and rapid transit during those periods of the 
day when tlie number of passengers to l>e 
carried does not warrant the running of heavy 
engines and long trains, these latter being 
reserved to meet the stress of the morning and 
evening traffic. Secondly, where rural branch 
lines are concerned, the rail motor-car can be 
used to till a void l)y giving a far more frequent 
service than it would pay to do by means of 
ordinary trains, Tlie general manager of a rail- 
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way company largely employing such cars for this 
particular purpose states that the cost of running 
a rail motor-ear as compared with a train is as 
5jd. for the former per train mile, as against 
Is. .‘Id, for an engine, with four coaches, per train 
mile. By means of rail motor-cars, therefore, 
both the railway company and those residing 
on blanch lines benefit, A\hile as the cars can 
also be used to stop between stations, at level 
crossings, and at other places where roads are 
close to the railways, they give access to districts 
which formerly laboured under the disadvan- 
tage of being situated some distance away from a 
station. These intermediate stopping-plac(‘s are 
callc'd “ halts,” and it is necessary only to 
furnish them wdth a low platform and a small 
waiting room. 

Different Patterns of Cars. It is not 

possible to describe all the ditlerent patterns 
of cars now in use on the ditlerent rail- 
w^ays, but the principal points of distinction 
betweim v^arious tyjx^s may be touched upon. 

Fibm the road automo bilist’s standpoint, tlu‘ 
term “rail motor-car” is, how^ever, somewhat 
of a misnomer, as it gives him the impression 
that these cai's are Ojierated with an internal 
combustion engine, consuming petrol, whereas 
tlu'ie are onl} two or three instances of this latter 
kind of engine being adapted to rail motor-ear 
work. At present the vehicles are divided into 
three classes, inz., (1) steam-operated ; (2) petrol- 
electric operated ; (3) petrol-operated, by 

means of an internal combustion engine. The 
sum total of the two last types numbers about 
half a dozen, w’hile there are several hundreds 
of steam -propelled ears in service. 

Common Characteristics. A steam- 
dri \ on rail motor-car combines on one 
frame an engine and a passenger ear of 
moderate seating capacity, the total length of 
the vehicle varying between about 55 ft. and 
70 ft. The car is carried on two four-wheeled 
bogies, that at the trailing end being usually a 
standard passenger coach bogie, and the other 
forming a four-wheeled outside-eylindered loco- 
motive of small dimensions. Sometimes the 


locomotive is complete in itself (69J when de- 
tached from the car frames, and may, if 
required, be run sc‘parately for shunting pur- 
poses, which arc almost indisf)ensablc in railway 
working, while in most other cases the engine 
bogie is detachable [39], and the boiler and 
chimney can pass through an end door, in order 
that a defective engine can be replaced. The 
engine can alway^j be operated from either end 
of the car, by means of a duplication of the 
stopping and starting apparatus, whistles, 
vacuum, steam, and 
hand brakes ; for 
the essence of a rail 
motor-ear is that it 
can be worked as a 
shuttle — that is, 
without having to 
be turned round in 
order to keep tlu* 
engine foremost. A 
spec'ial arrangemcml 
})rc)vide8 that the vibration from the engine body 
is not transmitted to the body of the car. 

Types of Boilers and Valve Gearing. 
There arti several different types of boileis 
— namely, a smaller pattern of the ordinarv 
locomotive type of Ixuler, wdth or without a 
Belpaire firebox, and carried horizontally ; a 
vertical multitubular boiler, which kind is the 
most popular : and a novel generator of the 
vertical type 1401 — namely, Cochran’s patent 
>>oiler. This Iasi possesses a minimum of 
joints and w(‘lds, and has no rivets or wielded 
joints in actual contact with the fire. Th<‘ 
t(‘ature, hov\ever, which takes pre-eminence is 
the facility that is adorded by the boiler design 
lor obviating internal sealing. Scale formation is 
an importani lactor in the life ot any boiler under 
all and sundry (*onditions. Failure by burnt 
plates or tubes, and consequent early scTaping ol 
boilers, generally arisrvs from inability to get at 
the intt'i'ior so as to clean etfeetively. The acces- 
sibility of all parts of the ('ocliran boiler for the 
latter purpose forms its chief claim to considera- 
tion. Sometimes the valve gear is worked by 
ordinary eeeenlries, w hi eh are lit ted on the driv ing 
axle instead of on the frame, and which actuate 
the valves on the top of the cylinders by means of 
a rocking shaft from ordinary link motion. More 
often, how'CNcr, the cylinders are aetuat(‘d by tin* 
WaJsehaert valve gear. Sufficient waiter is carried 
for the sei viee in a tank or tanks placed below' 
the carriage body, and there is also room for a 
su})p]y of fuel in the motor eompartmiMit oi 
t'Isew'here. 

Arrangement of the Carriage. The 

carriage itself is divided into two or three 
saloon-like passeng(‘r compartments [52], a 
guard’s and luggage eompartimuit, and a driver's 
eompartuK'iit at the o[)posite end to the engine- 
room, all having corridor communication ; while 
the entrance to the (‘ar is generally effected 
by gangways fitted with collapsible gates. Elec 
trical communication or speaking-tubes arc 
furnished l>etween the driver’s and guard’s com- 
partments. For eonvcnicnee in stopping at 
“ halts ” at which no platform is provided, then^ 
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are steps on each side of the car, which can be 
cither covered by hinged flaps when the car 
tlraws up at an ordinary platform, or swung back 
to the width of the ordinary footboard by a 
lever. With some cars the outward movement 
of the steps opens a valve in the main vacuum 
pipe, and so prevents the car from starting till 
the steps are locked in running position. 

The North Eastern KaiFway employs a few 
j)etroheIectric autocars [ 41 ], with which the 
generating power is a four-cylinder petrr)! 
('iigine, 80 that drives a dynamo direct, 

^vhich, in turn generates c*urrent for four motors, 
one on each axle of the vehicle. 

Petrol Cars. The only purely petrol- 
propelled, internal -combustion engined cars are 
found on the Great Northern and London and 
Brighton and South C'oast Railways [ 46 ]. These 
vehicles are much smaller than any of the steam 
and petrol-electric cars, being only 34 ft. fl in. in 
l(*ngth, weighing 11 tons, and l)eing carried on 
four wheels. The motive-power consists of two 
four-cylinder petrol engines, w’hich drive both 
axles, v'hile provision is made for two speeds in 
either direction. There is a driver’s compartment 
at each end. 

“Trailers,” The seating capjwity of a 
steam rail motor coach varies according to its size 
from 50 to 04 passengers. The more powerful 
cars [ 47 ] are capa^do of hauling a “ trailer ” coach, 
and they are also calculated to attain a speed of 
30 miles per hour within 30 seconds of starting ; 
while but few cars are designed to run at a 
higher rate of speed than 45 miles per hour. 

BcdoTO ending the description of rail motor 
(oaches, mention must be made of a later 
development upon the same lines. Several com- 
panies have fitted small side-tank engines to 
work ^\ith “trailer” ears as complete units. 
Engine and eoacli are never uncoupled while in 
service, and duplicate gear in the diiver’s com- 
partment of the coacdi, at the end farthest from 
the locomotive, enables the unit to be workt'd 
either end foremost. 

Management and Staffing. Rail 
motor-cars are under the control of tlie 
c hief mechanical engineer, w'hich he exercises 
through the district locomotive superintendent 
in precisely the same way as lie looks after 
engines. It is not improbable, however, that as 
the employment of the cars becomes more ex- 
tensive, a special department will be called into 
existence for the purpose of supervising them. 
A fec'hng is growing that since rail motor-ears 
constitute what is an essentially light, rapid, and 
mobile form of traffic, the}’’ require something 
less ponderously inclined than the brains of the 
locomotive department to study their needs and 
devise technical details. 

The staffing of the cars is as follows. The 
steam-propelled vehicles require the services of 
both a driver and a fireman, as there must be a 
man in charge of the boiler. Therefore, when a 
ear is running engine-room hindmost, the men 
part company, the driver being in the motor 
compartment in front (which, it will be remem- 
bered, is equipped with duplicate controlling 
gear), while the fireman remains behind. Some 
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companies make the fireman act as guard or 
conductor os well, but the general practice is to 
employ a third man. The duties of the con- 
ductor of a rail motor-car are the same as those 
of a passenger guard in seeing to the needs of 
passengers, looking after luggage, and attending 
to the safety of the “ train.” In addition, he 
often issues and collects all tickets, and when 
the car stops at a “ halt,” acts as the station- 
master, porter, etc., of that “ halt.” The opera- 
tion of a ear fitted wnth an internal combustion 
engine can be entrusted to one man, the driver 
or motorman, a fireman being unnecessary. 
Drivers or motor men, together with the firemen 
of rail motor-cars, are drawn from the staff of 
enginemen. Conductors are selected from men 
who aspire to liecome full-fledged passenger 
guards ; in fact, this service is now regarded as 
a training field for the latter. 

Passenger Road Motor Traction. 
The functions of passenger road motor-cars 
are, broadly, to act as feeders to the raihvays, 
and so to promote travel in every capacity ; 
w’hile, incidentally, they also serve to exploit 
tourist districts, to form an efficient substitute 
for light railways, and to render possible a 
complete service ov(‘r a new railw'ay route, 
starting from rail head, pending the completion 
of the construction of the line. 

Practically every railway-owned passenger 
road motor vehicle is petrol-driven, and among 
the different types of bodies used are: (1) 
doubk* deck omnibus ; (2) single-deck omnibus 
[53] ; (3) observation or char-a-banc [55] ; (4) 
open w^aggonotte ; (5) composite goods, mail, 
and omnibus. Each typi' of vehicle has accom- 
modation lor a certain amount of passengers’ 
luggage*. togeth(‘r wuth parcels, and many of 
them also make a speciality of the conveyance 
of packages containing agricultural produce, so 
that a service may fulfil an additional purpeise 
in the way of bringing markets nearer to pro- 
du(*er8 or of opening up to the latt<*r new areas 
of supply. 

Passenger Tickets, Passenger ticketa 
comprise : (1) ordinary tickets, issued for 

ordinary trains at oi*dinary fares ; (2) blank 
card tickets, used for light traffic onl,y — 
that is, where there are few passengers be- 
tween a pair of stations in a month, and on 
w'hicli the name of the destination station is 
omitted ; (3) tourist and w^eek-end tickets at 
reduced fares ; (4) excursion tickets, printed 

specially for each excursion ; (5) circular tour 
tickets, wdiich take the form of booklet*? of 
coupons ; (6) market, fishing, golfing, hunting, 
ete., tickets at reduced fares ; (7) periodical, 
season, or contract tickets, which arc S}x*cia]ly 
printed, and require, as a rule, the* hoklcr'.s 
signature ; (8) officers’, soldiers’, seamen and 
police tickets, at reduced fares, which an* kept 
in books with counterfoils, and which are issued 
on the production of orders signed by the pi’ojx'r 
authorities; (9) workmen’s tickets at rediued 
fares, which are available only by trains ninning 
at specified hours ; (10) pleasure part y t iekets, 
which save stamping, say, 150 separate t ieketa 
to the members of a school treat ; and (11) 
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privilege tickets, issued to the (ompany’s 
servants. Further, tickets for the conveyance of 
dogs, bicycles, perambulators, etc., or any other 
articles carried at owner’s risk, are issued at the 
passenger booking-office. 

Manufacture of Railway Tickets. 
Some companies print their own tickets, and 
others contract for them, while some do both ; 
but in all cases the ticket printing establishment 
is under the close supervision ol the company’s 
accountant, who exercises a constant check on 
the supplies. 

The manufacture of railway tickets, as carried 
out by the London and North-Western Railway 
at Fusion Station, may be described as a repre- 
sentative process. The first room entered is 
where the multi-coloured sheets of pasteboard are 
received from the paper makers, and where the 
sheets are stored, and passed through machines 
which cut them up into the little cards with which 
we are so familiar. The first machine snips off 
the rough edges and divides each sheet into a 
number of longitiulinal strips of the re(]uired 
breadth, while the second machine is fed with the 
si rips, and cuts each into so many cards of the 
correct length. The cards issuing from the latter 
machine arc ready for printing, and are carried 
by tray loads into an adjoining — the composing, 
j)rinting, and counting-room. 

Ingenious Automatic Machine. Great 
ingenuity has been brought to bear in the perfec- 
tion of ticket-printing machines. The latest 
patterns may be described as being self-acting in 
every respect. The blank cards are fed into a 
hop})er on one side, whence they descend and pass 
through the ma<*hine in an endless stream so long 
as the supply lasts, one card jmshing the other 
forward. In the body of the mac'hiuc each card 
is impressed with its proper consecutive number, 
has its face printed with the names of the issuing 
and destination stations, class, fare, etc. ; is then 
turned over so that its reverse side may ha\e 
iinprinted on it a short notice beginning ‘‘ Issued 
subject to the company's regulations,” etc. ; 
after which it is turned face upjiormost prepara- 
tory to leaving the machine by another and 
similar hopper, in which the column of finished 
cards is pushed upwards. These machines can 
print from 10,000 to 14,000 tickets jier hour. The 
supply of ink is automatically fed to the rollers, 
and in the event of a slightly torn or crumpled 
card being encountered, the machine stops of 
itself, and declines to continue printing till the 
otfending sj^eeimen has been removed. Lastly, 
the printed tickets are passed through a machiiu' 
wliich automatically counts them in batches ot 
250 at a time, and records the total num ber wbieb 
lias passed through it. Here, again, the cards are 
placed in a hopper, and the attendant turns the 
handle of a dial to the number borne by the first 
ticket to enter the machine. The machine is then 
set going, and automatically stops when it lias 
counted out 250 cards into a hopper below. The 
attendant must see that tlie dial records exactly 
that number, and that it tallies with the number 
of the last ticket, otherwise one or more tickets 
must have got lost, or duplicates as regards the 
successive numbering been printed, in which 


case very careful search has to be made to rectify 
the error, for a printed ticket is treated as repre- 
senting its face value in cash. The latest type of 
ticket-counting machine can deal with 20,000 
cards per hour. 

Number Check on Tickets. The 

company's audit accountant is the only 
officer through whom passenger tickets (save, 
in some cases, season tickets, which are supplied 
by the General Manager) may be obtained by 
the clerks in charge of the booking offices. 

All tickets are type- numbered consecutively 
at both ends from 000 to 9999 inclusive (to 
avoid printing five figures when the limit of 
10,000 is reached), and are marked to indicate 
the “ series ” to which they belong, ten thousand 
of each kind, class, and station making a 
“series.” By the Regulation of Railw-ays 
Act, 1889, Sec. 6, the fare must be written or 
printed on every ordinary ticket. The different 
colours and distinctive markings assigned to 
the tickets for various classes and specifio 
purposes are legion, while there is a curioua 
want of uniformity among companies in the 
colours that distinguish the classes. 

Booking Offices. Inside the booking 
office, the tickets are kept in rows of “ tubes ” 
bo-called — really two pieces of wood joined by a 
spring — wliich tubes are contained in lock- 
up cases of various sizes The name of tha 
destination station and fare is written above 
each tube, and the number of the next to 
issue is written on a strip of slate below the 
tube. The system is to place tickets in tha 
tubes with highest numbers at the top, and, 
when booking passengers, to draw from the 
bottom, so that, after the departure of a train, 
by deducting the number written upon the 
slate from the number on the next to issue it ia 
readily ascertained how many have been issued 
by that train. Below the lock-up cases are 
oiiests of drawers containing bundles of tickets 
to leplcnish the tubes. At large stations the 
arrangement of the booking hall is very method- 
ical, the apartment being divided into classea 
and distiicts, with a separate window for each, 
while the case containing tickets most frerpicntly 
used is placed nearest the window, and the 
icmainder branch out in geograpllical order. 

Renewing Stock of Tickets, Here, 
too. the staff comprises not only clerks to issue 
tickets, but a ticket stock-keeper, a cashier, 
and a chief booking clerk, each of whom has 
his own office within an office. The stock- 
keeper periodically replenishes from his owm 
stores the drawers below the lock-up cases, and 
when he finds that a series of one class between 
a pair of stations is nearing exhaustion he fills 
in a “ Ticket Demand Note,” spt'cifying the 
name of destination station, route, colour, 
class, description, fare, number of ticket which 
will be issued last, and the last progressi\o 
number of tickets in stock. 

This demand note is signed by the cliicf 
booking clerk and sent up to the accountant’s 
office, where it is checked and compared with 
the Ticket Stock Registers. Each issuing 
station has an account m the stock registers, 
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and the following particulars are inserted in 
their proper columns : name of each destination 
station, route, class, description, date of demand, 
last progressive number of tickets supplied, and 
(juantity supplied in bundles of 250, and date 
of last supply. 

Booking Clerks. Immediately after the 
departure of each train, the “ train book ” is made 
u}>, showing an account of tickets issued, a separate 
entr\" being made for each station and class. 
Tlie “ commencing number is copied from th(‘ 
slate, and the “ closing numbtT " from the ticket 
next to issue, ^^hile the number of each blank 
card ticket issued has to be entered separately. 
After the train book has been mode up, the old 
** commencing number is wijHKi off the slate, 
and the old “ closing number,” now the “ com* 
mencing number,” written up in its place, 
uhen the clerk begins booking for those stations 
again. 

At the close of the day a “ Proof Sheet,'’ or 
Daily Classification Book is made up, giving an 
account of every^ ticket issued, but Ix^fore 
attempting to balance the day'.s taking.^ the 
number of tickets that has been issued is 
balanced in a Taking Out Shet‘t.” At in- 
ten als during the day the clerks liave lxH?n 
paying in “ on account ” to the cashier of the 
booking office, and on the following morning 
lietween 9 a.m. ? nd 10.30 a.m.,the whole of the 
taking^ of the day before are paid to the cliiet 
casliicr in the accountant's office, and there 
balanced with the daily classification book. 

Checking the Receipts. The takings 
and tickets issued by each indi\idual clerk 
aixj miule up separately, so that any individual 
losh oi surplus may lie located. The fore- 
going is the jirocedure followed at the great 
terminal stations, where on certain days of the 
year, the eve of a Bank Holiday, for instance, 
the numl>er of tickets issued runs into tens ot 
thousands, w Idle the cash receipts total thousands 
of pounds. And the same system applies on 
a more nr le.ss modified scale, according to its 
imjiortance, at every issuing station on the 
railway. At ordinary stations, the station- 
master is responsible for the work of the clerks, 
and at small stations he issues the tickets and 
makes u]) the books himself. For the collection 
of cash recei]»ts and used tickets, tlie line is 
divided into districts. 8j)ecially constructed 
safes travel up and down the line between 
district headquarters by passenger train, and 
into these receptacles the stationmasters of 
intermediate stations place their takings in 
bags, for which the guard of the train signs, 
while leather cases containing the collected 
tickets are also dehvered into liis charge. 

At the district headquarters the cash is 
banked as soon as it is received, while the 
Recount sheets and collected tickets are for- 
wardcKi evciy^ month to the chief audit office. 
The daily classification books are not sent up 
to the audit department, but at the end of 
ciU'h month the whole of the commencing 


numbers are taken off from the ticket » them- 
selves, and worked out on the month’s issue. 
This monthly total must balance with the 
totals of the daily classification books. 

The Monthly Audit System. The task 
of getting out tlie monthly audit of the receipts 
from all coaching traffic is very laborious, and 
necessitates the employment of a special staff 
of clerks and ticket sorters, the latter con- 
sisting of boys, or sometimes women. Each 
collected ticket has to be sorted back into its 
proper series of kind, class, and station, and 
a note taken of missing numbers and tickets 
irregularly issued. Directly the monthly audit 
is completed, the sorted tickets (save those of 
the blank card tjrpe) are defaced and destroyed, 
but blank card tickets are kept back for another 
month before being consigned to oblivion. 

Schedules of missing tickets are sent every 
month to the station responsible for an explann- 
tion, and should the number lie unusually laige 
an investigation is ordered. 

Training of BooKing Clerks. Book- 
ing clerks, as a rule, begin to lenrn their duties 
as boy clerks or boy ticket sorters. Promotion 
in this branch of the service depends entirely 
upon intelligence and merit. A smart clerk 
know's the geography of his line baekw'ards, so 
to speak, has hundreds of fares in his head, 
and is a lightning calculator of ticket sums 
Another important qualification for a booking 
clerk is an unniffled temper. Pertinacious 
inquirers about subjects wdiich have no concern 
with the issue of tickets have to be persuaded to 
move on, and no notice must be taken of the 
remarks of irritable or ill-conditioned travellers 
who air grievances against the company on the 
“man bcdiind the pigeon hole." Booking clerks 
are sometimes accused of being curt, but the fact 
is that they are generally working against time. 

To case tJii^ labours of booking clerks during the* 
‘’i-ush" hours, automatic ticket- issuing machines 
have been adopted by the (^Jreat Western, 
North London, and Metropolitan Companies. 
These machines are, however, practically confined 
to the issue of workmen's tickets, at penny or 
two}x*rmy fares. 

Ticket Nipping. There is a good deal 
more in the nipping of tickets by examiners 
than meets the eye. The practice htus a two- 
fold object — to deface the cards so that 
they shall not 1 k' used over again, and to 
mark them by impressing a numbt^r or punch- 
ing out a sign or letter, in order to afford 
evidence of the right of companies to claim a 
proportion of the through fai’c when passimgers 
have travelled by a route different from that for 
wliich the tickets wTre issued, or to prove how 
far a passenger liad travelled in the case ot a 
refund claim. A different number or mark is 
fixed by the Clearing Hous«‘ for each junction 
or principal station, or group of minor stations, 
a record of the same being kept there. Further, 
certain numbers arc k(*pt in reserve, and givem 
testations froratinu* to time as required. 
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IF it has seemed that these articles are inspired 
^ by an extravagant optimism, that, fortunately, 
cannot be helped. The road to success in 
journalism may be hard at times, but there are 
few careers which, in the main, fall in more 
jileasant places. And it is a fact of immense 
(mcouragcment to the young journalist to know 
that all his life, whoever he is, wherever he may 
be, in whatever work he may be engaged, he can 
be laying the road along which to travel to his 
destination. He may order his life so that he is 
going constantly forward ; slower than he will like 
sometimes, perhaps, but always forward. For, 
as we have agreed that journalism is the reflection 
and interpretation of life itself, it follows that 
the natural hfe of man is the journalist's best 
training ground. And the journalist, if he is a 
journalist indeed and not merely in name, so 
orders his life that, almost without knowing it, 
without any physical strain and with hardly any 
conscious effort, he builds up a syst-em that be- 
comes to him a means of hving and a joy for ever. 

The journalist’s system is, if anything can be. 

1 1 is guarantee of success. No journalist can hope 
to succeed, in the sense in which w^e sjx^ak of 
success here, unless he has a system. What, 
then, is the journalist’s system ? 

The Organisation of Knowledge. 

It is, in a word, a plan of life by which all 
his pleasures, aff his interests, all his holidays, 
all his books, every thought and energy he ha.s. 
registers itself in his work. The chief end 
of the journalist's system is the organisation 
of knowledge and information. His motto is 
to have all the facts in the w'orld on his 
desk. His first business is to know as much as 
he can himself ; his next business is to be able 
to find out at once what he does not know'. He 
must have a British Museum of his own. He 
must make his own encyclopaedia from day to 
day. He must lie able to answer any one of a 
million questions, and to answ'er thern, not in a 
week or in a day, but in an hour or in a minute. 
Ho must be able to quote an opinion, tell a story, 
or recall an event, and to do all these things 
without leaving his own room. 

Jf it is said that all this is impossible, that no 
journalist has the time to do it or can afford to 
do it, the reply to the critic is that he had better 
give up journalism. If reading is not as interest- 
ing to him as playing billiards, if books are not 
as much worth buying as cigarettes, he should 
play billiards and smoko cigarettes and leave 
the serious things of the world alone. We are 
asking nothing that has not been done, nothing 
that is not easy to the man who is a journalist 
because he loves journalism. In no age since 
printing began have books been more plentiful ; 


in no country where books have been introduced 
have books been cheaper than in England now. 
Never have the newspapers been so good, so full, 
so varied. Never has science been so interesting, 
so popular, so simile. Never have commerce and 
industry and invention been so wonderful, so 
full of romance. All the strange story of the 
W'orld as it moves, all the energies of the race 
as it reaches out to its great destiny, all the 
thoughts of men and all the mysteries and 
problems of our lives, come to us in papers 
and books. To say that we know nothing of 
these things is to declare ourselves uneducated: 
to say that we cannot keep a record of these 
things is to declare ourselves unfit for journalism. 

The Legacy of Odd Moments. This 
course of journalism is l)eing concluded in a 
journalist’s library which its possessor w'ouH 
not part with for a gold mine in Johannesburg. 
It has been built up in ten years of a busy 
journalist's life, in leisure hours and odd 
moments. It has live thousand books, half of 
them found in second-hand book shops and in 
second-hand catalogues, covering e\ery subjec't 
under the sun. It contains a record of everybody 
of importance who has ever lived. It contains a 
history of every country that has ever been. It 
has within its four walls the best thoughts of the 
b(\st thinkers of all ages. It is a temple of all 
that was permanent in the past, of all tJie hopes 
of men for the future. 

And, not least in value for the journalist, it 
is a record and an index of the present. For it i^ 
more than a library of books ; it is a library of 
information that never has been and never will 
be contained in books. It has a cabinet of a 
quarter of a million articles, paragraphs, notes, 
and references, taken from magazines, new’spapers, 
and books. It is an ever-ready, ever-growing, 
ever-up-to-date encyclopaedia of newspajjer infor- 
mation, every item of it immediately acees-^ibk*. 
At least five thousand columns of London daily 
papers have been written from this library. For 
years it furnished two regular column.'' a day in 
a w'ell-known evening paper, and one of these 
columns is now running in its seventh year from 
this source of supply. The matter that has been 
supplied from this library to London editors could 
not be contained in all the volumes of the Self- 
Educator, and the library is inexhaustible. It 
grows in interest and freshness every day, and the 
time can never come, so long as it is maintained, 
when a clever journalist could not earn a hand- 
some income by sitting in tliis library with a 
typewriter in front of him, a telephone at his 
side, and a post office within reach. 

Newspaper Cuttings, The building up 
of such a system of information demands no 
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groat genius, and no very considerable out- 
lay. It calls for gix'nt patience, care, and 
foresight, for an excellent sense of discrimi- 
nation, and for all the qualities that go to make 
a journalist. It imj)lies a capacity for organisa- 
tion and )>ersistenee. and a wise utility ot spare 
moments. It demands, above all. regularity. 
But these things are possible for all, and the 
creation of a Nystom such as this involves no 
resources Ix'yond the reacli of an ordinary 
journalist with an oi*dinary income. It may mean 
that it is not worth while to keep a diarj^ of 
social engagements, or to stand vacantly watching 
a football match ; but success in journalism is 
cheap at the price. 

Tile best of all tlie raw material with which the 
journalist has to^ build is the newspaper. He 
will tind a good collection of ncwspajier cuttings 
more valuable even than hooks. The five 
thousand books in the library in which this is 
WTitlcn might, witli exceedingly great difficulty 
and in the couis(‘ of months or years, b(‘ 
duplicat(‘d. But nobody else in the world 
has. or can have, a duplicate of the companion 
cabinet of information. Newspaper cuttings 
liave, therefore, a unique value, ever increasing 
as the cuttings grow in quantity and variety, and 
the journnli:>t ^%ho builds up his library not only 
of printed books, but links his books with a 
growing collection of vnmade hook^. is budding 
liis house on a rook. 

The Journalist's Newspapers. He 

l)egins by giving the newsagent a list of 
the papers that arc most ])rolific in ** things 
to cut,” and he will tind this experience, by 
th(* way, the surest test of whetlicr a newspaper 
is well ^>r badly done. In going through his 
pa|xus he will maik everything that is to lie 
cut, and at the end of the day ho will cut these 
thiiig.s out, date them, mark them, and put 
ilicni away. He will do this every day with the 
(hiilies and every week with the weeklies, and 
lie will never, if he is Aviso, allow' the pajicrs 
to aocuriiiilate uncut. It is a temptation to 
A\hkii it iS cas\’ to succumb : but it encourages 
carelessness and makes it impossible to rely 
absolutely on the system he is creating. He 
should at first cut out the paragraphs or 
articles he wants to keep and mark them after- 
wards ; the placing of them Avill often be slow 
and difficult. In eoiirs*j of time, how'CA^er, he 
will come to mfirk the papers More cutting 
them — that is, to write the index-word on the 
paragraph as he goes through the paper. This 
is much simpler, especially if he can get the 
papers cut for him afterwards. He mu.4 
nexvr forget to date a cutting plainly, either in 
the white space in the heading or on the bac'k, 
and Avhen a cutting is in two pieces it should 
Iac carefully yjasted together. Small cuttings 
of two or three lines should Ik? pasted on neat 
slips of white pajKT ; any stationer will make 
a lliou^and slips gummed half-way down on one 
side for a h*w shillings, and these are very 
convenient, the ungummed portion ]x?ing avail- 
able for Avriting. 

The collection may grow' slowly at first, 
jjrobably not at a greater rate than a dozen or 


twenty cuttings a day. But there is a wonderful 
sympathy in newspaper matter, and it is one 
of the amazing things in journalism how events 
link themselves togetlier ; how, when one 
remarkable thing happens, other remarkable 
things of the same kind follow ; and after a 
AAhile the rate of groA^dh will be much grontor. 

Many obvious questtons arise. Wliat is to be 
kept ? In what form should it be preserved ? 
Hoav is it to be marked ? They are vital 
questions, and upon the care exercised in those 
dirt'ctions the usefulness of the system depends. 

Useless Material. What should l>c 
kept? Two things should not be kept. It 
is unnecessary and wasteful to store in the 
cabinet a great mass of information Avhieb 
is readily accessible in year books and 
encyclopa^ias. Twenty paragrajihs may ap- 
pear in the course of a year containing 
the barest facts of, say, Lord Rosebt^ry s lif(‘, 
but as these are obtainable in a moment from 
a dozen familiar sources it would b(‘ waste of 
time and s})aee to kc'cp them. The seconfl 
class of matter that should not b<' preserved is 
that of a fleeting and triv'ial kind. The groai 
mass of matter appearing in newspapers h 
interesting only for a day or two and is not 
worth keeping under any circumstances. It 
may happen that for some reason or other this 
matter is worth cutting. Perhaps it may bo 
helpful for a column of daily or weekly notes 
the journalist is writing. In that case it should 
be cut and kept at hand, but on no account 
should such ephemeral matter l)c admitted to the 
cabinet. Ordinary society and sporting informn- 
tion may ho useful as pegs upon Avhieh to hang a 
piece of gossip, but when the gossip is written 
it is useful no longer, and it is sheer madness 
to choke a valuable cabinet with trivialities 
of this kind. It is as absurd as it would be to 
store flower-pots in the British Museum, and it 
is possible \'ery seriously to impair the value 
of a system such as this by introducing matifr 
with no permanent value, adding bulk and 
complexity to a system which is the more 
A'aluablc the more it can be confined and Ibo 
more simple it can be kept. 

What to Keep from the Papers. 
Having decided what to leaA^e out, the question 
of what to admit is easily settled. Everything 
of interest likely to have a permanent value 
should be kept. All good stories should l»o 
carefully preserved ; all inteicsting utterances 
of public men ; all interesting things about 
places. Any unusual incident, any (^d fact, 
should Ixi kept. Interviews, unless on some 
(juite ephemeral topic, are usually v orth keep- 
ing. The speeches of coming men, too, have 
a value not suflicicntly realis'd; and tlm 
fullest report ot these should be kept intact, 
another being cut up if worth wliile. Many 
excellent little bits of copy creep into speeches, 
to lie there for twenty-four hours unnoticed by 
most people and then to be forgotten ; and 
the time comes wlien the Aviso journalist who 
has kept them reveals these little buried 
treasures and turns them into very gokL 
Articles by prominent men are generally w'orth 
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cutting up, if they do not justify preservation 
intact. Nearly all newspapers pay for them- 
selves to the journalist who knows how to cut 
them — some sixty, some ninety, and some a 
hundredfold. The magazine pages of the 
halfpenny dailies usually provide good material 
for future ust% and the regular columns of gossip 
should never be missed. 

How to Keep Cuttings. In what 
form should the cutting be preserved ? 
There is only one possible way. No wise 
journalist ever pastes cuttings into a l)ook, or 
pastes them up at all. The ideal way, and the 
only convenient and effective way, is to place 
the cuttings in envelopes. The best envelopes 
are ordinary foolscap size, opening lengthways 
instead of at the end, with ungummed edges. 
Generally they must be specially made. Wlien 
these are placed alphabetically in a drawer, 
with the subje( ts typed on the front at the top 
edge in the left-hand corner, with the drawers 
labelled, all that is necessary to put a cutting 
away is to open the right drawer, find the right 
envelope, and drop the cutting in without 
taking the envelope out. Tlie cabinet should, if 
possible, be specially made to receive the 
envelopes. There arc many other ways of 
storing cuttings, but the journalist wlio is 
beginning to build up a system of information 
will l)e wise to ignore them all and adopt this 
one. He will find it impossible to alter his 
system in a few years, and no other system is 
half so simple or half so (*ffective as this. 

How should the eutting be marked ? This 
is the most important point of all. The entire 
value of the cabinet dejK'nds upon it. ITio 
art of indexing is not an easy one. and the 
placing of cuttings where they uill he most 
useful, in such a way that they vill l>e avail- 
able whenever wanted, is often a task of great 
difficulty. It is, however, strange to note how 
often, m marking a cutting, the keyword is 
easily found in the cutting jtself, usually in the 
heading or at the beginning of the article. In 
this ease it is ladter merely to underline the 
word in ink. All marks on cuttings should, of 
course, be made in ink and not in pencil. 

How to Mark a Cuttikig. Two 
factors shduld be borne in mind. There 
may lie a dozen points of view from which a 
para^aph may be regarded, and the point 
of view from which we decide to regard it 
should be that wliich is likely to make the 
paragraph most useful. It will frequently 
be necessary to cut tw^o or thret* copies of 
a paragraph and place them from two or three 
points of view', or to make cross-references ; and 
either of these ways is easy, nearly all interest- 
ing paragraphs appearing in some form in most 
papers. 

Another factor to bear in mind in placing a 
cutting is memory. When the time comes for 
referring to the cutting the probability is that 
it wull come to mind, but it is essential that the 
headings under -w'hich the cuttings are placed 
in the index shall be of such a character os to 
help memory. Let us take an example. A 
woman had a delusion that she had swallowed 


a lizard, and the doctor, knowing her story to 
be absurd, placed her imder chloroform and 
assured her that the operation had been suc- 
cessful. The woman “ recovered!,” and was 
perfectly sane again. Obviously the paragraph 
is of great interest and is likely to be useful. 
What shall we do with it ? It could be placed 
under Lizabds, but that would be the wildest 
thing to do. It has nothing to do with lizards, 
except bv the merest chance, and it is as likely 
as not that when the paragraph comes to mind 
we shall think of newds or cockroaches instead 
of lizards. The lizard has ruithing to do until the 
story. The paragraph, again, could l3e placed 
under Doctors, but it is not really of any con- 
siderable interest from the doctor’s point of 
view, and in writing any concei*^able thing 
about doctors it would not greatly help one to 
be able to quote this example. It may, how- 
ever, be contended that at least a cross-reference 
to this story might be made under Doctors. 
A third way in which the story miglit be placed 
is under Delusions, but here again the last 
remark applies. In the history of delusions this 
woman’s was not by any means remarkable. 

The Classifying of Information. 
What, then, shall we do with it ? Let us 
read the paragraph again and discover its 
fundamental idea. Clearly, it is a remarkable 
example of the power of imagination. It is 
by far the most interesting point of view' from 
which the story can l>e regarded, and the power 
of imagination is a subject upon which a jour- 
nalist can write frequently w'ithout becoming 
monotonous. So that w'c mark our paragrapl) 
Imagination, date it, and put it away. 

It may be, how'ever, that the single word 
Imagination is inadequate. Let us suppose 
that the journalist is greatly attracted to this 
subject, and collects so much material concern- 
ing it that he must classify it into subdivisions. 
In that case he may have such entries as Imag- 
ination simply; Imagination — Power (^f ; 
Imagination — Stories. The paragraph we are 
considering would then come under Imagination 
— Power of. This subdivision will become 
a matter of great importance as the collection 
grow's. As material under a spc*cific heading 
accumulates it must be edited and arranged in 
several groups. No single envelope must 1 k‘ 
allowed to liecome bulky. The more bulky 
an envelope is, the more difficult reference to it 
becomes, and the first es.sential of the system — 
instant reference — is defeated. Important 
general headings, such as Parliament, London, 
Government, Railways, and so on, and im- 
|K)rtant names in the personal section, may 
demand a dozen or even twenty or thirty 
envelopes, and it will be necessary sometimes 
to subdiAude these divisions. Let us take an 
example. 

To Make Reference Easy. There 
must, of course, be a main heading for London, 
and one of the subdivisions will lie London — 
Traffic. But the London traflSc question 
is so important that it has several aspects, 
and these must l)e kept clearly in mind. There 
must be, for instance, traffic statistics, traffic 
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problems, traffic systems, traffic reports, traffic 
finance, perhaps traffic stories, and so on, 
and at any time the journalist may want 
material upon any of these sjxKjific subjects. 
Obviously it would be an absurd ivaste of time 
to go through the entire mass of material on the 
traffic question to find oat bow the tul)e railways 
are ventilated, and the only possible way of 
arranging all this matter is to have sejmrate 
envelopt*s. Tlie l)est vay of marking these 
envelojH's is to tvpt' the heading at the top 
left-hand eorner, elose to the e<lge, in this way: 
l^NDON 
Traffic ' 

Further subdivisions should be tyjied like 
this: 

London 

T R AFFIC — S TA TI STICS 

Thes.‘ envelo}X's will come alphal>etieally in 
the London section of the cabinet. 

The journalist will find it extremely useful 
and most interesting to develop his own ideas 
in his cabinet, and to make it much more than 
a record of fact. He may have, for example, 
some ideas as to the quickest ways to get across 
London, and if he will keep the idea in his 
mind he will find that material for its expansion 
will come from many unexjiected sources. He 
should, in this ease, type an envelojie: 

Jx)NDON 

Quic kest Ways Ac'ross 
in which material for an article may gradually 
accumulate. In his notebook he will note 
“ Quickest Ways .Across London " as an idea for 
an article, with a reference to the envcloj)c% and 
when he comes to write it he will find that the 
material he wants is rc^ady for him. 

Cutting Envelopes. The subdivision of 
subjects will suggeM itself as the collection 
grows, but it may l>e helpful to give one 
instance. Let us take one subject from the 
cabinet mentioned. The cross-references on the 
outside of the envelopes sliould lx* noted. 
They are important, and should be typed along 
the top edge of the envelope in line with the 
heading, but at the other end. 

Lkgax Bee al-io Vlkdk ts WjTNhSsi s. 

Judges, 1’olue, Ji kie'^, Pea'^enh \li, (’ase. 
In(^i EsTft, Time— Leg \i, Fouti'nes, JI)^^TITV, 
UsTICE — MiSCARRI A(.ES UK. De\TH— LegAL. 

fEm’h ^tihsef|weTiteti\'elop<' l>eHr-. tlie* hefKiiim Legal, 
hut for bn'Mt\ only '>iih-heu(iiu{_'‘^ are given here, j 
DeCL-^Ioss s<*e hKo \'eKDKTS 

Sknten( es and Judgment'^ 

Delaa n 

Errors aKo .Ti nr e— Mtsimhri ages 

JLLKGALnirs s4>e ab*) ( h )VT.-— 1 llegalities 

Law Of h( Ek-> 

Litig vnts .ilso Delusions 

t cl. e also Law Courts 

JMeurank al ODr'iTiLs Writ^, ete. 

New Law’ Oddito.s see also Change 

Notabli s in Cut Ki' see a 1st) Witnesses 

( >DDn ll.•^ - C 'KIVIJN U. J t KIES - IDENTITY 

Oddities <>rh.NEi'VL 

I’oiNT.s see alrio Ti.ML— Lk<,AL 

Hr AN DALS 

The heading under which a cutting is to be 
placed sliould be clearly marked in a white 
space, anywhere on the cutting, rather than across 
the reading matter, and it is wise to use a rubber 
stamp for dating, ft is best to u ark tf e cuttings 


in the whife space at the heading : in the case of 
cuttings which fold up this must be so, and they 
should be folded wdth fhe mark outside. 

Personal Information. The cabinet 
as a whole must l)e divided into two main 
sections — personal and general. Nearly all the 
difficulties will arise in the general section. The 
titles for the envelojies in the personal section 
are fixed, and w'ill determine themselves, but, 
to liegin with, the journalist should 13^)6 
envelopes Ix^aring the names of all well-known 
|H‘ople, and in some cases several envelopes for 
one person, such as : 

John Morlf.y John IMorley 

Speeches Literature 

and 80 on. He should also type a series of 
envelopes bearing all the familiar names, such 
as Smith, Jones, Brown. Into these envelopes 
all the Smiths, .loneses and Browms can go, unless 
in any case the Smith, Jones or Brown is im- 
portant enough for an envtJope to himself. 

The envelopes liearing common names should 
in all eases l>e placed after particular names — 
that is, Sir William Brown should come l)efor(‘ 
Brow^n. In putting awav cuttings, this arrange- 
ment makes it clear w'hether Sir William Brown 
has an enveloi>e of his own Ik* fore the common 
Brown envelojic is reached. 

Tlie number of envelopes bearing common 
names will be small, and the great mass of the 
personal envelo)>es will at first be marked with 
only the initial letters of names, arranged 
so as to receive every name that could occur. 
The journalist who is in earnest in building up 
his cabinet will lie wise in carrying out his 
“splitting up” of the alphal)et on these 
envelopes to the third letter. He will find that 
by doing this he will use some hundreds of 
envelopes, many of which will l)e empty for a 
long time, but in the end it will save him the 
trouble of having to rearrange his envelopes — a 
task so overwhelming that he cannot possibly 
afford to contemplate it. The envelopes in the 
personal section will begin something like this : 
Aba Alierdoen, Lord and I.*ady 

Abadie Abl 

Abb Sir Wm. Abney 

Edwin Abbey, R.A. .A bn 

Abbey Abr 

Dr. Lyman .Abbott Wm. Abraham, M.P. 

Sir Jos. Abbott Abs 

Abe Aby 8 .sinia: Emperor of 

Alxl Abyssinia: Royalties 

Alie Abyssinia: Ras Makunnen 

Abeokuta, Alake of Abyssinia: Notables 

Al>ereorn, Duke of Ac 

When this arrangement is followed through 
the alphaliet there will Ixi no name that cannot 
lie placed, and the journalist will then lie able 
to store a cutting about anybody so as to be 
able to find it at once. He must go through 
these envelope's periodically, and when he finds 
them growing bulky he will lake out all cuttings 
referring to one person and give that person a 
special envelope. As a rule, it may be con- 
sidered worth while to have a special envelope 
if there are three cuttings under one name. 
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In nearly all oases in the personal section, 
envelopes should be marked with names. There 
are, however, a few desirable exceptions, as 
in the case of countries where the names of 
public men are not familiar. The German 
Emperor will, of course, come imder Germany — 
Emperor, and Prince Buelow under Bueixjw ; 
Herr Bebel under Bebel, and so on. It is not so 
simple, however, in Liberia or Abyssinia, where 
the important names are loss familiar, and in 
these cases envelopes marked Abyssinia — 
Notables, Abyssinia — Royai.ties, and so on, 
will save much confusion and difficulty. 

Index as You Read. The arrangement 
of the general envelopes is not so easy, and 
we have already considered some of its 
difficulties. The cuttings themselves, however, 
must determine these arrangements, and ex- 
perience will make the matter easier as the 
cuttings grow. It is a safe rule not to be afraid 
of divisions and subdivisions, but to exercise 
foresight and prepare for great developments. 

It must not l>e imagined that a cabinet is 
merely a receptacle for cuttings from newspapers. 
It must be a cabinet of general information. 
The cabinet we have mentioned has in it many 
thousands of references made from books, with 
jottings of interesting facts picked up in many 
ways and places, so that its material on any given 
subject may have been gathered from three 
main sources; (1) Magazines and new^spapeis, 
(2) books, (3) personal know'ledge. No journalist 
should read books without making notes. He 
should alw'ays have by him slips on which to 
make not-es, and should make his owti indexes 
of books as he reads them. There are V(*rv 
few books with satisfactory indexes, and fewer 
indexes still that are satisfactory from the point 
of view of the journalist to whom a book is a tool. 
Let us dip into our cabinet again, and wt find 
thousands of such notes as these. 

Witm:ss Box 

A ^^itllos8 afraid of dying iii the box. Lito of 

Loril RrssiCLL, 145 

Aoe 

Links with the Past 

Witnoss giving evidence of events of wiiicli lie 
liad been a npcctator 120 years before. Remarkable 
ease. 1 . History of Yorkshike, 201. 

Politics 

TTncertainties 

Ditficulty of jiredieting witli certainty in jiulitice. 
Cobden on the Corn Laws, Duff, D. 247. 

Recall flt^ry of Melbourne, w4io told Disraeli there 
was no chance of his being premier. 

Secrets 

State 

Lord Granville rejH’iating Queen Victoria's words to 
the Times. 2. Paul’s History of England, 215. 

Such entries as these, made constantly through 
years of reading, add enormously to the value 
of the cabinet. Though the books in the 
library may be duplicated, it is almost impossible 
that entries such as these should be duplicated, 
and the journalist who has such things available 
is not likely to want for something to write about. 

How to Use a RooK. There is no space 
here tu go closely into the arrangement of 
the library, but the journalist will, of course, 
have a system making each book accessible 
w ithout delay. It will be noticed in the entries 


above that a word from the title of each 
book is in capital letters, an arrangement 
which is part of the system. In the Age 
entry, for example, the printing of York- 
shire in capitals means that the book will be 
found in the topographical part of the library 
under “ Yorkshire.” In the entry under Politics 
the use of capital letters for Duff means that 
the book from which the note is made, one of 
Sir M. Grant Duff’s diaries, is under “ Duff ” in 
the biographical part of the library. 

It will be clear to all that in indexing a library 
many references will occur which cannot con- 
veniently come into our cabinet. It is un- 
desirable, for instance, to have an envelope 
for \^illiam Pitt or for the French Revolution. 
There are weighty arguments against allowing 
the cabinet to be used for “ dead ” as well as 
living matter, and historical things should not 
loom large in a cabinet of subjects of contemporary 
interest. As far as such things may be indexed 
under subject headings, they may, of course, be 
admitted into the cabinet, but there are many 
matters which could only l)e indexed under 
names having no relation to any particular 
subject heading. 

The Card Index. There is, let us say, 
an important anecdote of Lord Castlereagh in 
the Creevey Papers, and, as the Creevey 
Papers do not come under Castlereagh on 
the bookshelves, it is important that this 
anecdote should lie introduced somewhere, so 
that in writing of Lord Castlereagh it may not 
Ix^ overlooked. The Ix^st way of registering such 
things is by a card-index. In the library in 
which this is written is a card-index covering, 
more or less roughly, 2,0(X) books of biography. 
It does not contain a full list of the names or 
titles of books, because the projx^r arrange- 
ment of a library makes it quite unnecessary 
to index these. The biographical books are 
arranged on the shelves in the alphabetical 
order of names, and the index is a contents 
index to the books — in some cases a full index, 
made when reading the book, in others a rough 
index, made either in glancing through the book 
or from the index in the book. In the latter 
case the index is not, of course, thorough, 
though full enough to Ix^ helpful, and quite w orth 
the time it took to make it. Under U in this 
card-index occurs the entry : 

Ix)RD Castlereagh 

Extremely interesting anecdote 

2 Creevey Papers, j). 38 

BooKs Within Reach. There is no 
room here to consider the kind of books 
that arc most useful to the journalist, but 
he should have within reach all the familiar 
dictionaries, concordances, encyclopa'dias, and 
year books. He cannot lx* satisfied with the 
completeness of his system unless he has on his 
desk, or on his shelves, Whitaker's Almanack, 
Hazell’s Annual, the Daily Mail Year 
Book, Who’s Who. Chambers’s Book of Days, 
Haydn’s Dictionary of Dates, Bartlei't's 
Familiar Quotations, Chambers’s Dictionary 
of Biography, Harmsworth and Chambers’s 
Encyclopjsdias, the Encyclopaedia Britan- 
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MCA, the Municifal Year Book, the London 
Mancal, the Dictionary of National Bio- 
graphy, Ann of Ocr Time, Burke's Peer- 
AOE and Landed Gentry, Whitaker’s Peer- 
age, Muliiall's Statistics, Brewer’s Dic- 
tionary of Phrvse and Fable, the States- 
man's Year Book, the Colonial, India, and 
Foreign Office Lists, n full gazetteer and 
atlas, a good collection of guides and histories, a 
good dictionaiT, and all the poets and standard 
autlioi-s. That d(X‘S not mean, of course, that 
a library without some of these may not be 
excellent, but the ideal library’' contains all these 
toundation books. Only a journalist constantly 
using them is able to appreciate adequately the 
great mass of good work that is done nowadays 
for the pure love of doing it, without any 
likelihood of gain. Mr. SteadV “ Indexes to 
Periodicals, ' nou unhappily stopped, is an 
example, and for such things the journalist 
cannot l>e too thankful. 

A System to Build On. The journalist 
viio builds up a system on the lines we 
have suggested will find many splendid 
corner-stones already erected for liini It is 
difticult to conceive tlio full extent of the work 
on which he may build. The finger-posts to 
knowledge in the library in wliich we are writing 
must be counted in millions — then* must be, 
that is, millions of keys to facts. The index to 
the Encycujp.tdi \ Britannic^ has (lOO.tHK) 
entries ; the index to the full set of the Review 
of Reviews has entries to the events of 

the last sixteen ye ’’s. Another index has about 
27.0(>G entries to tlie events of the Victorian era ; 
the Dictionary of National BTO(.RArnY con- 
tains the lives of 80.000 of the most important 
people who have figured in our histoiy. and 
2,000,000 facts of biographical interest. A single 
index exists to 80.(K»0 poems, and two others 
have a total of 70,000 guides to quotations 
from poems. The Guide to the Best Fiction 
describes the contents of 4,500 books, and has 
an index, with o.rMMf entries, to the subjects of 
novels. In another work are 4,5fK) references to 
speeches, lectures, and anecdotes, and another 
index has over 20.<K>0 entries dealing with 
folk-lore. Who’s Who gives the biographi<*H 
of 21,000 people, and the American Who's Who 
does the same for 15,000 people on the other .side 
of the Atlantic. Canadian Men and Women, 
and similar books for India and South Africa, 
deal with people of importance in the British 
Empire, and a few pounds invested in a year's 
supply of Blue Books puts the journalist in 
f>osscssion of first-hand facts from every part of 
i he world. Mi lhall’s Statistics gives valuable 
information on al>out 8,000 subjects. Haydn's 
Dicuonarv of Dates has several million words 
of concise historical information. The CJoncord- 
ANCE TO Shakespeare, a woman's labour of 
love for sixteen years, has 800,000 entries. The 
Railway and Commercial Gazetteer, also, is an 
excellent work from w'hich a word of public recog- 

JouRN A Lis.M conr/ tided ; 


nition should not be withheld. AVith these works 
to build on and encourage him, no journalist 
not'd despair of being able to create a system. 

Personality in System. It ought not 
to be neeesanry to emphasise the fact that 
the organisation of a system of this kind 
does not in any way interfere with the 
expression of jH'rsonality and originality in the 
journalist’s work, but it is said sometimes, by 
those who do not properly appreciate the purpose 
of such a system, that it is a form of trading 
on other people’s work. Nothing could well be 
more absurd. Until men cease to keep books of 
reference no journalist need greatly trouble about 
criticism such as this. If we could remember 
everything in the world there would be no need 
for systems. The journalist’s cabinet of infor- 
mation serves the purjiose of a sign-post at 
cross-roads, of a diary on a busy man's desk, of 
an index in a book — that purpose and no other. 
It puts a man in possession of information 
which he has had the foresight to realist' as 
valuable, the patience to collect, and the ability 
to arrange, and he is entitled to use liis facts as 
much as any man is entitled to W'rite any book 
from knowledge such as could he obtained 
only from other books. The journalist who 
creates a system such as this may be safely 
relied upon to maintain the honour and dignity 
of journalism, and not to “ live upon oth(‘r 
men's brains." 

The Mission of Journalism. He may 

be relied upon to fulfil the great mission of 
journalism as Carlyle conceived it ; to maki* 
some comer of the world a little bopc'fuller, a 
little wiser, manfuller, and happier. Somewhere, 
behind the papers wt* buy lightly and read quickly 
and throw’ away, is the effort of a man to do the 
Ik's! he can. In the top room of a newspayier 
office in a Midland town there sat for y(‘ars, 
until not long ago, a man who wrote hard day 
after djiy. week after week, for a great pafK'i- 
with n nam#' known all over England. Nobody 
knew’ him, his name was nev(‘r printerl. In* saf 
ijuietly in his top room with a heap of copy at 
his elbow’. Eaeh night lie walkerl two miles inUi 
Iiis office ; at tw'o o’clock each morning he 
walked two miles home again, to the rooms where 
be lived aloni* with a fatherless boy who was all 
Ins care. One bitter wint(*r midniglit be reac*hed 
liome without his key, and such was the manner 
of this scribbler tlial be W'alk<*d two miles back 
to his office and two miles homi* again enther than 
W’ake up the little fellow’ who must be leady to 
start w'ork at six o'clock. They found him one 
day bc*nding over his desk, w riting his paragraphs 
with pain. “ It is dropsy, ’ In* said. “ It has 
come up, and up, and when it is up to liert', 1 
suppose it will l>e all ov(*r ; but . . . don't U'll 

Mr, ‘fhey took him from his desk and 

from his paragraphs, and the readers of tin* 
paper knew nothing of the hand that was still. 

He was just a maker of pajHirs, w’hat we should 
all try to be — a journalist and a gentleman. 

pdhwed by Printing 
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continued from pnge 474.*) 


By Profciaor HENRY ROBINSON 


A PAPER* on the l)acterial treatment of 
^ sewage was read before the Royal Society 
on May 11th, 1905, by Professor Marshall Hall, 
F.R.S., giving the results of a long series of 
exjierimentB by Dr. Chick. These were made 
by treating the same sewage on bacterial beds 
both on the “ contact ” and “ ]:K*rcolating ” 
systems, and the following eoneluHions deserve 
recording : 

1. Tho advantap'H of the continuous inetbocl would 
Hot’in to lie in the niudi more coniplcte aerution luid 
odificnt diffusion, and ol^o in tlic stratified diHtril>u- 
tion ill tho filter of tho diffoivnt stages of the sewngi 
jiunfication. 

2. Tn tho case of contact bods, liowovcr. dogging 
neco^^ltutcs tlie cleaning of the whole hod. an o\oecd- 
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their working with that of double contact beds, 
some percolating beds have been made 9 ft. 
deep and even more. Experience has proved 
that shallow beds give as good results as double 
contact beds, and with a smaller area of land 
required, which is in many cases a most im- 
portant consideration. 

Purification at Various Depths. As 

it has been the custom of the IxKal Govern- 
ment Board to insist that tho quantity of sewage 
discharged on to percolating l)edM shall Ik* 
govern^ by the cubical contents of the l>ed, 
the surface area being reduced as the depth is 
increased, the following table of experiments 
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inglv tiistiv jjrod'ss. Jm'oiu llusi ( oididci .it uud and 
ns a icsult of tin* pri'si'iit c\[)('niii( ntal stud\. the 
met hud (>t coiitiiiUDiis filtration would aj»{»<*ai to be a 
most nd\ aiitageoUH niolliod t»t juinhing Mwagi*. 

JJ. Till* coiituct filters did not \ i«*kl iicaily su( h 
gooil lehultH UH the eontinuoiis lilterH, 

The depths of percolating btsls must lie largely 
governed by the h'vel at \>hich the sevuige is 
discharged on to them, and at ^\hich the effluent 
has to be carried off ; also as to the shape and 
level of the land to be prepared for the construc- 
tion of the beds. For the puipose of comparing 


carried out by Dr. Reid, of Stafford, arc of im- 
})ortance as shoving the puritication effected 
at varying depths of shallow jH'reolating bc*ds. 

We shall now deal vith the various nicthods 
employed to deliver the sewage to, and distribute 
it over the smface of. a percolating K*d. As 
uniformity of distribution is a }K)int to be aimed 
at, the writer designed an automatic arrange- 
ment [ 47 ] to regulate the flow of sewage from 
the outfall sewer (after the sewage hacl pas<>cHi 
through a sedimentation chamber). 
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the sj>rmkler rotate. The endn of 
lliest' aims arc supiiorted by means 
of ti(' lods ti\(-d to the central 
coin ran 

\ spc'cial device is provi(lc*d by 
vhuh the spiinklci can deal auto- 
matically with a lion of sen age* vaiy- 
ing \eiy c onsidc*! ably m (juantity 
This IS lucompiishtxi by providing one 
set ot aims to deal nith the minimum 
flow, and anothei set to deal nith the 
maximum, the lattei coming auto- 
matically into 0 }>eration aftci the 
tirst namesi aie working at their 
full capacity 

Foi large bcxls, i xccedmg, say, 80 ft. 
in diamcder, the company make a 
special buoi^aril spnnklei m which the 
whole weight of the moving parts *s 
suppoiU’d by a buoy floating in a 
( hambei of watei at the centre of 
Tlie regulator is w()rkc*d h\ the flow of water the bed The sprinklei is riuvdc for Ik els xaiying 

a tuating a small nabi nlicH*!, which causc*js the in size from 15 ft to *200 ft m diameter 

I asin to re\ oi\ c 1’he rt 
\olMng basin is pioMckd 
with oiitncs foi chlncnng 
tht water into the hxtd 
bi»in below which has divi 
s,ons at the bottom each 
ch\ ision Ixung c onnt i U d w itli 
t tiough oi pi}x which 
iciording to the nunih( i of 
!c\olutions pti houi. Is led 
with the water flowing into 
the rc^ (living hasin 

Tlu re gill itoi can Ik ni vd* 

(t <m\ coindiicnt si7« or 
( i])a( lt^ and giai(d to .tin 
sp<cd dcsiud, a( cording to 
ilw \ohim( to b( dealt with .md distiilmtid The Stoddart Sewage Distributor, 
into the ditfci^nt pi]xs oi (haiincK to gi\< This is a toim of distnlmtoi on the |Ki(olatmg 

I iipph of watfi toi anv peiiod and to any piincipk. and has U'en successfully used at the* 

iiumlK r of places or aieas 
The Candy-Whit« 
taker Sprinkler. 

The distribution of 
sc n agt over j>c i < olating 
bdls by tins appaialus 
Is eflected by utilising 
the* pimciplc of the ]( i 
Fig 46 show s one in 
])(jsiti<>n 

The sc utigc Is delucrcd 
from lx low into a hxed 
\<r1ical hollow standaid, 
which pi ojec ts ahocc the 
ui*facc of the Ixxl , from 
this is hung a o ntral 
h isin oi ( yhndc r to whic h 
tlie . 11111 “, aic atkiehed, 
end which aic ))erforatad 
down one side Tlu 
sewage issues from the 
}K*rforitionh under a head 
of about () in , and, owing 
to the special construc- 
tion of the lx‘anngs, this 
1*“ sufficient to make 
4822 
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46. CANDY- WHITTAKER REVOLVING SPRINKLER 


outfall works of the Hor field Urban 
District CJouncil, Bristol, where experi- 
ments were carried out. Fig. 42 shows 
tho filter with the distributor on the top 
at A and the collecting channel C at 
the bottom. Pig. 48 shows the special 
arrangement of the distributor in oietail. 

The distributor A receives the sewage 
from the supply channel B. The recesses 
to receive the distributor are shown at 
X, y, and Z. The principle on which 
the distributor acts is as follows. The 
liquid is brought into a gutter, over- 
flows the margins provided with diamond- 
shaped holes, and on reaching the under 
surface it meets with a series of drip 
points, from which it drops upon the filter. 

Wilcox and Raikea Distributor. 
Another distributor is known as the Wilcox 
and Raikes [«]. and has been used at the 





47. AUTOMATIC' DlSTUIBl TOR 

Hanley outfall works. This arrangement con- 
sists of a trough, carried on tram lines, running 
up the two sides of a rectangular filter. The 
trough is propelled by an electric motor, the 
sewage ovorfiovs on to one half of the filter 
^vhile the trough i.s travelling in one direction, 
and on to the other half of the filter while 
it is travelling in the opposite direction. The 
t'ffluent from the septic tank at Hanley, which 
yielded 0*28 parts per 100,000 of albumin- 
oid ammonia, was distributed over a filter 


of saggers 4 ft. 6 in. deep, the material of which 
was between J in. and J in. in size. The effluent 
from the filter contained about 0 025 of albu- 
minoid ammonia, and 1 5 of nitrogen as nitrates ; 
the purification effected, as measured by the re- 
duction of albuminoid ammonia, uas over 91 
per cent. 

Other Rotary Distributors. Fig. 44 
shows the Fiddian distributor, which consists of an 
elongated water-wheel of from 9 in. to IS in. dia- 
meter, moving in a horizontal plane, fed from a 
tubular radial arm which encircles it, and connects 
it to the vertical centre stand-pipe through 
which the sewage is delivered from the tank 



48. adam’s revolving spray distributor 


The water-wheel is miuie to travel around the 
iH'd on wheels at its ends by the sewage falling 
into the buckets of the water-wheid a little aUivc 
the lev^el of its axis. The weight of the wattu 
in the bucket is the motive power. As the bucket^ 
approach tlie sur- 
face of the lied the 
contents arc* de- 
livered thereon in 
tine films, and 
thi'y rise dripping, 
they form a sprav, 
thus .sprinkling the 
8ev^age for the whoh* 
width of the wheel 
at eacli revolution, 
and aerating it. 

Fig. 45 ahov^s an 
automat ie distributor 
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emL KMCuNniiiNQ 

(made by Ham, Baker & Co.) for reeUinguIar 
stnvage tiller beds. 

The revolving distributor made by ^Mt'ssrs 
Ham, Baker & Co. is shown in 52. 

The sewage is conducted to the distributor 
by means of a horizontal cast-iron pipe. A, and 
issues from tlic central pillar, B, through tixed 
pipes, C, into a trough, D, fitt<Hl with distributing 
pipe^, E. The trough and pipes are connected 
by means of steel sus|>ension rods, F, to a head of 
cast iron, G, that n‘sts 
on the top of the pillar, 

J?, and is provided 
with ball bearings, H, 
suitably lubricated to 
allow the distribu- 
tion to revolve fiwly 
on the fixed pillar. 

This distributor lias 
l>ei‘n designed with the 
object of obtaining the 
full advantage of the 
initial head of sewage, 
in order to start the 


>b-. Scott-Moncrieff devised an apparatus [60], 
'llie objeet of it is to enable information to be 
obtained as to the best depth for the filtering 
material, and the amount of air required to 
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50. THE S( i)TT MO.\( KIEFF 

TESTIXC. APPAR.ATt S 


51. SECTION OF FIG. 48 

rotary motion, and 
thi> is effect ''d by tic* 
incoming r.ewag(5' 
*>triking upon blacle'i 
J.lixc'don the centra! 
trough, and it i^^ con- 
tinued l)V the sewage 
Issuing from the di^lriluiting jiipe.^, and being 
•-prinkled on to the filter b *d. 'J'he distributing 
]iip*s, E, have ^.parge hole.'., K, s]>aecd to give 
an equal distribution to the sewage over the 
whole area of the l)t*d. 

Fig. 48 shows an Adam’s Kc\ol\ing Spray 
Distributor applied to a percolating l>ed. The 
ron'-^ruction and working of t}li^ ajiparatus is 
slio^\'n in 51. 

Testing Apparatus. ]\Ir. W. D. .Scott- 
^Moncrieff has devoted much time and care to 
study the l>e.st conditions under which sewage 
or polluted water can be purifie<l in filters by the 
intelligent utilisation of the micro-organisms 
whu’h nature develops in them, .so as to ensure 
the organisms working under favourable circiim- 
stanees and environment. .This involves the 
ado[)tion of means tojirevent the development of 
fibrous and gelatinous growtlis wliieh are inimical 
to the changes which the bacteria can effect, and 
which at the same time choke up and diminish 
the efhciency of the tilUT. To prevent the 
formation of these growths, or to cause their 
disappearance if they have formt‘d. oxidation 
is essential eithej* by resting the filter or 
by regulating t})c amount of fluid that is 
passed through h After many exf>enment« 


2. THE HAM-BAKER REVOLVrNG PISTRIBITTOB 

oxidise any particular sewage. The sewage 
is discharged on to the top layer of filtering 
medium by means of a tip|>er which is fed by 
a regulating tap. This tipper can lie adjusted 
to rt'giilate the rates of flow and discharge. 

The unit of surface adopted in this appa- 
ratus is 3 sq. ft., as it is considered that 
this ensures a practicable arrangement for 
the measni'cment of the air, and a suffi- 
cient flow of sewage to be capable* of neeiiraU^ 
regulation. \ shallow’ box, 1 ft. square, is 
plaecMl upon any part of the filter bed to l)c 
dealt with. If the distribution of the sewtigc^ 
over the lied is-^at the rale of 1,(KK),()0(I 
gallons jxr acre in 24 hours, the n})paratuH 
must discharge into the lx)x one pint eight 
time.s an hour. This liox and a pint pot 
are all that is required to enable accuracy 
of dLstribution to \xi tested. The depth 
of the tilter represented by llu* apjmratus is 
taken at ti ft., so that the re will Ik* a unit of 
IS cubic ft. of tillering material with .3 sq. ft. 
surface. 

Samples of the fluid passing tlirough the 
apparatus can be taken from the taps as shown. 
They are tixed in echelon so that .sanipl“s can 
be drawn otT simultanc*ouHly for evc*rv foot from 
one to six. 

By employing this apparatus it is elainu'd that 
the dejith of filtc*!* nc*eded for any reipiired 
standard of purity can be* d(*tc*rminc'd by simul- 
taneous analyses from all the* sanijiling taps, 
'riie rate of air supply, of the flow of the liquid, 
and the jK*ri(xls b(*tween the discharge's, can be* 
noted, and j)lotU*d on a diagram, from wliieh 
conclusions can be dc^duee^ to determim* the 
four principal factors — namc'ly : 

(а) The depth of filter reejuirctl to i)roduee the 
iipf^essary standard of purity in the efilucuU. 

(б) Tlie ({uantity of air necessary for the lihe pro- 
c-eHses of tho organisms. 

(r) Tlie proj>er rate of flow |kt unit of filter-bed 
surface in order to obtain tl»o bust rf*Hults. 

(d) The b<*Ht f)orkK) cd rest bedwoen each dis- 
ehargo to prevent gelatinous growths in tlic filtering 
inatOTial. 


Sr.wEKACE (rmrluded, followed by Refuse Destru<tion 
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SOCIOLOGY 

Woman and the Survival Value of Societies. How Society Would Disappear 

8 

in One Generation. What Woman May Gain and What She May Lose 

. 
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By Dr. C W. SALEEBY 


^LOSEL\ allied to the study of the funda- 
^ mental social institution of marriage is that of 
the place and functions of women in society. 

Past socic)logi(!al theory has shown two 
extremes in its analysis of this question, while 
the more modem view is that the truth lies 
somewhere between tluise extremes. On the one 
hand we have what may lie called the theory of 
matriarchy, which we owe to the sociologist 
]ia(*hofen. Arguing from the known fact that 
among certain contemporary peoples descent is 
often traced through the mother alone, this 
thinker inferred tliat at one stage in the past 
societies were dominated by women, as the 
word matriarchy suggests. In this theor\' he is 
supported at the present day only by Dr. L(‘ster 
Ward, the distinguished American sociologist. 
Wc‘ have not room here for a full discussion 
of this subject. We can only say that contem- 
porary scKuological opinion has condemned the 
matriarchal theory — a theory which certainly 
seems contrary to all probability and ex|>erience. 

The Saddest Thing in History. 
At the other extreme is the view' that in the 
earliest and rudest communities the place of 
woman w’as hopele.ssly d(*graded ; that .she did 
all the drudgery, and was regarded by primitive 
man as little better than a l»east ot burden. It 
pt‘ems true that the subjection of woman htus 
been less extreme than .some* have supposed, 
hut we may h(*re quote three classical expi*es- 
sions of the older view. In his “ Desetmt of 
Man ” Darwin says : “ Man is more powerful 
in body and mind than woman, and in the 
savage state he keef>8 her in a far more abject 
state of bondage than does the male of any 
other minimal.” Li'tourneau siiys : Almost at 

the origin of Imman society woman wa.s sub 
jugated by her companion. We have s^^n her 
become in succession l»eaat of burden, slave , minor, 
Fubj€*ct, held aloof from a free and active life, 
often maltreat^nl, oppressed, jainished with fiirv’ 
for acts that her male owner w'ould commit with 
impunity before her eyes.” Livstly, we may quote 
from Heii>ert Spencer’s “ Principles of Et hics ” : 

“ In the history of humanity as written the 
saddest part conr.ems the treatment of women ; 
and had we before us its unwTitten history wo 
should find this part still sadder. 1 say the 
saddest part because, though there have been 
many tilings more conspicuously dreadful — 
cannibalism, the torturings of prisoners, the 
saerificings of victims to ghosts and gods — these 
liave been but moasionaJ ; whereas the brutal 
treatment of woman has been universal and 
ecjnstant. If, looking first at their state of sub- 
je<‘t ion among the semi-civilised, we pass to tlio 
umuvilised and observe the lives of hardships 


home by nearly all of them — if we then think 
what must have gone on among tho.se still ruder 
])eople8, who for so many thousands of years 
roamed over the uncultivated earth, we shall 
infer that the amount of suffering which has been, 
and is, borne by women is utterly beyond imagina- 
tion. . . . Utter absence of sympathy made 

it inevitable that women should suffer from Uic 
egoism of men, without any limit save their 
ability to bear the entailed hardships. Passing 
this limit, the ill-treatment, by rendering the 
w’(>men incapable of rearing a due number of 
children, brought about disappearance of the 
tribe ; and we may safely a.ssume that multitudes 
of tribe.s disappeared from thi.s cause, leaving 
behind those in which the ill-treatment was less 
extreme. ’ 

Man’s Abuse of Power. On this Dr. 
Lester Ward remarks that he must protest 
against the term brutal, “ since, as has been 
seen, no male brute maltreats the female, and 
the abuse of females by males is an ex( lusively 
human virtue.” 

Profes.^(>!‘ Westemiarck, however, has lately 
made an exhaustive study of this subject, and 
he has shown that while it is doul)tle>s true 
that the position of women amone the lower races 
is often one of abject slavery, yet, on the %vbole, 
the po.sition of w'oman has l)een much less 
dcgrjult'fi than earlier sociologists and popular 
opinion ini engine. That is, of course, by no means 
to suggest for a moment that the treatment of 
wonuin in society in the past has been just, 
’fhere is abundant w arrant, even in tlie light of 
the most m-ent researches, for the line words of 
the great French sociologist Condorecl ; 

‘‘ Among the advances of the human mind 
most important for the general welfare we 
should number the entire destruction of the pre- 
judices w'liidi have produced hetw'cen the si*xes 
an inequality of rights injurious even to the 
favoured s(‘x. In vain is it sought to justify it by 
differences in their physical organisation, in the 
strength of their intellects, in their moral sensi- 
bilities. This imHjuality has had no other origin 
than the abu.se of power, and it is in vain that 
men have since .sought to excuse it by sophisms.” 

The Injustice of the Church towards 
Woman. Whei'eas it is tlie tendency of the 
highest forms of religion to elevate the status of 
woman, it is the lamentable truth that most of 
the prominent religions of the world have had 
a tendency to treat women as inferior lieings. 
Unfortunately, the Early Christian Fathers con- 
curred in this view, many of them holding that 
woman did not possess a soul. Few more 
horrible and disgusting things have been siwd 
aV)out woman than stand to the record of some 
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of these writers. Woman has been in all ages 
the great upholder of religion, but it has done 
her little temporal service. 

On the other hand, we may point the im- 
measurable contrast between the corruptions of 
Christianity and the first and supreme assertion 
of justice to M’oman that is to be found in the 
8th chapter of St. John : “ He that is without 
sin among you. let him first east a stone at her.*' 
Here we have expressed in the teaching of the 
Founder of Christianity the doctrine which 
Christianity itself, like other religions, has un- 
fortunately failed to live up to, but to which in 
this age we are sloAvly approaching — the doc- 
trine that the code of justice and of morality 
can make no distinction in man’s favour as 
against woman. The study of English law shows 
that we are still far from realising this ideal, but 
we arc beginning to offer it formal recognition. 

We must now leave the liistorical as]H'ct of 
this question, but in doing so we would remind 
the reader of the extreme significance which is 
to be attached to the last sentence of our 
quotation from Herbert S{)enccr. It is there 
suggested that ^^hen the condition of woman 
becomes too hard, rendering her unfit for her 
supreme function, the society in 'which this 
occurs must disappear. Here, again, in another 
form, is an assertion of the principle of sim'iml- 
fxduc, which we LiVoked in our study of marriage 
and its varioas forms. It w ill be well for us to 
look a little more closely at this principle of 
survival-value, one of the few fimdamental 
principles of all soc-iological theory. 

The Right to Live, If we survey the 
whole world of living thmgs merely as 
individuals, we discover that everything that 
lives lives because it can. Nature knov.^ no 
other right than might, and until we enter the 
moral «phere of civilised human life we find that 
the right to live depends upon the might to live. 
Now, all living species, animal or vegetable, tend, 
in anything like tavourable circumstances, to 
multiply, and as the supply of food and standing 
room, though large, is finite, it follows that of 
the new g<^neration of any species the fittest 
tend to survive — ^Nature selects them. This is 
the great biological principle that Darwin called 
Natural Selection, and 'which he adduced in 
explanation of organic evolution. As he himself 
recognised, the term is not satisfactory, since it 
suggests an active choice on the part of Nature, 
and since it does not explain the principle of 
survival. Herbert Spencer introduced the term 
“ Survival of the Fittest,” which Darwin was 
glad to insert in the second edition of “ The 
Origin of Species.” The rule, then, is that the 
fittest survive, and they do so in virtue of 
characters that have* survival-value. In the 
tiger these are teeth and claws ; in the horse, 
strong muscles and a tough stomach ; in the 
bird, feathers ; in the microl>e, poisons or toxins ; 
in the oak, a watiTproof coat and green leavers. 

But what is true of the individuals of any 
race oi h[K‘ci(‘q ls also true of any spt'cies as 
against any other species, or of any society as 
against any othf*r society. The principle of natural 
selection prevails here. In studying the eharact<*rs 
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of any society, therefore,we have to recognise ^at 
the social organism, like the individual organism, 
depends upon its might for its right to live, and 
its might depends upon the possession of 
characters that have sufficient survival-value, 
both from the point of view of the contest of 
society against the conditions of its environment, 
and its contest with societies around it. Just 
as the fundamental principle of individual 
evolution or organic evolution has been this 
principle of an automatic process by which the 
fittest survive, so also this has he^n the funda- 
mental principle of social evolution and of the 
evolution of social institutions. 

The Value of Woman to Society. 
Ever^’’ competitor for existence or for [H‘rHi8tence 
as a character of living things, or societies of 
hv’ing things, has to pass through the ordeal of 
natural selection. We saw’ how the dominant 
form of marriage has succeeded in being 
dominant, despite its lack of attractiveness to a 
veiy large proportion of men. simply becausi' it 
has 8U})rcmc survival -v’alue for tne society in 
which it flourishes, and bt*cause societies in which 
other forms of marriage prev^ailed haw ])ro\'tHi 
less fit. Thus \\e have a simple but universally 
applicable criterion by which \\c should be 
enabled to judge of an^ social character or 
institution, and in considering the woman question 
we must not lose sight of this principle. 

Suppose, for the sake of argument, that 
vNomen, as a whole, desired to dev^otc their 
liv’es to the same activ’ities as men ; suppose, 
also, that in doing so they achiev^ed grt'at 
personal happiness and the utmost success ; 
su])pose that they added incredibly to matt‘rial 
wealth, to inv’ention, scientific discovery, and art, 
and mort* than prov’'Kl their title to rank as the 
equals of man in these respt*cts. From th(‘ point 
of view of the individual, such activities v\ould l»c 
justified; but our business is to hold fast to the 
fimdamental truths of biology, and tluTcfore, as 
sociologists, we should be compelled to condemn 
without any qualification such a prosjK‘ct. Mag- 
nificent though tlu^se achievements might Ik‘, 
they would have no surviv’al-v’alue for the 
society that display€‘d them, for where mmUl the 
babies come frcrni ? Such a society, though 
wealthy, learned, cultured, would utterly dis- 
apjiear in one generation. Its place would l>e 
taken by some sav^age horde, the women of which 
were mothers, and in a few years all its store of 
learning and art would utt-erly disapjiear. Its 
civilisation would have stultified itstif. This, of 
course, is all perfectly self-evident, and y(‘t 
sometimes it is the most self-evident truths that 
are the most forgotten. Now, having firmly 
grasped our first principles, let us turn to the 
question of woman’s place in society to-da3^ 
The First Condition of Survival. 
The first condition of the survival of any race 
or society is evidently that its individuals shall 
be capable of leaving doscimdants to establish 
the continuity which is the meaning of survival. 
Now, it is a permanent and ultimate fact of 
biology that woman’s part in this function is 
necessary and difficult. In fact, we have to faro 
in the case of every woman-assuming that she 



docs the work for which Nature intended her — 
an “ antagonism between individuation and 
genesis.” l^s phrase was used by S{)encer in 
elucidating his wonderful discovery of the law 
of multiplication in living things. 7'he phrase 
simply means that since the total stock of energy 
possessed by any individual is finite, if that 
individual spends all its energy upon its own 
development or individuation, it will leave none 
for reproduction or genesis. Whereas, on the 
other hand, if it devotes all its energy to genesis, 
as microbes do, none will bo left for its own 
individuation. Now, in the case of man th(* 
biological aspect of this antagonism has lieen 
extremely simplified. The facts are such that 
sc arcely any appreciable expenditure of energy 
is required from him for any but the purpose ot 
indi^^duation. Ho is free to expend practically 
his whole physiological income upon himself ; 
there are no other claims which interfere apjireci- 
ably with the claims of his individual business 
in life, whatever that may be. 

The Output of Human Energy. But 
when we consider the case of woman w’c find 
that this “ antagonism between individuation 
and genesis” becomes ac-ute and critical. We 
find also that the female organism normally 
slum's a definitely diff(Tent tendency to that 
of the male organism. Woman’s actual output 
of physical energy is definitely less than that 
of man in the proportion of about five to eight. 
But there are two kinds of energy, potential 
and kinetic: and this estimate is concerned 
only with kinetic energy — the energj' of mov(*- 
ment and action. It is the peculiar charact<*r 
of the female organism that it tends towards the 
accumulation of jiotential energy rather than 
towards the output of kinetic energy. Biolo- 
gists speak of the chemical functions of the 
body as metaholifiin . Tliosi* which involve the 
breaking down or analysis of complex chemical 
compounds with the lil>eration of kinetic energy' 
are deseribt'd as katalioHsm ; while those pro- 
cesses which tend towards the at'cumulation of 
potential energy in the form of complex com- 
pounds — proees.ses more extensively illustrated 
in the vegetable than in the animal —are de- 
scribed as atudK)lijini. This dist inctioii has already 
been discussed in the course on (’heniistry. 

The “ Gain and Loss*’ Account. Nov, 
it is a demonstrable fact that tlie female orga- 
nism is, on the whole, amiholic rather than 
kaiaholiv in t/cndeney, as was brilliantly proved 
by Professors Ceddes and Thompson in their 
famous book “The Evolution of Sex.” They 
summarise their main proposition a.s follows : 

“In all living creatures tluMv are two great 
lines of variation, primarily dt'tt‘rmined by the 
very nat ure of proiophismie change* (metabolism) ; 
for the ratio of the constructive (anal)oli() 
changes to the disruptive (kalabolic) ones — 
that is, of income to outlay, of gains to los^e.s — 
is a variable one. In one sex, the female, the 
balance of debtor and (‘reditor is the more* 
favourable one ; the anabolic* processes Umd to 
preponderate, and this profit may be at first 
devoted to growth, but later towards offspring, 
of which .slie hence can afford to bear the larger 


share. To put it more precisely, the life ratio 
of anabolic to katabolic changes, in the 
female is normally greater than the correspond- 
ing life ratio, “ ^ in the male. This, for us, 
is the fundamental, the physiological, the con- 
stitutional difference between the sexes ; and it 
becomes expres.scd from the very outset in the 
oontra.st between their essential reproductive 
elements, and may be traced on into the more 
superficial secondary sexual charac ters.” 

A Definite Limit to Woman’s 
Activity. Therefore, if woman is to continue 
to disc*harge thost^ anabolic functions, consisting 
in the accumulation of potential eneigy for her 
unborn children, or the provision of their nutri- 
ment after birth, upon which the continuance of 
the race depends, there is a definite and necessary 
limit set to her external activities — to thrit 
output of kinetic energy which dep<*nds upon 
what the physiologist calls katal)olism. She 
cannot both cat her cake and have it ; cannfU 
both accumulate energy for the racial lift* and 
expemd it for her individual life. Suppose, for 
the .sake of argument, that man and woman 
have each one hundred units of energy to 
utilise. Man. wlio does not l>ear ilic brunt of 
th(* reproductive function, can afford to spend 
his energy on external activities. Woman may 
spend all her energy similarly, and may success- 
fully compc*te with man as an (N-onomic unit ; 
but. if she does so, she will have no entTgy left 
for the supremc‘ly important function which she. 
and none other, ean disc*harge. // ic^mnn fv 
to continue to be mjmnn she cannot rotupde on 
(ffuat terms with mxin so jar as extirnnt nctintii.s 
are eoncerrifri. If she attempt.s to hc*eomc man 
and woman too. she is apt to end by failing to 
Im* cith(*r. But if woman does not continue to 
be woman, tliere is an end of human history, 
the resoun*es of scienc*e notwithstanding. 

The Supreme Function in Life. The 
])robl(‘m for woman, then, is to expend her 
tinite .stex'k of energy so as to discharge w ithout 
mutual injury both her duty to the race and 
her duty to herself. It is true that she can enter 
into (‘conomic competition with man, hut in so 
doing .she is bound to neglect lier duty to tlic 
race. This is conspicuously true of the married 
woman w'ho is also a w'ag(*-earner. As the 
present writer has said elsewhere, she spends all 
Iier physiological capital for tliat whi(‘h 1*^ nt)t 
bread ; and there is none left to endow' her 
ehildn*n, l^orn or unhoin. Our u'it»*rion of 
.survival- value will enable us to n*cogni>e that, 
in d(*olaring an economic equality of the .sexes 
to he unattainalfie, we are not de<.*rying hut 
are exalting woman's value to S(x*iety. Her 
eliaraoteristic powers are not of et-onomic value 
in the narrow and stupid sense of that term ; 
but, on the other hand, since these characteristic 
pow’crs of hors are absolutely indispensable 
to society, it wall be evident that the conserva- 
tion of them in tlu* fullest degree is the conserva- 
tion of a factor which is of .supreme survival- 
value. It has often In^en said that woman 
lowers herself and loses her dignity by her 
anxiety to enter into economic competition with 
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man. Hert\ however, we are not eoneerned 
with any questions of dignity or chivalry ; our 
business for tlie moment is to discover the 
fundamental conditions which are necessary 
for the continuance of any society, and the 
first discovery we make is that there is no male 
function which can rank in practical importance 
l>esido woman's functions in respect of the 
production, the nourishment and the up- 
bringing of children. It is. therefore, properly 
^pcaking, a degradation of function for woman to 
leave this supreme work, which she alone can do, 
and to concern herself %\’ith lower functions which 
others can do. We advisedly call them lower, 
and the adjective is justifiiH^i on every ground. 

Women’s Functions are Higher than 
Men’s. The functions which men can discharge 
iire lower than those of woman, and, in the first 
]>lace, Inx-ause they are ethically inferior. Whercivs 
man's business is essentially selfish unless he 
l>c a husband and father, the characteristic 
business of a woman is esst*ntially unselfish. 
Ihit man's functions an* lower than woman's 
even from the men* st.and}K)int of political 
economy. As ^Ir. Sidney Webb has lately 
'•aid : “ We may at last understand what the 
nuxlern economist means when he tells us 
that the most valuable of the year's crops, as 
it is the most costly, is not the wlu*at harve.st or 
the lambing, nut the year's quota of adolescent 
young men and women enlisted in the pro- 
ductive service of the community ; and that 
the due production and l>ost possible cart* of 
this particular product is of far greater eon.se- 
quence to the nation than any other of its 
occupations." As the present writer ha.s said 
♦‘Isewliere. “The only material of which empires 
liiiM e\cr been or ever will l>e built is human. 
A\’heii there fails an adequate supply of such 
matM’jal. or \^hen it cea.s^*s to be ot the stuff of 
vhich empires are made, the fiat of doom has 
gone forth — the ‘ decline and fall ’ are at hand.'’ 

Economic Competition Degrades the 
Sexes. Expert.s may talk of (*xport8 of cotton 
or vooi or ^h.'t not, and may ap^iraise by this 
mean-> our Kmpire's lift* and vitality, but the 
state of its human produce, whether retained 
for home consumption or exported across the 
.seas, is the sole valid criterion which the serious 
student can admit. 

“ III fares the land, to hastening ills a prey. 

Where wealth accumulates and men decay.” 

But no finer and more convincing passage can 
l>v. quoted than this from Ruskin: “In some 
fai-awa}' and yet undreamt-of hour, I can 
imagine that England may cast all thoughts 
of pos.sc.s.sive wealth back to the barbaric nations 
among whom they first aros(; ; and that she, 
as a (’hristian mothci, may at last attain to the 
virtuc.s and the treasures of a heathen one, 
and Ik* able to lead forth her sons, . saying, 

‘ Thesi* are my jewels.’ ” 

These*, of course, are merely various ways of 
saying that the survival- value for society of the 
functions fK culiar to women is greater than that 
of any functions which can be discharged by men. 
This assertion of the dignity and importance of 


motlierhood is, of course, no novelty. It has been 
preached by poets and moralists for ages, and is 
certainly indejiendont of the assertions of any 
science; but the fac't remains that it can be 
verified on purely biological grounds, and quite 
apart from any sentiment on the part of the 
sociologist. There is abundant warrant, therefore, 
for the assK'rtion that the economic competition 
of w’omen with men eonatitutes a degradation of 
their sex. It is tnie that this competition tends 
to make the struggle for life harder for man, 
and his opinion on the subject may be sometimes 
due to his desire to free himself from an unwel- 
come competitor. But it is certain that in the 
last resort such competition injures both sexes 
and society at large. 

The Verdict of Physiology. Now, it 
is a remarkable fact that physiology records in 
woman’s })t*rson its verdict upon this matter. 
The bodily or physical characters which give 
woman her distinct iv^eness and charm depend 
upon an adequate preponderance of anabolism 
in her functions. If the due balance be upset, it 
is found that the woman approximates to the 
masculine type. The change is shown in the 
figure and in the physiognomy. ’J’he functions 
characteristic of her sex are no longer discharged 
— this statement being true alike of the woman 
who devotes herself to hard, intellectual w'ork, 
and the woman who devotes herself to athletics. 
It is a somewhat remarkable fact that the same 
physiological results should follow^ from occupa- 
tions so utterly different. Their point of agren*- 
ment lies in this — that they both interfere witli 
th(* phy.^iological balance of the female organism. 
It is to Ik* observed, further, that flu* (‘hara(‘ter- 
istic psychology of woman dejiends upon her 
womanline.ss, and disappi*ars when she loses it. 
She may gain in the })owcr of abstract reasoning, 
and in a Hi‘ntimcnt for justi(‘c rather than mercy; 
but she loses in intuition, in sympathy, and in 
other feminine characters of mind which arc 
of vahic both to the individual and to the race. 

The Just Claims of 'Woman. The 
question then is, what are the just claims of 
w'oman— that is to say, claims the granting 
of which is coii. pat ible w ith her womanliness and 
with the pre.servation of that survival- value 
which de|K*nds upon it ? The vor}^ last thing 
Avhich may rightly be inferred from what wc 
have said is that it is woman's duty to give 
herself up exclusively to the reprocliictivo func- 
tion. We desire a due balaiu e l)etw (*en anabolism 
and katabolism — not the jK*rformance of the 
one to the total exclusion of the other. That 
any individual shall give h#*r.self up entirely to 
“ genesis,” and ignore “ individuation ” alU)- 
gether is to reduce hersc*lf to th(* level of .the 
microbe. Merely we assert that the diff(*rentia- 
tion of living organisms of thehigh(*r spc'cies into 
two sexes is evidently warranted by Nature, 
the “ evolution of sex ” being a biological fact 
w'hich plainly must have some survival- value 
for every 8j:x*cies that exhibits it ; and we shall 
not safely flout Nature by any atU‘mj)t to abolish 
this differentiation and make woman only a 
smaller variety of man. 
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As n preliminary to the treatment by pressing 
or by solvents the seed or kernel is ground finely 
by passing it between }X)werful stone or ii'on rollers, 
or it is broken up in disintegrators. 

PreSBing. The hydraulic pres.s is now em- 
]»loyed in the most modern oil-mills, the earlier 
forms having been now almost entirely suj)erseded. 
If the colour and taste of the oil- 
]>roduct have to be considered, as in 
the case of castor oil, or of salad oil 
from cottonsee<l, the crushed seed in 
the form of meal, i'^ placed in bags, 
and pre.ssed in the cokl at a pressure 
of about two tons }>er square inch, 
riie pn'ssed cake still contains a 
considerable proj>ortion of oil, the 
hulk of which is removed— as a 
product of lower cpiality, to be used 
for manufacturing j)ur]X>ses— by 
disintegrating the cake and jiressing 
it hot. 

When the maximum yield of oil 
]s the main object in vh‘w, and the 
prodiK-t is not required for e<lible 
]*ur|K>ses, the meal, which is ine^in- 
hile kept moist !»y ste un, is heated 
to alxmt 70 to 80 C. in a steam - 
jacketed ves'jcl provided with a 
meclumical stirrer. It is delivered 
into a measuring box, then placed 
in cloths in a moulding mac’hine. l, EXTRACTION 
aiul gently presst^’ into shajK*. The aI’I’AHATVS 
l akev thu^ fornn^l are then subjected 
to high })re^sure and the expressed oil collected. 
The cake« are removed and the oily edges trimmed 
off to l»e ground and re-pressed. The cake still 
contains about 10 }>er cent, of oil, and in the case 
of certain seed.s is largely used as a food-stuff for 
c.ittle. Fig. 2 shows the Anglo-American form ot 
})ress now largely employed. 

Extraction. In the ])r(x?ess of extraction 
hy means of solvents the agents emplovc'd are 
generally petroleum spirit and c.arl)on bisulphide. 

N’.inuiis forms of apparatus are used for the juir- 
i»ose. If the extraction is carried out in the cold, 

I he solvent is made to }»ercolate through the ground 
seed contained in a series of closed \es.scls. Other 
forms arc constructed on the princi]>le of the 
.'^’oxhlet a^'pa^atu^ [Ij, where a condcnsiT is eon- 
ncic’ted at 1. These allow of continuous extraction 
itli a reduced quantity of the solvent, which is 
heated. When the mass has lieen completely 
extracteil, the solution is withdrawn, the .sidvent 
distilled off and eondensed, to tn* used over again, 
while the extracted oil remains. 

R^endering. In this process, wdiich is ajiplied 
to the rough jatsoi animal origin, whereby the tallow, 
laixl, or oth“r fat is separated from the tissue of 
nitrogenous non-fatty matter, the materials are 
sometimes simply exposed to dry heat, when the 
fatty matter melts aw'ay ; but generally they are 
hoiled with water, and subsequently with dilute 
sulphuric acid, when the clean fat rises to the 
surfa^*e and is skimmed off. 

'I'he heating of the materials with water under 
pre.^'^ure in a digester fitted w'ith a false bottom, 
as shown in 3, is now' becoming more general. 

This method is the most effective, and oiniafi's 
tlie j)f<Kluction of the disagreeable odours wdiieli 
pro\<- objiH-tioriable in the other forms of the 

prwesK. 

Methods of Purification. The oil 

or fat, having U'cn sejmrated from the seed or 
animal tissue by one or other of tlie j^roeesses 
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described, contains some water as well as albumin- 
ous or fibrous matter ; for the removal of these 
it is generally t^inssed through a filter- press f<|], fi|om 
which it flows in a bright and clear condition. 
The agitation of the heated oil or fat with such 
agents ns fullers earth and animal charcoal often 
effects a marked improvement in colour. 

Treatment with chemicals for the removal of 
foreign dark-coloured substances requires to be 
applied with care. Agitation with from 1 to 2 jier 
t‘ent. of comparatively strong sulphuric acid at 
about 70° C. is employed with advantage in the 
case of such oils as rape and linseed : the foreimi 
matters become charr^, and settle out, when the 
clear oil can be separated and washed with warm 
water. 

Cottonseed oil is refined by agitation with a 
solution of caustic soda of 1*05 to 1*10 H]>e<!ific 
gravity, at about 50° C. ; the minimum quantity 
only is used, but sufficient to combine with the 
free fatty acids and the colouring niattcT. The 
dT'olorisod oil rises to the surface and is removed 
and washed, while the soa}) and mucilage remain 
underneatli. This prot'ess is emploveii also for 
the refining of other oils and fats, where a ]X‘r- 
fectly neutral (fatty acid free) product is requiitnl. 

Bleaching by such agents as manganese dioxide 
and ]H)ta.ssium hi hromate, in ])resence of sul- 
phuric acid, depends u|K)n the action of the nascent 
oxygen formed ; the use of ozone has been recom- 
mended. The bleaching of palm oil is generally 
effected by treatment with ])ota8siiim bi^-liromate, 
and hydroi'hloric acid, and sometimes by air. 

We shall now' briefly descrilie the origin, pr()|HT* 
tie.", and nppbcations of tin* principal oils and fats. 

Olive Oil. This oil is obtained from the 
fleshy part of the fruit of the olive-tree {Olcn 
Kuropan s|H*cies) by pressing and by extraction. 
There are manv commercial vari(‘tics of the oil. 


Tho.se from Provenc(‘ and Tuscany arc considcrwl 
the finest ; other qualities are obtained from 
the fruit grown in Spain, Turkey, (freeee, in Cali- 
— fornia, and in South Australia, 

etc. 4'he (piality of olive oil 
de|»c*nds ii|)on the origin of 
th(* fruit, and other circum- 
stances ; the finest is pale 
yellow in colour, almost 
odourless, and pleasant to the 
taste, while the lower quali- 
ties arc green in colour, and 
have a riau.sooiis odour and 
acrid taste. 

Olive oil is com |K)Hed mainly 
of olein, with smaller pro|X)r- 
tions of linolin and })alniitin. 
It may l>e looked iqion as an 
example of a nov-drying oil. 
The proportion of free fatty 
ac ids present in the commer- 
cial oils depemds u|>on the 
care with which they have 
Z. AN(.LO- AMERICAN ))ei‘n prepared, and ranges 
OIL PRESS from less than 1 wr cent, to 

2.-. }HT ™„t. tlu. 
gravity of the oil diminishing 
as the fatty acids iruTease. 

The finest qualities are n*>ervod for edible 



purfKises; other varieties are used for burning, for 
the lubrication of machinery, in the manufactun* 
of woollen goods, in dyeing, and for soap-making. 

Olivcj oil, on account of its relatively high price, 
is very frequently adulterated, cottonHeed, urachis, 
rajKJ seed, and other oils l>eing used. 
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Olive-Kemel Oil, hb itR name irnplion, 
is obtained from the hccmIh in the olive HtoncH ; 
it eloHely reHombles olive oil, but i.s higher in specific 
gravity. 

Almond Oil. Almond oil is expresse*! 
from either bitter or sweet ahnonds, and is quit/C 
distinct from the essential oil of bitter almonds. 
It has little odour, a mild taste, and is pale yellow 
in colour. It withstands a very low ttunperaturo 
without becoming solid, and is em])loyed largely 
in pharmacy. 

Arachis Oil. Arachis (carthnut, ground- 
nut, peanut) oil is obtained from the nuts of Ara^ 
chis hyjHygaa, a ])lant indigenous to America, 
but cultivated in Africa, India, and other countries. 
'I'he oil is jiale yellow in colour, and possesses a nut- 
like odour and taste. The finer qualities arc used 
as salad oil and for the adulteration of olive oil, 
and the inferior qualities for soap-making. 

Cottonseed Oil. C'otton.seed oil has recently 
become a product of much commercial imj)ort- 
ance, and is exjae.ssed in large quantities in Amerie.i, 
KurojK*, and (ireat Britain from the heeds 
of various cotton tre«*s of the (Jossypinm. 
sjieeieK cultivated in the Unitx'd States, in 
Kgypt, East India, etc. The seeds yield 
fiom 20 U) 2.1 j>ei‘ ernt. of oil. 

The crude oil is d.irk brown, or nearly 
black, in colour, and is retined by treat- 
ment with alkali. 'Fhe refincKl jaasluct 
is pale or golden yellow in ( olour and has 
little taste or snu ll. 

('oltonseed oil may b(' considered as a 
tyfw of a srnii-d tying oil. When air is blown 
through the heated oil oxygen is absorlied, and llie 
six'cifie gravity and the visco.sity of the oil arc 
raised ; the result inu blown oil is employed m ad- 
mixture with mineral oils for lubricating machinery. 

liefined 'ottonst^ed oil is used to some extent 
for edible puryHisi's, and tor th<^ adulteration of 
olive, lartl, and other oils ; very large cjuantitich 
are employed in soaii-rnaking and m the manu- 
facture of margarine. 

Maize Oil. Aljize (corn) oil is obtained 
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from the seeds of Zea maySy and is iiiijiorted from 
the United States of America in large quantities. 
It is golden yellow in colour and has a ix'cnliar 
taste. It is employed principally in the making of 
soft soap, and to a smaller extent for edible 
purposes, and for burning. 

R.ape Oil. Rape or colza oil is obtained 
from the seeds of lirasHicu cawjnstiix^ and from 


many varieties of this plant grown in France, 
(jicrmany, Russia, and India. 'Fhc seed contains 
from 33 to 43 jicr cent, nf oil, and the quality of 
the latter varies with the origin of the se<*d. The 
crude oil, obtained by the pressing or extraction 
of the seexl, is dark brown in colour, and is refimsi 
by treatment with sulphuric acid. The refined 
firoduot, as it occurs in commerce, i.s light yellow 
in colour, and has an unpleasant taste and charac- 
teristic o<lour. 

Ra|)e oil la-havcs like cotton.seexl oil when sub- 
jet'ted to air blowing, and stands between drying 
and non-di ying oils. Chemi- 
rally, it couMsts mainly of 
stearine, ol'ein, and erucin, and 
IS (leculiar in (lossehsing a some- 
what low Scifioiiirication value. 

Largo quantities of rape oil 
are used for lubricating pur- 
)) 0 >cs, and •^mailer projiortions 
tor burning and in the making 
of soft soa)). 

Linseed Oil. Linseed 
oil is obtained by pressing the 
seeds of the Hax plant {Linum 
lOiitati'ifiinimn)^ which is grown 
principally in India, Russm, 
the United States, and Brazil. 
'I'hc seeds are liable to ad- 
mixture with the seeds of 
other plants, and this some- 
times seriously affects tlu* 
quality of the oil : the pr</]K)r- 
lion of oil present ranges from 32 to 40 per cent. 

'I'lu* crude oil i.s generally retined by me.ms of 
.sulphuric acid. Tlie purified oil is yellow or 
light brown m colour, and |K)ssesses an acrid 
ta-tc an<l -‘Omewhat strong odour. The chemr al 
com|) 0 'sition tit linM‘cd oil is not definitely known, 
but ihe glvt’ei ides of linolie aeid. L'| and 

linolenic aeid. < vH jiredoniinate. 

Linseed oil is the most imjiortant of the drying 
oils: it comliines nvidily with ox\gen, drying 
on ex|K)''Ure to the air. and it is to this projK'rty 
that its exteusixe use in the manufacture of ]>aints 
and varnishes, and ot linoh um is due, the ‘'boiled ’ 
or p.ully o\idi-ed, oil lx‘ing generally employed. 
In eomhining with oxygen heal i.s evolved, wha li 
sometimes cause's the spontaneous ignition of cotton- 
waste and other mtlammablc materials .saturaUxl 
with the oil. Linseed oil is aKo largely emploNcd 
m the making of soft soa]>. 

Castor Oil. Uastor oil is obtained from 
the seeos of the castor oil pl.int, Ilicinwi cornmunu'<. 
these containing fixim 4() to o,3 }kt cent, of oil : 
the plant is a native of India, but is cultivated 
also in the United States, France, Italy, etc. 'J'he 
Iiest variety of the oil is the C(dd-drawn, whit h is 
expressixl in the cold ; this quality i*^ pale yellow 
tir nearly colourless, and has little object lonahic 
ta.ste or oilour ; the lower qualitk-.s, howexer, 
have a nauseous odoui* and dis^igrtxMble taste. 

(.\istor oil pos.sesses a higher sjK'eific gravity 
and viscosity than any of the natur.d fatty oils, 
and is distinguished also by its solubility m alcohol, 
and insolubility in certain proportions of iK'tro- 
leum spirit. Chemically it i.s comixi.sed mainly 
of the glyceride of rieiuolcic aekl. The cold-drawn 
oil is used in medicine, and the inferior qualities 
in tlie making of Turkey-red oil and in other manu- 
factures, for lubrication, and in India for burning. 

Palm Oil. This fat is obtained from the 
fleshv coating of the fruit of several sjiecies of jmlui, 
chiefly Ehtii guineensis and Elaia ytniomwofca^ 
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which grow extensively along the West Coast of 
Africa, 

The methods employed by the natives for the 
recovery of the oil are very (rude ; they generally 
consist in storing the fruit in holes in the ground 
until deeoinj>osition takes place, when the pulp 
becomes sofU‘ned, and the oil rises to the surface 
or in bruising the fruit with wcxhIcu j>estles, and 
boiling with water. 

Palm oil varies in colour from bright orange- 
yellow to dirty red, and in consistency from that 
of butter to that of hard tallow. The propor- 
tion of fatty acids also varies with the particular 
(quality of oil, Lagos and Bonny, for instance, 
containing from 13 to 20 y>er cent., and Congo 
and Salt-Pond from 80 to IKt j>er (“ent. The coiu- 
tuercial oils often contain very large ]iercentages 
of water and solid impurities due to the methods 
of extraction. The odour of the l>etter qualities, 
Mich as Lagos and Bonny, is j)k*asant, but that of 
the inferior varieties is disagreeable. 

The princi})al constituents of palm oil are the 
clycerides of palmitiii and olein, witli free palmitic 
acid. Palm oil is extensively employed in the 
manufacture of caudles and of soap; the bleached 
oil IS generally used for the latter )mrposc. 

Palm-Kernel (Palmnut) Oil, as its name 
im]>lics, is obtained from the kernels of the fruit of 
tiiost'}mlm trees which yield palm oil. It is (luito 
different in its physical and chemical properties from 
palm oil. and more closely resembles coconut oil. 

It j< largely used in soap-making. 

Coconut Oil. C’oc'onut oil. as it apjx'ars 
In this country, is a white fat of the consistency of 
lard. It is extraeUxi from the kernels of the coco- 
nut {Coca*! viicilcra and' Coca*; hutyracea)^ and 
}K)>>se.ssos the characteristic taste and (xlour of 
"oconui. Three varieties of tlic oil occur in 
ommeree : Cocliin oil, the finest in colour and 
-juality ; Ceylon oil, iinjKirted from Ceylon ; and 
ojira oil, the fat obtained from the sun-dried, 
jm|Kjrud kernels. Coconut oil js very complex in 
■omjxi.-ition ; it contains the glycerides mainly C)f 
iiynstjc acid (Ci lauric acid (Cj •JH-4O2), 

and ^mailer quantities of the glvcerides of palmitic, 
steari* , .tnd oleic acid.^, and of the volatile acids 
capric, ^ 4]irylic, and eaproic. 

CVxonut oil i> extensively used in soap-making, 
while the ])urified and deodoribcd oil, under certain 
fancy nanie>, i^ sold for edible purposes. 

Coconut oil. when press^, yields coconut 
stearine. which is (*mployed in chocolate-making as a 
substitute for the more ex|)en.sive cacao butter ; the 
latter fat is obtained from the seeds or beans of 
the cacao-tree {TliL(A)roma cacao). 

Chinese Vegetable Tallow. This fat 
forms the coating of the seeds of the Cliinese tallow 
tree {StiUingla sebijera)^ cultivated largely in China 
and in some parts of India. It consists mainly of 
jialmitin, wdth a smaller proportion of olein. It is 
U'ted in caudle-making. 

Minor Seed Oils. Moivrah Seed OU, or 
Moirrah Butler {Bassia longijdia) ; Mahna Batter, 
or lUipt Butter {Bassialatijolia) ; and Shea Butter, 
or Galam Butter {Ba^sia Parkii), are obtained from 
the seeds of the respective varieties of the Bassia 
tree. The glycerides present are mainly those of 
stearic and oleic acids ; a notable (juantity of non- 
sajKmifiable matter is also present in some of them, 
beside^ varying proportions of fatty acids. These 
fat« are employed in candle-making, and occasion-, 
all^" in .‘*oap-inaking. 

Tallow. This is one of tlie most important of 
the animal fats, and is obtained from the membrane 


of the tissue of certain ruminants by melting or 
bv rendering. 

The tallow of commerce is distinguished ns beef 
and as mutton tnllow ; the former is the product 
from oxen and cows, and the latter from sheep and 
goats ; mixed tallow is a mixture of tlm tw^o 
})rodiicts. 

Tallow is im]X)rted in large quantities from 
Australia and from North and South America, while 
the market is supplied also w'ith the home tallowy of 
the local meltt'r. The better qualities of tallow are 
white, and have little taste or odour; but the 
inferior qualities are more or less yellow in colour, 
and have a disagn*enble and sometimes rancid odour. 

Tallow is eom]>osed mainly, altliough not ex- 
clusively, of the glycerides stearine, palmitin, and 
olein. The value of a tallow depends upon the 
colour, odour, proportion of free fatty acids, and the 
ti/rc, or solidifying- point of the fatty acids. Tli© 
highly-priced Australian tallows contain less than 
0',» jK»r cent, of fatty acids ; the titre of mutton 
tallow' may l>e as higli ns 49^ C., wliiJo that of bw'f 
is oon.siderably low'cr. Many low^-class tallows 
contain from 2() to 40 i>er cent, of frc'c fatty acids. 

Tallow i.s princijwxlly employed for s()a|)-making, 
in the manufacture of margarine, of stearine for 
candles, and for lubrication. 

When tallow is subjt'cted to mechanical prc.ssuro 
a separation of the solid and the liejuid |K)rtions takes 
})lace ; the former is knowm as tallow stearine, and i.s 
used for candle and soap making, and the latter as 
tallow oil, chiefly em}>loyod for lubrication in ad- 
mixture with mineral oils. 

Lard. Lard is the fat of the hog, and varies in 
quality according to the particular part of the 
animal from w hich it lias Ix'cn rend(‘red ; the l)est 
quality is known a.s bladder lard, and is obtained from 
the fat surrounding the kidneys. Lard is white 
in colour, and has a ])lcasant taste and odour. 
It resembles tallow in its chemical constitution, but 
con til ins, besides the glycerides present in tallow, 
those of lauric, myristic, and linolic acids, l^iird 
is very liable to adulteration by admixture with 
chea|ier fats. It is used as a butter substitute in 
cooking, and in the making of margarine. Whe n 
[tressed, lard oil is obtHinc*d, which is also employed 
for edible pur|X).se.s and as a lubricating oil. 

Other Animal Fats. Bone fat is ol»tainod 
from bones by (r/) l)oiling with water, and (b) 
extracting with ]K“trol(nim spirit. The product of 
the former proce.ss is generally su|x*rior to that of 
the latter. The bett(T-colour©d (jualities are 
employed in Hoai>-making, and the darker in candle- 
inaking. 

Under the general terms melted fat, grease, etc., 
are included a numl>er of somewhat soft animal 
fats of varying quality, more or less dark in colour, 
and strong in ^our, employed ns substitutes for 
tallow in soap and in candle-making. 

Butter fat is the fat present in cows’ milk, normal 
butter of gcKxl quality containing about JK) |K‘r cent, 
of fat. Butter fat is very complex in constitution, 
but consists largely of the glycerides of palmitic and 
oleic acids, and those of such soluble fatty acids a.*, 
butyric, eaproic, eaprylic, etc., the preseneo of the 
butyric radicle l)eing higldy characteristic. 

Margarine. In England, and in some other 
countries, the name margarine is ap))lied to arti- 
ficially coloured mixtures of certain animal fats and 
vegetable oil.s emfiloycHl as sulmtitiites for butter ; 
formerly they were designated as hutterin(, and ns 
Dutch butter. In Americta they arc sold under the 
name oho-margarinc. 
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The earlicttt manufacturing process dates from 
the year 1870, and was the result of the ex}>orimcnt8 
of M. M^ige-Mouri^s. Since then the industry of 
artificial butter-making has assumed enormous j)ro- 
])ortions. When the manufacture is carefully and 
scientifically carried out, and with due regard to 
the selection of the j)urest and freshest materials, 
as well as to the observance of the greatest cleanli- 
ness in the various o{)eration8, a product is obtained 
which forms a good substitute for butter, and a 
valuable article of food. 

The fat of the ox and cow (beef suet) is preferred 
and is exclusively employed in England as the raw 
material of animal origin ; on the Continent the fat 
of the sheep is sometimes used for this y)urpose, and 
in America that of the hog is largely emplojred. 
'riio components of vegetable origin are refined 
cottonseed, arachis, and sesame oils ; coconut oil 
and cottonsoecL stearine arc also sometimes used. 

For tlic manufacture, the selected parts of the 
fatty tissue are removed as (juickly as i)ossible from 
the slaughtered animal, and, after having been cooled, 
are exjiosed to a temyierature not exceeding otF (\, 
which effects the separation of the more readily 
fusible ])ortions of the fat. The melted fat is then 
allowed to cool gradually in shallow tins, and the 
crystallised, or “ grained ” material pressed in 
canvas cloths. When lx*ef suet is used, the pressed 
cake is known as stmriii" or oleostcariw , and the oil 
as olio- margarine or oleo-oil, the latter forming the 
principal component of the margarine of commerce. 
The oleo-oil is afterwards mixed with the desired 
pro|)ortion of vegetable oil, and with fresh, or some- 
times sour, milk, and the mass churned at a imiform 
and carefully regulated temperature, which not only 
effect h the intimate mixture of the materials, 
but also j)revents the graining of the harder fat 
present. 'Fhe j)roduct is then (juickly cooled in 
tanks by means of ice-cold water, removed to an 
inclined bihlc to allow the bulk of the water to 
drain away, and ttiken to kneading machines, which 
remove a further quantity of water, and produce a 
homogeneous mass. The desin*d ejuantity of salt 


is then added, with a little armatto or other colouring 
matter, the margarine again kneaded, and put up 
into rolls or ywits for the market. 

The pro] )ort ions of the ingredients used in the 
making of margarine vary considerably. The 
following has been given as a general working 
recipe (Ixjwkowitsch) : Mix parts of oleo- 
margarine, 20 parts of vegetable oils, and 30 parts 
of milk ; 100 parts of finished product are obtained, 
15 parts of water being eliminated. Margarine is 
largely employed for the adulteration of butter, 
although its presence can Ixj detected with some 
certainty by the improved methods of chemical 
analysis. In England no butter substitute is 
allowed to be sold w ithout a declaration of its real 
nature. 

Marine Oils. Sperm oil {Southern sperm) is 
the oil obtained from the head cavities and blubber 
of the cachelot or 8f)erm whale {Physeter macro- 
cepludus). The oil, after 8e))aration of the sjsirma- 
eeti, and purification, is pale yellow in colour, with 
little odour, and is distinguished by its low S]:)eeifio 
gravity and viscosity. 

Sperm oil contains no glycerides, but consists of 
the e^ter8 of monohydric alcohols, and should, 
chemically, be looked uf^m ^js a liquid wax. It is 
much valued, and is extensively used as a lubricant 
for spindles and light machinery. On account of 
its high price, sperm oil is often adulterated. 

ArcJic sjMirm oil (HotUenosi) is obtained from the 
bottle-nose whale {Flyjjcr. ijdon rostratus). This oil 
very closely resembles Southern sperm oil in its 
physical and chemical characteristics, but differs in 
taste, and is more liable to “ gum ” on exyxjsure to 
the air. On account of the latter pro]x*rty, its 
commercial value is ircnerally considerably less than 
that of Southern a{)erm, and it is often emyiloyed 
for the adulteration of the more ex})ensive oil. 

Whale oil is extracted from the blubber of the 
(ireenland, or “right” whale {Halnna mysiiceius), 
and from that of various sjiecies of Balrena and 
Bala noph ra. 

Whale oil is a glyceride of uuvertain compo.silion. 


PHYSICAL AND CHEMICAL 

CONSTANTS 

OF THE PRINCIPAL 

OILS AND 

FATS 


n 

VEtiETABl.lO OILS AND FAIS 

Oil or Fat. 


Speeillc 0 
15 1 

ra\ity, 

Melting 
Point, C. 

Solhiifying 
Point, " C. 

Sapon. Value 
(mcs. KHO 
pr. 1 gm. oir. 

Iodine 

Value, 

Per cent . 

Tit re, 

( . • 

Oli\c oil . . 


()-915 to 
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21 
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to 
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Coconut oil 
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to 
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22 
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25 
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38 

51 

to 

54 
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and differs in this respect and in its higher s^iecitic 
gravity from the sperm oils. It is also more liable 
to gum, and, in consequence, is not so suitable 
as a lubricant. The refined oil is used in soap- 
making. and the inferior qualities for the dressing 
of leather. 

C(Hl4vrr oil, as indicated by its name, is obtained 
from the liver of the cod {(kidns morrhua). Sc'vcral 
qualities occur in commerce. The pale and light 
brown are used in medicine, anil the dark brown 
in the leather industry. C\xl-liver oil consists of 
a complex mixture of various glycerides. 

Physical and Chemical Tests for 
Oils and Fats. For a description of the 
methods employcM.1 reference' should l)e made to 
analytical works on the subject, but the following 
outline will serve to indicate the prinei|)al j>oints 
of the examination generally adopted ; 

('olour. odoitr, . ron.’ii'iti jfn/. 

Sjiccific (franty at some definite tem|XTatiire, 
!.■> r. lieing commonly taken. 

iind .'-olldift/iuy fMunts. 

] icco'^ify. or liquid friction of an oil. indicated 
by flic rate of flow through an ajH'rtiire of detinite 
size, at a n'Oognised temperature and pressure, the 
result Ix'ing generally given in comparison with 
rai>c oil. 

SiifHivipcnlion . lYi/ut (or Kbttetorfcr value), 
indu itiiiir the amount of alkali required for the 
s.ifxaniric.ition of a definite cpi intity of oil or fat, 
and gc ner.dly ex]) 'ssed in milligniinmsii of jiotas- 
siuin hydrate (KHO) |>er 1 irramwj of mibstance. 

Itxii/n (or }irittni}H') irduL Hiving the jiercentage 
of iodine (or of bromine) alisorbt'd by an oil or fat, 
and indio.iting tlie prof»oriion of unsaturated fatty 
acids present. 

Ti(r( . or solidifying jKunt of the fatty acids of an 
oil or fat, generally determined by Dalican's methcKl. 

Amonc other ]»hy.''ical {»oints there may lie 
mentioned: micw^copic ajijKftrohCi, rtjractiiH’ indijc^ 
afKftrjttion synctni', and. among chemical ]ioint‘', 
<ir>d Hikhrt rn/m. Hthncr vaiiu, acdyl 

bdbn : tJciidin tiM. and iJurmal and colour tests with 
\ *rious chemical agent.v 

Bibiiography. Ihc following works may 
he con'^ulted some' of them give itiformation also 
on the dlied .subjects — w a xc.s, candle.s, 8oa)>, and 
glycerii. to be cicalt with later: 

rhcinical Technology and Analysi.s of Oils, 
Fats, and Waxes" (,I. J.^'wkow it.sch 11K>4). 

'■ Animal and Vegetable Fixed Oils, Fats, 
llutfers and Waxes ” \C. K. A. Wright and 

C. A. Milchelb lW:i). 

" Com mere lal Organic Analysts," \’ol. II., Part 1 
II. Allen and H. Ijcffniann 18‘H1). 

‘ A Practical Treatise on Animal and \'egetable 
Fats and Oils" (Win. T. llrannt, 1K8H). 

"Lubrication and Lubrieant.s " (L. Arehbult 

and K. M. Deeley, 19(K)). 

"Soap and Candles, Lubricants and (ilyccrin" 
(Will. I.»ant Oirfienter and H. Lea^-k, 1895). 

"Oils and Varnishes." " iSoap.s and C’andles " 
(J. C’aineron Church ill , s Technological HandlKaiks). 


WAXES 

Waxes arc substances? of animal or vegetable 
origin, composed, like oils and fats, of carbon, hy- 
drogen, and oxygen, but differing from them in 
some of their physical proi^rties, and essentially in 
their chemical constitution. 

1'he true waxes consist of erfters of the higher 
fatty acids and mono- or di-hydric alcohols, and, 
unlike oils and fats, they do not yield glycerol on 
treatment with alkalies. The term wyix, however, 
has t>o}Hilarly a wider significance, and is applied 
to certain substances which, while iKzssessing the 
physical projierties of waxes, are different from 
them in chemical constitution. 

Thus, solid paraffin is sometimes called a wax, 
although it is a hydrocarbon, and contains no 
oxygen ; and Jafian wax, while ^lossessing the 
physical proiiertics of a wax, behaves chemically 
as a glyceride. .As regards chemical constitution, 
certain oils, like sfierm oil. should be classed as 
waxes, although they ai'e liquid at ordinary tem- 
j)eratiir('s. 

Waxes behave like oils and fats with such solvents 
as wati'i', alcohol, ether, fietroleum spirit, etc. 
When iicatotl, on account of the alxsenco of glycerol, 
waxes do not evolve the characteristic odour of 
acroli'in, and they do not become rancid on keejiing, 
differing in these rcsjiects from oils and fats. 

Beeswax. Bc'cswax is a secretion of the com- 
mon l>ee ('///IS* oidlifcTfi) and is used by this insect 
in the formation of the cells of the honeycomb. To 
obtain tlie wax, the combs, after removal of the 
honey, ai-e boiled with winter, the imjmritics strained 
off or allowed to .s(*ttle, and the clear wax run into 
moulds. 1’he product i.s nun'c or less yellow^ m 
colour, and pos.scsses a slight taste and characteristic 
honcy-like odour. It is brittle wlicn cold, but 
softens ri'adily in the hand, and melts at a higher 
temperature to a clear liquid. Beeswax consists 
princip.illv of a mixture of inyricin {tnyricyl palmi- 
tote, (). and free ccrotic acid; 

the latter dissolves when the wax is treated w'ith 
hot aleohol. 

White, or bleached la'cswax {('tra nfha, Brit. 
Pharra.), is obtained by ex{>osmg the yellow wax, 
in the form of riblmn.s, to the action of sunlight 
m the presence of water; chemical trcatnicnt ii 
also sometimes employed. It is used in eundlo- 
manufacture and for modelling purfioses. Both 
qualities arc very frequently adulterated. 

Spermaceti. S}X'rmaeeli occurs in the oil 
]»rescnt in the head cavities and blublier of th© 
s}R*rm wdiale {Phys ter inacroci phaliis). It is sejia- 
ratod from the oil by cooling and by re|)ealed 
pra.ssing, and is further jmnhed by washing with 
caastie potash solution. "Jdie product apjiears aM 
a beautifully white, fca'ini-lr.insparent, crystullino 
mass, with little taste or odour. Chemieally, it iseom- 
]) 08 ed mainly of C( tyl pcilmitatc{V i ,, H .j i ()). 

*Sf>ermaccti Is employed in the making of sj^rm 
candles, and as an ingredient of eeri.iin oint- 
ments. 
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Chinese Wax. ChincRe (insect) wax is 
secreted by an insect {Coccus 'pela) living on the 
twigs of a tree growing in Western China. It is 
almost white in colour, and resembles spermaceti 
in appearance, but is much harder and more fibrous 
in structure. It consists mainly of ceryi cerotatt‘.j 
Insect wax is used in China and Japan us a candle 
material, and for sizing paper and textile goods, 
but it is not of much commercial importance in 
Europe. 

Carnauba Wax. Carnaiiba wax is obtained 
from the leaves of a 'Brazilian palm {Copernirta 
ccrifcra) It is yellowish green in colour, and ex- 
trejnely hard and brittle. In composition it is 
Bomewhat complex, .but consists principally of 
m>Ticyl cerotate and myricyl alcohol. Carnaiiba 
wax is employed in small quantities in candle - 
making and in some polishing compoimds. 

Japan Wax. Japan wax, although possessing 
some of the physical properties of a wax, is really 
a fat, consisting mainly of palmitin, and yielding 
glycerol on saponification.. It is obtained from the 
fruit of certain sf)ecics o^ Jihas growing in Japan 
and California. Jnyian wax is pale yellow in colour 
and rather unpleasant in smell. It is employed as 
an ingredient in polishes. 

Myrtle Wax. Myrtle (laurel) wax re- 
sembles Japan wax in chemical conifMJsition. It 
is obtained from the berries of myric/i ccrijira and 
olher shrubs of this K]>eeieH in America, but is of 
liitlo importance industrially. 

Paraffin 'Wax, Paraffin wax, ozokerit and 
ceresin, are of mineral origin and are not true waxes 
[see Petroleum and Candles]. 

'fhe waxes arc identified by the same tests as 
those mentioned under Fixed Oils and Fats. 
CANDLES 

Of the niuminnnt.s in use at the y)re.sont time 
there are few that yiosse.ss so many and varied 
advantages as those offered by the candle. In 
the electric light, in gas, and in yietroleum we have 
illuminants with whieli the candle cannot eomjx'te 
as regards intensity of light, but these do not yio.ssevs 
the same advantages as the candle in its ready 
portability, in the softness of its light, and in its 
general convenience and adaiitahility. 

To the ordinary ob.^icrver the eandh' apjiears to 
be of very simph^ construction — merely a cylinder 
of wax or fatty matter with a central wic'k — but tlxae 
are indeed few illuminants ujKin tlie proiluetion 
and perfecting of which there has U'cn ex|K*nded 
the same amount of scientific skill. 

The candle can lay claim to an origin of great 
antiquity. It is first mentioned by Pliny (in the 
first century), who states that the candles in use in 
Greece and Rome were coinyiosed of Hax threads 
coated with })itch and wax ; but even at a much 
earlier date, the torch, which possesses the e.ssential 
h'atiires of the candle, is known to have been in ijnc. 
It is a matter of common knowledge that in King 
Arthur’s reign the time of day was observed by the 
Imrning of wax candles of definite length, and they 
were then employed also in religious ’.festivals. 
In 1484 a wax chandlers’ company was incorporated 
in England, showing that the manufacture had then 
attained to some importmice. The subsetpieiif 
dovelojunont of the industry is naturally divided 
by two memorable events into two distinct stage's, 
wliich may be distinguished as the Stearine and tlue 
Paraffin period resjiectively. 'i'he first was due to 
the researches of Chevreul on fatty bodies, ]aibli.shed 
in 1823, followed at a later date by the })rae'tical 
ap})liontion of these researches by, among otfiers, 
M, de Milly, in France, and the late ]\Ir. G. F. WiKoii, 
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F.R.8.,of Price's Patent Candle Company Limited, 
in England. 'J’he second was due to the production 
on a commercial basis of paraffin wax by the late 
Mr. James Young, in 1850, and the obtaining of 
petroleum by drilling, in America, in 1859, this 
inaterial yielding paraffin wax. The modern 
improvements in the methods of forming candles 
have also contributed very materially to the 
development of the indu.stry. 

Candle Materials. In the earlier days of 
the industry, tallow, beeswax, and sfKTinaceti were 
the principal mab'rials n.sed, but these, although 
still employed, have now a very limited applica- 
tion compared with the two materials, ])araffin 
and stearine, of which the great bulk of the candles 
of the present day is composed. 

Stearine. In a commercial .sense the term 
slearhu' is generally applied to the solid fatty 
acids, stearic and palmitic, or mixtures of these, 
obtained from animal and vegetable fats, although 
the term more correctly designates the solid fat 
obtained after removing the liquid oil from neutral 
fats by ]>re.ssure. 

Stearine Is known as Hnponifitd and as dMUvd, 
the former being generally obtained from tallow 
by saponification or hydrolysis, and the latter from 
fats of darker colour by saponification followed by 
distillation, or by acidification and distill ition. 
The raw materials em})loycd for the making of 
stearine are principally tallow, palm oil and greases. 

The object of saponifying the fat, which is the 
first stage in the manufacture, is to effect the removal 
of the glycerin and thus obtain the fatty acids. 
Several jirocesses are in use for tliis piirjiose. 

Lime Saponification. This is one of the 
earliest ))ro<M's<cv, but it is now little u.sed. Tlu* 
fat, mixed with aliout its own weight of water, is 
heated in a wooden, load-lined vat by means of 
free steam supt)lied through a perforated coil. 
'I'he neces.sary quantity of lime, from 14 to 15 {X'r 
cents, ^\hk h is (onsiderably in exces.s of that theo- 
retically required for tlie saponifi(*.Uion of the fat, 
is then added intheform of a cream, and the boiling 
continued until the saponification has been com- 
])leted. Tlie lime-soap formed .separates from the 
glycerin-water, or tonet u'attr, as it is teclinically 
called, and the latter can lx* drawn off. The liinc- 
soap, after having lx*(‘n wa.sbed, is decomposed by 
boiling withdilutc suljihuric acid, wh'*n the sulphate 
of lime i-; precipitated, and the 
lilierated fatty acids rise to the 
surface. This pro<*e.ss, although 
offering the advantage of simpli- 
< ity as regards the ])lant rofpiired. 
is somewhat costly on account of 
the large percentagr* of lime re- 
quired for the saponification, ami 
of sulphuric acid for the decompo- 
sition of the lime-so.vp, wliile the 
suljihate of lime liable to retain, 
luei'hanieally, part of tlie fat t v- 
acids. 

Hydrolysis Under Pres- 
sure by Lime. This process 
was first carried out industrially by 
M. de Milly, in 1855, and is now 
extensively employed. It offers 
5 . AUtocL^UE the advantage of enabling the 
sjiponifieation to be effev'ted by a 
reduced \xTeentage of base. The vessel used — the 
atdoc/avc — is made of strong eop^KT, and is generally 
cylindrical in form, as shown in 5 . The fat, mixed 
with about one-third or one-lialf of its weight of water 
and from 1 to 3 cent, of lime, introdncetl 
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through the fiinnel*tul>e, the o|Kuiing eloped, and 
high-preaMire steam passed through a pipe ex- 
tending to the lK>ttoiu of the vessel. The usual 
working pressure is alnuit eight atmospheres, or 
120 lb. |X‘r square inch, which is maintained for from 
five to eight hours, when the saponification of the fat 
becomes practically complete. The contents of the 
vessel are then blown into a tank, the sweet-water 
drawn off from ladow, and the mixture of fatty acids 
and liine-soap. after washing, boiled with dilute 
sulphuric acid to eliminate the lime, when the fatty 
acids are ready for further treatment. 

A base, such as magnesia or oxide of zinc, which 
vields a soluble sulphate, is sometimes substituted 
for lime. Various forms of auto- 
clave are employed. Fig, 6 illus- 
trates one ('onstructed so as to 
IKTiuit the mechanical agitation of 
the content^; horizontal and spheri- 
cal autoclaves, with mechanical 
agitators, an" also in use. 

Hydrolysis Under Pres- 
sure by Water. It is possible 
to cfTe^'t the hydrolysis of the fat 
under j)res*-ure bv' water alone, w ith- 
out the assistance of a base. The 
tiist attempt in this direction was 
made by R. A. Tilghmann (English 
Patent No. 47, 1S54), and more 
than one form of autoedave ha> lH*en 
constructed withii n'cent years w ith 
this objc'ct. In L. Hugues' appara- 
tus (English Patent No. (),r>b2, 6- ArTocL,VVE 
lS8o) provision is made for the m- WITH MEt HANl- 
timate mixing of the contents of cal AGITATOR 
the vessel by alloN^ing steam to 
esc‘a|>e while the ]>rocess is in otieration ; the work- 
ing pressure is lo atmospheres. 

In the .system of A. Michel (English Patent 
No. 8,103, ISSo) there are two cylindrical auto- 
clave-^ in which the fat and water are heated hy 
lire only, and an intimate mixture takes ])lace ; the 
pressure is maintained at 15 to 10 atmospheres for 
..bout eight hour.^. 

A process for the hydrolysis of the fat at the 
ordinary atmospheric pressure by means of .su])er- 
lic'ited steam, and for the distillation of the fatty 
acids and glyc’criu, was }>atented by G. F. Wilson 
and (*. Payne (English Patent No. 1,024, 1854), 
but is now^ onlv of historical interest. 



Hydrolysis by Sulphuric Acid, 

The immediate efft*ct of sul]ihuric acid u[>on neutral 
fats is the formation of sulpho-com])ounds, whicli 
subsequently, on boiling w ith water, are resolved into 
fatty acids, glycerin and sulphuric acid. In ])racticc* 
the dried fat is heated to about 120° C., sometimes 
to a considerably higher teini>erature, from 3 to 0 })er 
cent, of sulphuric acid of 1 '82 to l'H4 sfK'cific 
gravity added, and the acid allowed to remain in 
contact with tliefat for several hours, Mobile the mix- 
ture i.s agitated. The mass i.s then boiled in a vat 
w ith water for some hours, and after settling, the 
lower layer, containing the sulphuric acid and 
glycerin, i» run off, while the dark-coloured fatty 
Hciflfi are removed for dl'^tillation, 

This proc-ess is now generally applied only to 
inferior fats capable of yielding little glycerin, 
and, as a method of purification, to fatty acids from 
which the glycerin has l)een already separatc‘d. 
Although it involves serious loss of material, it 
posw^sses c(*rtam important advantages. These are 
(a) a higher yield of solid fatty acids (although 
of lower melting-point) than that obtained by any 
of the processes mentioned, due to the action (if 


i8.3r> 


the .sul])huric acid u^n tlio oleic acid ; {h) thr 
deeolorisution of dark- coloured fatty acids, such 
as tho.se from palm oil ^md low-elass animal fats , 
and (r) the deatnietion of foreign substances, whicli 
might bo liable to affect the keeping properties of 
the stc'arine. 

Hydrolysis by TwitchelPs Process. 

The reagent employed is ])repared by treating 
a mixture of oleic acid and any membiT of 
the aromatic series, such as )>enzol, pla'iiol, naph- 
thalene, etc., with an excess of sulphuric acid 
(English Patent No. 4,741, 181)8). Tlie clean.sod 
fat, mixed with about half its weight of w'ater, and 
from 0*5 to 2 \>cr cent, of the reagemt, is boiled in a 
wooden vat with free steam for about 12 hours ; 
after settling, the glycerin- water is drawn off, and 
the fatty matter boiled a second time with fresh 
water as before. The hydrolysis of the fat is then 
practically complete, and the fatty aeid.s are ready 
for distillation, or acidification and distillation. 
The exact nature of the chemical change taking 
]>laee in this proc'cs.s has not yet been fully explained, 
but possibly it de^iends upon the emulsifying action 
of the reagent upon the mixture of fatty matter and 
water. 

The advantages of the process are that it can b(‘ 
carried out w ith simple and inexpensive jdant, and 
at the ordinary atmospheric ])resNnre. It is ex- 
tensivxdy employed in the United States of Ainerica, 
and also in Euro])e and elsew here, for the hydrolysis 
of d.irk oils and fats for the making (ff stearine, and 
is recommended also for obtaining fatty acids of 
good colour from tallow and other fats for use in 
soap- making. 

The Distillation of Fatty Acids. Ida* 

fatty acids re.snlting from the hy(lrol\sis of the fat 
by the prox'osses described are often too dark in colour 
to yield a s;it isfai tory stearine on pressing, and they 
have therefore to be distilled. Various forms of 
stills and condensers are in use; the stills are 
gcneriilly made of copper, and are sjihoricnl in form, 
with a cajiacity of from one to six tons or more. 
Fig. 7 represent'' a form of a])paratus with verti<*al 
condensers suitable for the fractionation of the 
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distillate ; in the apparatus shown in 8 the vapours 
are pas.scd through one condcn.ser. 

The fatty acids are hcaU‘d first by fire under- 
neath the still, and then by sui>erheated steam, 
which enters the still through a ])crforated coil near 
to the bottom of the vi'sscl. As tiie tcinjx*rature 
rises, the steam and the vapour of the fatty acids 
)»afis over together, and are condensed, the pro- 
ducts being collected in wooden vats, and tlio 
condensed water drawn off. The tem|>crature of the 
distillation is about 200° C., or over. The good 


floured di«tillate, which has been kept apart from 
the dark portion coming over towards the end of the 
distillation, is then transferred to shallow trays 
annnged in racks, and allowed to cool gradually, 
in order to obtain the crystallisation of the fatty 
acids. When cold, the cakes are ready for the final 
operation of pressing. 
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The dark residuum in the still is heated by fire 
and HU}»erheated steam to a higher temjierature 
in an iron vessel, when fatty acids of inferior 
fjunlity distil over, and a residue, known as 
“ stcarine jjitch,” is left. This pitch is jet black 
in colour, and varies somewhat in consistency, 
but it is generally hard and brittle. It is em- 
ploy<'d for the insulation of cables, as a varnish, 
as a lubricant for heavy rollers, and for other puposcs. 

Pressing Fatty Acids. The object of press- 
ing is to se])arate th(’ liquid oleic acid from the solid 

mgs, one la'ing cold or temperate, and the other 
hot. The crystallised cakes of fatty acids, obtained 
after tlie sa])onification of the fat, or after the dis- 
tillation of tlic fatty acids, are transferr(‘d to woollen 
bags, and ])laced in a hydraulic press of the type 
shown in 9. The pressun' is apjilied and maintained 
until the oleic acid has been removed as far as jios- 
sibl(‘. The cukes, still contained in the bags, are then 
inserted bt*twa*eT» the plates of the hot press jlO|. 
and pressure again a]»plied. 1’hes(‘ plates are 
covered with matting made of horsehair, and are 
heated by steam. A further quantity of oleic nei<l is 
removed as well as a jiortion of the solid fatty 
acids, the exjircssed material btdng afterwards mixed 
with tlu' next instalment of fatty acids <*omiii<g 
forward for ])ressing. The cakes of hot-})ressed 
steal ine, now' ((uite wdiite in colour, are then taken 
from th(‘ bags, the oily edges broken off, and these 
]iut aside to l>e re-])ressed. The cold-pressed 
oil is generally subjected to artificial cooling, and 
the mass filter-pressed, to sejiaratc the solid acids 
and obtain the oleic acid of low congealingqmint. 

01(‘ic acid, or “ red oil,” is know'n as safX))nfir(ttion 
olf Ine, or as I'iMilhiion oleine, according to tin* pro- 
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cess employed for its production. It is dark brown 
in colour, and is extensively used iis a substitute 
for the more costly olive oil for the oiling of wool 
and for the making of oil soaps. 

Properties of Stearine. Commercial 
stearinr is a white, more or less crystalline, hard 
solid ; it has only a faint characteristic odour. 
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and should not feel greasy to the touch. 'I’he solid i- 
fying point of saponified stearino ranges from 
about 53 ’5° to 55*5° C., and that of distilled stcarine 
from about 48° to 54° C. It is readily soluble in 
alcohol, ether, and petroleum spirit. For the purpose 
of the candle-maker, it is i)referred to be close- 
grained in crystal, and be capable of giving a candle 
of good “ snap ” when broken. 

Paraffin. Paraffin w’as first obtained by 
Reiehenbaeb, in 1830, from wood-tar, and shortly 
afterwards, and independently, by Dr. Christison, of 
Edinburgh, from Rangoon jictroleum. At that time 
it was merely a chemical curiosity, its discoverers 
little dreaming of the great future that lay I)efore 
it. Its manufacture was first carried out indus- 
trially, as already observed, by Mr. James Young, 
in 1850, from crude petroleum obtained from a 
spring in Derbyshire, to which Mr. ^'oimg’s atten- 
tion had been called by the late I..ord (then Dr.) 
Playfair. This sup})ly becoming exhausted, further 
experiments were made, which proved that a similar 
crude oil could lx* obtained by the low’-temperaturt; 
destructive distillation of certain kinds of coal, the 
Torbane-hill mineral, or Boghead coal, found in 
West Lothian, proving one of the most suitable. 
When this sup]>ly also failed, bituminous shah* 
'.vas employed, and this still continues to be used 
as the source of crude jiaraffin oil in Scotland. 
The crude oil contains about 14 to 15 per cent, of 
solid paraffin, which is obtained by filtration and 
pressure, in the form of “scale,” from the heavy oil 
separated during fractional distillation — burning oil, 
lubricating oil, and naphtha being the other products. 

The brow'n coal, or lignit<‘, found in Prussian 
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Saxony, also yields a considerable quantity of 
paraffin. Ibiraftin is obtained also from the mineral 
ozokerit, or earth-wax, found in Galicia and else- 
where. 'riic largest source of supply, however, is 
American ]>ctroleum, W'hich, on distillation, leaves 
a residuum, and this, on further treatment, yields 
lubricating oil and paraffin scale. Rangoon. Assam. 
Roumanian and Galician iK'troleums also contribute 
to the pro<luction of parafiin. 

Refining Crude Paraffin. The crude 
paraffin wax, or scale, after separation from the 
heavy mineral oils, is generally yellow or brown 
in colour. In order to make it available for the 
purpo.se of the candle-maker, it must be refined, 
the object Ixung the removal, not only of the dark 
oil a.ssociated witli the paraffin, but also of the 
lower iiK'lting- point paraffins unsuitable for candles. 
Two methods are employed for this piirixise. 

Treatment with Naphtha. The 
melted paraffin scale is mixed with about 30 
cent, of naphtha, or i>etrole\nn spirit, the 
mixt\ire allowed to cool, and the crystallised 
mass pressed in hydraulic presses. The naphtha 
removes the oil and the softer paraffins, while the 
haixler jiaraffins are loft nearly white in colour. 'Flie 
treatment may lie reiieated several times if a highly 
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refined prodoct be required. The cahes are then 
melted up, and a current of steam passed through 
the material, to remove the remainder of the 
naphtha. Ihe melted paraffin is then decolorised bv 
agitation with a small porcenttige of animal charcoal, 
the latter allowed to settle, and the pai-affin finally 
filtered through cloth or filter-paper, and allowed to 
solidify in shallow pans to l>e ready for use. The 
]>araflin dissolved in the naphtha is recovered by 
distilling off the spirit, and, after }iurifieation by 
ehemieal treatment! it is pressed to remove the o)i, 
when a product of low melting-point is obtained, 
known as “ match wax/’ This process yields a 
product of sii))erior quality, but is costly, and on 
account of the hiohly inflamnuible nature of the 
nnplitlia, i^ also dangerous. 

Treatment by Sweating. This process, 
which lias larircly displaced the one just described, 
i> much suiiplcr, safer, and more economical, 
and iv extensively employed, it was first dis- 
covered by Mr. d. Hodcres. of Pric(‘*s Patent (\indlc 
C’onipanv Limited (Kntrlish Patent Xo. .‘i.241, 1871), 
and in ifv onirinil form consi'-tcd in allowing 
the melted scale to cool gradually in .shallow lin•^. 
in order to obtain good crvstalbs ition, and in 
suliseqii cut ly exposing the cakes in healed ovens 
to remove the oil. It is customary now to allow 
the ervst ;d lisa t ion to take phice in large iron 
trays, siqiported in racks, within a brickwork 
chainl>er fitted with steani-]Uj»es. The tein- 
}>erature of the 'ham her is then raised, which 
causes the softer paraffins to melt away, carrying 
the oil with them. When the sweating lias reatdied 
the desired stage, the remaining eake.s arc meltetl 
and treated with charcoal, as already described. 
The sweatings, after being pressed to remove the 
oil, are al^o subjected to the sweating process, and 
yield a paraffin of lower melting-point than that 
obtained from the original scale, but aKo .suitable as 
a candle material 

Properties of Paraffin. Paraffin, when 
ea'-efully refined, is a beautifully white, transparent 
substance; the quality known as “semi-refined” 
is more or less yellow in colour. It is obtained 
of varying degree.^ of hardness, according to the 
melting-point, wlikh ranges, in the ea.se of candle 
material, from about 46^ to 57° C. 

Paraffin gives a greater inten.sity of light than 
stearine; but, on the other hand, on account of 
lieeoming plastic when exjmsed to heat, it has a 
tendency, absent from stearine, to iK-nd in a W'arm 
atmosphere, this tendency Ixung more pronounced 
in the ease of paraffins of com])aratjvely low melting- 
jxunt. Paraffin is insoluble in aleohcil, but soluble 
in ether, jietroleum spirit, etc. 

Blending of Candle Materials. One 

of the most important oyierations of candle-miking 
consists in the judicious blending of the two material.^, 
paraffin and stearine, and of other materials, so 
that full advantage may be taken of those properties 
of each of the individual substances which will 
contribute to the best results in the finished candle. 

A candle eom[)Osed entirely of paraffin, although 
attractive in apjiearance, and capable of affording 
a brilliant light, is unsuitable for ordinary use, on 
account of its liability to Ixiud ; the addition, how- 
ever, of the requisite jierr^ntage of stearine imparts 
to It increased rigidity, without destroying its trans- 
jmrenry. Thus, ordinary jtaraffin candles contain 
from 4 to alsmt 10 jxt cent, of stearine; while 
others, sometimes called siemo- paraffin candles, 
whk'h arc intended to be used in heated rooms or 
ill warm climates, may eontain 20, :I0, or 40 iter 
tent of stearme. 4’he addition of the larger jxt- 


oeniagos of stearine, although reducing tlie ilium i* 
natmg value of the candle, and nmdoring it more 
opaipie. greatJy increases its stability. 

It is inqiortant to note tliat the melting-point 
of mixture.s of paraffin and stearine is lower than 
that oalculnted from the melting-jKiints of the two 
eoniponents, so tliat the melting-point alone, apart, 
from the composition of a candle, does not always 
give a correct idea of the value of the latter. 

On the Continent of Euro|H‘ stearine candles arc 
largely employed, and these are to be reeomnKMidi'd 
for use in ni’ann climates. For use in chiirehi's, 
candles eomjiosed of beeswax, or of mixtures of 
lieeswax and ceres in or paraffin are employed. 

The WicK. Although the w ick bt'ars a very 
small relation to the candle in actual weight, it 
nevertheless forms an indis)wnsable part of i(. 
What llfr mainspring i.« to the watch, what steam 
is to the engine, so, m ]>oint of importance, is the 
wick to the candle. Its function is to convey a 
regular and constant sup])ly of liquid combust ibl' 
material to tin* flame, so that the candle may burn 
freely and produci* the maximum quantity of light. 
Formerly, the W'ick emf»loyed for all kinds of candles 
consisted of twisted strands of cotton, this form 
being still used for tallow dips; it proved highly 
objt‘ctionable. however, on account of the erect 
)Hisitio!i which it maintained in the flame, becoming 
soon coated with a mass of nneonsumod carbon, 
wdiieli caused the light to become dull and necessi- 
tated frequeni “ .Miu fling.” Many attempts were 
made to overcome thi.s diftieultyi by causing tlu* 
wick to curl slightly, so that free burning might 
take place. In 182.^, a Frenchman, (^ambaccre.s 
by name, diseoveretl tJiat by plaiting the strands 
of cotton it was possible to obtain a wick having 
the desired property. Altliough this improvement 
was introduced into this country shortly afterwards, 
it w'as not (ill 1840 that its value became general Iv' 
realised, wdien the late Mr. *1. P. Wilson, of Pi ice s 
Patent Candle t/Ompany Limited, employed it in 
the manufacture of “ sniiffiess eonqiositc candles, 
which were first used in the illuminations in con- 
nection with the marriage of the late Queen Victoria. 

J he plaited wdek is now' in almost universal use for 
all kinds of candles. It is composed of fine thread.^ 
of cotton, H])ecially selected, the plaiting of these 
being carried out by machinery of delicate con- 
stnietion. 

Preparation of the Wick. Befort' the 

wick is fit for use, it must be prepared ” by 
soaking it in a solution of certain chemicals, sucii 
as borax, sulphate of ammonia, etc., and affiTWards 
thoroughly dried. The object of this treatment is 
to give stability to the w'iek, and at the same time, 
by forming a fusible ash with the mineral matter of 
the cotton, to allow the wdek to have free action. 

Great care requires to be exorcised in adjusting tbe 
size of the wick to that of the candle, and to th(‘ 
quality of the candle material. If the wick be too 
large, loo much mnttTial w'ill carried to the flame 
in a given time, and there will be imjierfeet eoin- 
bustion, resulting in a smoky flame ; on the other 
liand, if it k* too small, it will fail to consume all 
tlu* melted material, wliJch will run down the sides 
of the candle, and cause “guttering.” 

Formation of Candlea. Three im'thods 
are still in use for making candles. The method of 
dipping, on account of its simplicity, has lieen 
used from a very early time. Tallow was employed 
as the combustible material, and still is, but only to 
a limited extent, distilled fatty acids of com- 
paratively low melting-point lioirig now' generally 
employed. 



APFLIBD OHBMISrilV 


One of the moat important forma of the clipping 
machine ia ahown in 11 . Jt conaiata of a trough 
for containing the melted fatty acida ; above it, an 
iron frame ia auapended by chains passing over 
pulleys, the whole being counterbalanced by weights. 
The wick ia first wound upon an iron frame, which 
is then immersed in the fatty material, in order to 
cause the wick to become thoroughly saturated. 
The frame is then 
raised, and placed 
upon a rack to 
allow the material 
to solidify. After 
aeveral dippings in 
this way, the 
partially - formed 
candles are released 
from the frame by 
cutting, 

I r a n 8 ■ 
ferred to 
u ood en 
rods, and 
the alter- 
nate pro- 
cesses of 
dipping 
and oool- 



11 . 1H1*PIN(J MACHINE 
(Price's Patent Caudle Co. Ltd.) 


iiig con- 
tinned 
until the 

dips have acquired a sufiicient thickness, uhich is 
indicated by the weights on the machine. 

The method of pouring and rolling is confined to 
the making of candles composed entirely, or mainly, 
of beeswax. The wicks, attached to a wooden 
hoop, are suspended over a bath of the melted wax ; 
the operator pours the wax over the wicks, and at 
the same time, while rotating the hoop, he brings 
each wick into position. In order to obtain 
uniformity in shape, the partially-formed candles 
are inverted, and the pouring continued. When they 
have become sufficiently thick, they are placed upon 
a marble slab, and rolled to and tro, under a wooden 
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board, which produces the desired smoothness and 
regularity of surface. The candles are then cut 
to the desired length, and the tips formed by the 
fingers, with the assistance of a small jiieoe of wood. 
At one time, wax candles were rolled only. 

The method of moulding was introduced by 
Sieur de Brez, in the fifteenth century, but since 
then it has been brought to its present state of 


perfection ly the skill and ingenuity of many 
inventors. It is now the principal mode of forming 
candles. 

The modern machine, one form of which is 
shown in 12 , and another and larger form in 13 , 
consists of an oblong metal tank containing the 
moulds, the butt-end.s of which arc placed upwards, 
and communicate with a trough ; the tips are 
placed downwards, and are attached to hollow 
piston rods, these resting upon a plate, which, when 
raised by means of a rack and pinion, causes the 
piston rods to force the candles from the moulds. 
The tank is provided with a pine for conveying 
steam to heat the moulds, and with another for cold 
water, to cause the material to solidify. The wieks 
are supplied from bobbins cont^iined in a box under- 
neath the frame, and pass through the piston rods 
and moulds. 

The candle material — let us suppose a paraffin 
mixture — is heated in a steam-jaeketed pan, and 
transferred in metal pails to the moulding machine. 
The moulds are first heated, the steam turned olT, 
and the material poured into them until it partially 
fills the trough above; cold water is then passed 
through the tank, until the candles have solidified. 
Before they are raised, the candles from a previous 



13 . SEXTirPLE “multiple” CANDLE-MOULDIN(i 
MACHINE (Edward Cowles) 

moulding, supjiorted meanwhile by a wooden clamp 
re.-^ting u])on the machine, arc removed, after the 
wieks have been cut by a sharp knife. The excess 
of material is then taken from the trough, the rack 
handle is turned, the candles beinir forced ujiwards 
and supjiorted by the clamp, and so the oiK'rntions 
arc repeated. The forcing of the candles from the 
moulds is sometimes done by mechanical power. 

Stearine candles require to be moulded from the 
material m a semi-fluid condition ; the moulds are 
heated, and the tank must be filled with tepid, 
instead of cold, water, to obviate the difficulty 
arising from the crystalline nature of the material. 
In order to imjirove their apjx'arancc, .stearine 
candles are generally polished, and the ends cut by 
siiccial machinery. Sometimes also they are ex- 
posed to the action of light to im]irove their colour. 

The candle manufacturer may he called upon to 
sup]»ly an immense variety of sizes, from the tiny 
(’hrisl mas-tree candle, numbtnung about 80 to one 
pound, to the tall altar candle, weighing several 
]>ounds, but the sizes most commonly used are 4, 0, 
8, and 10 candles to the pound. 

Self > fitting and Fancy Candles. 

An improvement in candle- moulding consists in 
providing candles with what is calloi a aelf- fitting 
(S.F.) end, which })ermits them to Ixji'eadily fi.xed m 
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«n\ size of cniidlestk k. 'Phis vras first intrfxluced 
l>v »!. L. Field, in IKlil, and since then many different 
forms have Ix'eii emploj'ed. The conical tinted 
‘ cap” which produces the self-fitting end, forma, 
as a rule, a sofwrate j)art of the mould. 

Fancy candles, such as flntcKl, and spiral or cable, 
are moulded in special machines ; so also are 
)>erforated candles, which are provided with hollow, 
longitudinal spaces to receive any excess of fnolfed 
material, to ]>rev^ent ** guttering.” Fig. 14 .sliows 
candles of v.arioiis forms — a, plain ; h. with S. F. 
tnd ; f, and d, fluted, with S.F. end: r, spiral or 
cahle, \%ith 8.F. end: /, spiral, with ta|»ered end; 
7 . ]K'rforated. C'andles may be coloured to any 
desired tint by dissolving the colouring matter, 
irenerally an aniline derivative, in the candle 
materhl. Many also l>ear artistically designed 
I -'presentations of flowers, etc., painted 
by hand, or ornamented by transfers. 

The Standard Candle. For 


and ste/irine in comparison with the standard 
spermaceti candle. 

Night Lights and Illumination Lights. 

These are really small candles, but their dwicato 
construction demands more refined methods for their 
manufacture than those I’equired for the larger 
llliiminant. Tliey are used in night nurseries and 
in sick -rooms for giving a clear, though not too 
strong light : for heating food at night for infants 
and invalids : for use under coloured shades for table 
decoration; and for outdoor illumination. The 
materials employed are generally paraffin, coco- 
nut stcarine, pressed tallow, distilled fatty acids, 
or mixtures of these. Night liglits are chiefly of two 
kinds — those in paper cases for burning in a saucer 
with a little water, such as the well-known “Childs’, ' 
and those for burning in glasses, as IVicc’s ” New 


measuring and recording the intensity 
of light of different illiiminanls, it is 
nf^'cssiiry that there should he a definite 
fixed standard. For this ])urpose, the 
^ttmdnrd cnuJlc has long l>een. and still 
IS. in use : and. .although it has htx'n 


OhM'r\o(l relati\»' iUuminatinu value (Btaiid. 

nuailfs) TOO 

Coiisumption (uMaiii'* material jkt hour/ .. 120*0 
Xuniher ol hours' hurmnn per 1-H). euiulletJ . . 
Kelative illuniinatiag value tor the same con-| 
Mim|itioii (120 grains per hourl 


147*0 

47 * 4:1 

1 *25 0*80 


Tpplaeed to some extent in tliis country 
hy the Harcoiirt Pentane I.ainp. which has lu'en 
aoce])ted as the legal standard of light for the 
metropolis of London, it i.s customary to reft'i* to 
the intensity of a given light in terms of the standard 
candle. 

Thus, we speak of gas of 15-candie ]>ower — that is, 
the gas. when burned in a recognised manner, and 
at a given rate of consumption, 
possK'ssos an illuminating value 

to that of 15 .standard \ k 

candles. In England, the \ 

standard candle is com|>osed of ( |i 

.s}x?rumceti. containing 3 or 4 
})er cent, of white beeswax, the i! 

latter l»eing added with the j| 

object of destroying the crystal 'j 

of the sfK'rmaceti, The size of | 

the candle js six to one pound, 1 

ind the wick is adjusted so 
that it consume«- 120 grains of 
material iht liour. 

Illuminating Value. 

In determining the illuminat- 
ing or photometric value, two ’ 

.standard candles are generally ^ ^ 

employed, and in order to ! ill w 

ascertain the exact consunij)t ion H m E 

of material, and thu.s allow foi * 

any irregularity, the candles of' t <i 
are sufiported during the 0])era- 14 . vakious P’( 

tion on a delj( ate balance. 

The photometer eniplot'cd is generally some form of 
the Letheby- Bunsen system, whereby the light from 
the illuminant under observation is allowed to fall 
ujxm one side of a pajiei disc, and that from the 
^-tandard u|K)n the other side. The disc, with the 
( xception of a circular s}>ot in the centre, is greased, 
and is placed within a box which slide.s upon a rod, 
graduated so that the relative intensity of the two 
lights c/iii l>e fihoM*n by reference to the scale, 
the box Ix'ing moved to and fro until a point is 
reacliefl when the whole of the disc becomes 
e»pril!y illuminaU-d. 

The following table gives the illuminating 
value, etc., of candles of the .same size, eonij>osed 
of the two principal candle materials, paraffin 
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Patent” (English Patent No. 2,1117. 1853). Tlic 
material is moulded in framc.s somewhat smiilar in 
principli' to those employed for candles, but the 
wick is introduced in a separate operation. 7’he wuck 
generally consi.st.s of fine cotton threads coated W'illi 
w'ax ; in the “ Pyramid ” light it consists of the pith 
of a certain rush w ith part of the outer skin remain- 

I ing to support it. and this light is 
])rovided with a plaster bottom. 

In the making of ease night 
lights, the small j)icc'eof wuck is 
first .secured to the bottom of 
the case by a little w’ux, a pieci* 
of perforated tin slipped over 
to act as a support to it when 
burning, and the moulded 
material then fitted into the 
case, the wuf‘k passing through 
a ]>erforation in tht* material 
formed in the moulding }>r<K*ess. 
Night lights vary in size, and 
are made to burn from 5 to 10 
or 12 hours. 

Li^htinf Tapers. Thc‘^f' 
are sometimes known as draini 
caJidJfM, oi fiyhti))g irirkM. 1'h<‘ 
QP wick, consisting of tim* sliauds 

of cotton, i^ w'ound from a large 
" f (i hollow revolving drum to 
t.M'^ OF candles another similar drum. Bi'forc 

it reaches flic .second drum 
it i.s made to pass through a batli of the melted wax, 
and from there through a small perforation in a 
metal plate in order to remove the exces.s of mahT iaj 
\A hen the wick ha's IxH'n transfernHl from the one 
drum to the other the winding is reversed, and the 
wick thus receives a second coating of material, 
pa.s.sing afterwards through a plate with a larger 
perforation, the proc(‘.'-s being eontinuerl until the 
ilesired thickness lias been attained. 'I’lie eoated 
wick Is then removed from the drum, cut, and the 
ends of the tapiTs feathered to (‘nable thi'ni to light 
rapidly. (Some of the illustrations in this article are 
reproduced from l^wkowitw'h’s “Clnunieul Tech- 
nology and .Analysis of Oils and Fats” by arrange- 
ment w*ith the publislKTM, Messrs. .Vfaeinillaii A* Co.) 
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By JUSTIN McCarthy 


'THE rei^ 2 ?n of James II. is a turning point in 
^ the history of England, and has been, and is, 
the subject of much religious and political 
‘ontroversy. James, the second son of Charles 1., 
was born at St. James’s Pahice on October l‘2th, 
l().‘l‘h and was immediately created Duke of 
\'ork. He accompanied his father in the (’ivil 
War, was captured by Fairfax, but escaped to 
Holland in 1(>4H disguised as a girl. He then went 
to France, w'here he took service in the army 
under Marshal Turennc*, the famous Frencli 
commander. James showed much courage* and 
military skill in the wars with Spain, and won 
the favour and friendship of Turenne. He after- 
wards served in the Spanish army. On the 
Revstoration, he returned to England, and was 
a])point(‘d Lord High Admiral. 

.lames was both soldier and .sailor ; he twice 
commanded the British fleet in the wars with 
the Dutch. In he privately maiTied Anne 

Hyde, daught/er of the Earl of Clanmdon. She 
was then lady-in-waiting to the Prince.ss of 
Orange. Before her death, Anne became a 
(’atholie, and James Ls said to have followed 
her example not long after, although the exact 
date of his reception into the ( ’hurch Is not known. 

Protestant Feeling in England. 
Jam(‘s. who had until this been very popular 
with the Englisli people, now became unpopular, 
and the passing of the Test Act compelled him 
to resign office. Indeed, the hcling against 
Catholics had iKcorae so strong that it was 
thought advisable for him to retire to the Con- 
tinent. The Bill of Exclusion, rejected by the 
Lords in KISO, failed to pass in the following year 
hecansc* the Parliament was dissolved. James 
had returned in the meantime to England, and 
had Iwn stmt as Lord High (’ommissioner to 
Scotland, where he w’as very popular, except 
with the Covenanters, against whom his measure's 
wert* severe. In UiH4. he came back to England 
and resunuKi the office of Lord High Admiral. 

On the death of Charles II., in lOHo, James 
was firoelaimed king. He had married Mary, 
daughter of the Duke of Modena, in 1673. He 
then ofiened relations W'ith Rome, and attended 
publicly the services of the Clatholic Chuix'h. 
In the same year the Duke of Monmouth, who 
w as a natural son of Charles 11. , and who had a 
laige following among the I^otestonts of Eng- 
land, led a rebellion agiunst James, whom he 
refused to recognise as king. He asserted that 
(^harles fl. had married his mother, Lucy 
Walters, and tliat he was therefore legitimate and 
heir to the throne. H(* had b(>en banished to 
Holland, but returned to England, landing at 
Lyme Regis on June 11th, 1085. He had at first 
some success, but w'as entirely defeated at the 


Battle of Se^gemoor by the Royal troops under 
Feversham and Churchill. Monmouth escaped, 
but was di8<*overed after a few days in a dry ditch 
in Dorsetshire. He showed great fear, and 
appealed for mercy to King James. He was, 
however, executed on Tower Hill, July 1.7th, 
in the same year. It is said in f‘xtenuatif»n of 
James’s unmerciful treatment of Monmouth that 
a letter wTittC'n by the latter to the king was 
kept back from him. 

The Infamies of Judge Jeffreys. 

After Monmouth'.s rebc*llion came the infamous 
“ Bloody Assize.” Jeffreys, who wa.s made 
Lord C/hief Ju.stieo in 168.7, presided at the tria* 
of Titus Oates, where, as in all other instances 
he was conspicuous tor cruelty. He was rai.sed 
to the Hou.se of I^ords as Baron Jeffreys two years 
later, and almost immediately sent to the neigh- 
bourhood of Wells to try the insurgents of 
Monmouth’s rebellion. His cruelty w^as excessive : 
three hundred and tw^enty of the rc‘l>els were 
hanged. It is stated in James’s memoirs that 
these atrocities w ere coramitUnl without the know - 
ledge of the king, w'ho was inclined to clemency. 
Jeffreys was made Lord Chancellor in Septeral^er, 
lf>S."). On the arrival of William of Orange in 
England, he tried to escape, but was captured 
and sent to the Tow'cr. where he died in 1689. 

James w^as willing to grant religious toleration 
to the Dissenters as well as to the Catholics, and if 
it had been possible in the state of public feeling 
in England for a Catholic to be sovereign, it 
doc'S not seem that he would have lx‘en intolerant 
to his Protestant suhjei-ts. 

The Seven Bishops. The trial of the 
Seven Bishops, who declined to read the King s 
JHs'laration in favour of lilierty of conscience, 
which cndt‘d in tlu'ir acquittal in 1688. aroused 
much popular fei'ling against the king. The 
IVotesbints regarded the Declaration jus intended 
to H'store the Catholics to an equality with 
those U^onging to the Reformed C'hurch, as was, 
indeed, the king's intention. His measures would, 
ill more modern days, have Ix^en considered both 
wise and just, hut the passing of Catholic 
Emancipation was not for many generations 
yet. In quc'stions of religious ocpiulity, James 
was in advance of his times His policy was 
irgarded as an outrage on the rights of those w'ho 
iK'longed to the Church of England. James 
lierame more and more disliked by the majority 
of his subjects, and some of his leading statesmen 
appealed to William of Orange, his nephew and 
son-in-law, to intervene, M’ilUam promptly ac- 
t*epted and ac ted upon the invitation. Ho sailed 
for England at the lioad of a large army, laiidc'd 
at Torbay on Noveralx'r 4th, U>88, and marched 
at once to London. He was welcomed by the 
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majority of the people all along the way, who 
regarded him as their deliverer from (Catholicism, 
and the unfortunate James was betra 3 ^d or 
al>andoned by most of his Ministers and soldiers — 
(^hurchill being one of the first to go over to the 
enemy — and eN’en by his daughter Anne. James 
made many efforts to regain the confidence of 
tlie people, but Mithout success ; and finding all 
efforts useless, )ie sent his wife and infant son to 
Pi-ance, where lie attempted to rejoin tliem soon 
after. He A\-ent through many adventures, 
•was captured at Favcrsham, and brought to 
. London, and tlien to Rochester^ But eventually 
his presence in England being found rather an 
enibarrassnienl to William and his party, he was 
Ulowed to escai>e, and joined his wife and child 
in France, where lie was w'armly welcomed by 
lx)uis XIV., who settled a pension on him and 
>howed him unceasing kindness. 

James and the Irish. James did not 
yet consider liis oaust* hopeless, and, knowing he 
had many .sympathisers in Ireland, determined 
'o make a ventui-o there. He gathered together 
an army ^nth the help of Ixuiis, composed mainly 
of French officers and soldiers, and landed in 1 689. 

1 1 is not eiusy to understand why he fail(‘d so 
impelt^^sly in this expedition. Hls cause was that 
of all the ( \atholics, the large majority of Ireland’s 
population. Yet irom the lieginning the cause 
of King Janies seemed hopeless. He seems to 
have obtained, most unjustly, the reputation for 
<*ow'ardice, which was never one of his charac- 
teristics ; but he was not fitted to be a leader of 
men. He seemed uncertain what courst* to 
fuirsue, and thus earned in Ireland the reputation 
of wanting courage and resolve. On the other 
.side, William of Orange had impressed the Irish 
from the first with admiration for his courage and 
resolution even while they detested his cause and 
himself. The Battle of the Boyne, July 1st, 1690, 
decided the whole campaign. James w as defeated 
and his army suffered severe loss, while the loss 
to the army of William was comparatively small. 
James bad to abandon, even to fly from the 
field. He returned to France, and settled at 
St. Germains, where he engaged in many in- 
trigues to regain the croAvn, but w ithout 8uece.s8. 
Janies left two daughters by his fu-st w'ife — Mar\, 
married to William HI., and Anne, afterwards 
Queen Anne. His son by his second w'ife wa.s bom 
on June 10th, 1688. He also left several ille- 
gitimate children, of whom the most famous was 
James, Duke of Berwick, son of Arabella Churchill, 
tbe sister of tlie Duke of Marlborough. Berwick 
was appointed commander of the French army 
in Spain, and in 1707 defeated the English and 
tbe Imperialists at the great Battle of Almanza. 

** James III.** of England. James 
Edward, the Chevalier de St. George, was 
acknowledged King of England as James III., 
on his father’s deathbed, by Louis XIV. When 
he was aViout twenty he entered the French 
array, and fought at the Battle of Oudenarde. 
When the Peace of Utrecht was concluded he 
was compel lf<l to leave France, and went to 
Jxwraine. At this time he was much urged to 
Ijecome a Protestant so that ho might have 
a l^ettor chance of succeeding to the throne of 


England, but he consistently refused to change 
his religion. On the death of Queen Anne he was 
proclaimed king at Plombidres. When BoUnju- 
broko was at the head of the Government in 
England, there seemed to bo a chance for tlie 
success of the cause of the (Chevalier. James w'cnt 
to Scotland at the time of the rising bended by 
the Earl of Mar, but did not arrive there until 
after the Battle of Sherifmuir. Though brave, 
James w'as wanting in energy and deci.sion. The 
rising failed, and James and Mar, leaving their 
followers, fled to France. When, in 1717, the 
English Government compelled the Regent ot 
France to expel James from French territoiy, he 
went to Rome, where he was betrothed to Ule- 
mentina Sobieski, granddaughter of the King of 
Poland, wLom he married in 1719. In the follow - 
ing year Charles Edward was born. James’s life 
w^as spent in unsuccessful attempts to assert his 
claim to the crown of England. He died in ntio. 

** Bonnie Prince Charlie.’* His son, 
Charles Edward, is the hero of many romances. 
He made a better fight for the crown than his 
father had ever done, and in 1745 ho raised a 
rebellion in Scotland, where Edinburgh sur- 
rendered to him, and he actually held court at 
his ancestral palace of Holyrood. He won a 
great victory over Sir John Cope at Prest on- 
pans on September 21st, 1745, and marclied 
towards Ixindon, but, after one or two victorus 
on his way, was completely defeated by the 
Duke of C\imlx*rland at (\illoden. Cumb(’rland 
treated the defeated Highlanders with such 
brutality that he was known as “the butcher.” 
Charles escaped to France by the help of Flora 
Macdonald, who saved his life. He made many 
efforts to get assistance from some of the CJonti- 
Dental States, but with no success. He had 
quarrell(»d with his father and with his brother, 
(Cardinal York. On the death of his father ho 
went to Rome and, in 1772, married the Princess 
Louisa of Stolberg ; but the marriage w rh not a 
happy one, for she eloped with Alfieri, the poet. 
Charles sank into habits of utter dissipation and 
died in Rome on January 31st, 1788. With him 
may bo said to have ended the efforts of the 
Stuart family to regain the crown. 

William and Mary. On February 13th, 
1689, William III. and Mary were proclaimed by 
the (’onvention Sovereigns of Great Britain and 
Ireland, after the Declaration of Right had been 
passed. The Bill of Rights was the result of 
the deliberations of a committee appointed by 
the House of Commons in 1689 after the R<‘Vo- 
lution to consider what measures should be 
taken to prevent the principles of the constitu- 
tion being violated by any future sovereign, and, 
further, for the purpose of enacting several new 
laws. After much dis^jussion, it was resolved to 
fill the throne immediately, but to insert in the 
instrument which conferred the crown on 
William and Mary a statement of the funda- 
mental principles of the (bnstitution. It was 
also decided that all questions of further reforms 
or the making of new laws should be postponed 
to a more convenient time. A committee pre- 
sided over by Lord Somers framed a Declara- 
tion of Rights which the Lords accepte^d after 
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making Home slight alteraiionii. This declaration An Eventful Year. The following year 
was read to William and Mary before the crown was also made unfortunate for William by the 
was tendered them. loss of the Smyrna Fleet and the defeat at 

The Declaration of R.ight. The first Laiiden. The year 1694 was an eventful one. 

section of the declaration stated the various The death of his wife, on Decern I kt 2Hth, was a 

acts wliieh it was the purpose of this measurt' to fmblic as well as a privah^ calamity. The Bank 

prevent in the future on the part of any sov(‘reign ot England was established in this year and the 

of England. 'J'hc* second section declared the Tharter of the East India Company renewed, 

lesolution ot Lords and Commons that U'illiam 'Phe disastrous failure of the expedition against 

and Mary should l>ecome King and Queen, to Brest, which occurred in the same y<‘ar, v^as 

be succeeded by their lawful issue, or, tailing caused by the French Government In'ing in- 

such, by the issue of the Princ(*8s Anne. 'J’he formed, through a letter from Marlborough to 

fourth, fifth, sixth, seventh, and eighth con- King dames, of the intentions of the English 

firmed this, and also confinned the power of which were meant to be kept a i)rofound secret. 

Parliamimt. The ninth declared that no member Other important events of this part of William's 

of the Church of Rome, or one married to such, reign are the establishment of the National 

could be sovereign of England, and, further, D(‘bt as a system ; the handing over of the 

that every King or Quwn must subscribe and control of the Standing Army to Parliament ; 

audibly repeat the Test Act on tlie first day of the liberty of the Press — at least in princple — 

their first Parliament. In the twelfth .section and th(‘ making of Ministerial responsibility a 

it is declared that no dis])ensation t)y v/)n part of the Constitution. Indeed, it ma 3 ' be 

obstante of or to any statute shall l»e allowed, said that the British Coastitution was then 

except such dispensation be al!o\Acd in the established on the basis which it has ever 

statute or l)e S}>ecially provided for i)y one or sinee maintaim^l. 

more Bills to bt‘ })ussed daring the* present The Assassination Plot, first designed in 161K5, 
Session of Parliament. and Berwick's Plot, both of which were dis- 

lu Ireland the followers of Janu*s XL were still covered before they could be successful, did 

holding out, but the struggle d.d not last long. much for the popularity of William, an associa- 

Tlie story of James’s campaign in Ireland has tion l)eing promptly formed for his protection. 

l>een already told. In 1091, Ginkell concluded The King and His Dutch Guards, 
the Irish war by taking Athlone, winning the In 1697 the war with France was concluded 

Battle of Aghrim and l)esipging Limerick. The by the Treaty of Ryswick. In the same year 

famous “ V^iolated '^Preaty ’ was made hv the the Bill for tlie reduction of the Standing Army 

Engli.sh commanders, but was afterwards repu- was introduced, and in the following v'^ar the 

diated by the Government. In Scotland the Tory Party carried a Bill which comjX‘lled 

crown was offered to William on his aeees>ion, William to dismiss the Dutch Guards. He was 

hut Graham of (’laverhouse. Viscount Dundee, so annoyed at this that he washed to leave 

raised tlie Highlanders in the Stuart cause. His England, but abandoned the idea on the advice 

death at the Battle of Killiecrankie, in J6S9, at of Lord Somers, his Lord Chancellor. William, 

the moment of victory, left little chance tor the di^pleased hv the action of the majority in the 

adlr^rents of James II. in Scotland. Commons in 169S, prorogued Parliament on 

The Massacre of Glencoe. The May 4th. and in the following year dismissed 

Massacre of ClenciK*, at which many of the his Ministry ; and the Act of Succession, necessi- 

adherents of the Stuart cause were killed by tated by the death ot the heir to the throne, 

treachery, must ever be a stain on the memory Arme'^ son, the Duke of Gloucester, w'as passed 

of William, though it is said that he signed the by a Tory Government. In the meanwhile the 

order w'ithout reading it. AMien the rclxllions in failure of the famous Darien scheme had caused 

Ireland and Scotland were suppressed, William great discontent in Scotland. The Commons 

was able to carry out that foreign poliev which made unsuccessful efforts to im|>each the late 

was always his chief object. He was a man Ministry for their shaiv in the Partition Trt*aties. 

of great ability and of many great qualities, William again prorogued Parliament in June, 

but he was never able, in his lifetime, to wiu 1701, and went to Holland to consolidate the 

the full sympathy of the English j)eople. His (band Alliance between England, Holland, and 

foreign birth was against him, and his love for the Emperor I^opold against the design of Dniis 

war was btdieved to have withdi'awTi him too XIV. to make his grandson .sovereign of Spain, 

much from promoting the domestic imjuovc- \Mien King James died, on Septcml>er 6th. Louis 

ment of England, His cold, unattractive dcclaredhisson, James Edw ard, King of England, 

mannere also repelled many of those who liad William’s can'er was emt short by a mt're 
to act with him in affairs of State. In 1672 accident when he had not long passed Ins 

Marlborough was dismissed from office in con- prime. He had returnt'd to England in Novem- 

sequenee of the discovery of his intrigues with b(T, 1701. and on February 20th in the following 

the French Jacobites. Though a gi’eat soldier, year his horse stumbled, and he died from the 

William’s campaigns were not alw'ays succ^essful. injuries he received. Before his death he gave 

Rusaell's great victory off La Hague prevented his assent to the Succession .\ct, and as he had 

the threatened invasion of England, h\it William no children the crown passed to Aime, the 

was defeated by Luxemburg in August, 1692, second daughter of King «Tames 11. by his first 

at the Battle of Steinkirk. wife, Anne Hyde. 

Continued 







nttachcd. A bunch carrioR from 10 to 30 pounds 
of fruit. It is very rare that all the dates on a 
bunch ripen at the Hanio time, and in the rase of 
choice varieties, those which hrst aro often 

hand-picked and 8hip|)ed at once in order to get 
the high prices jiaid for the (‘arliest consignments. 
It is also claimed that picking the outer dates of 
the bunch, which usually ri|)en first, permits the 
inner fruit to ri[)en better. Frecjuently when most 
of the dates on a bunch are ripe and the rest are 
beginning to ri|)cn the whole bunch is cut off and 
hung up in a dry and shady place. In a few 
weeks tne whole bunch is ripe; and ready for ship- 
ment. Th^ choice varieties of dates are shipped 
from the Sahara, either in hags or long, wooden 
boxes, and aft/cr wards repacked in smaller boxes. 
'I'he above methods apply to the Deglet Noor 
variety, which is chiefly exported from Algiers. 
The lihars variety, whieh is full of sugary juice, is 
not so easily handled. The Arabs usually hang up 
the bunches and allow the juice to drain oft’ into 
jars, 'rhis juice is called dafe honey ^ and wlien it 
has drained off tlie fruit is ready for ]>acking into 
boxes or skins. W hen packed tightly dates keep 
tor years without any deterioration in <jualitv. 

Prunes. Prunes are sim])ly dried plums 
3’he Ijest kinds 
ar(‘ sim])ly sun- 
dried after care- 
ful selection for 
(| u a 1 i t y. Tli(‘ 
plums are allowed 
to ripen tho- 
roughly before 
being gathered. 

'I’he alt('rnativo 
prtK'css used in 
soice districts in- 
volves tlie u.sc of 
a lye bath, as for 
r.ii.sin-curing, to 
soften the skins 
and facilitatedry- 
ing. The soften 
ing ill otlier cast’s 
Is done by half 
cooking t he dried 
plums for from 
two to three 
minutes in water 
to which glycerin, 
in the proportion of 1 lb. to 20 gallons, is added. 
Tlie plums an* then dried for three or four days, 
and then packed on glass bottles that are tightly 
scaled. The lighter coloured prunes are submitted 
lo a siilplmring proeess. 

Figs. F^'s come chitdly from Asiatic Turkey, 
though Portugal. Spain anti (Jrccce send small 
(|uantities. d’he Hgs are allowt'd to drop from tlio 
trees ; the fruit does not bruise because it isdry. The 
tigs are then exposed to the sun on dry grass for 
three tir four tlav'^. Smyrna is tlie centre of the fig 
producing district, the growers bringing in tludr 
])roduee in sacks. Damp is injurious in the drying 
process, and the pre-eminence of Asiatic Turkey 
is due to tlu* climate being pt'rfeet for fig-drying. 
In Sjiain tlie climate dt'tnands that tlie fig*^ must 
he covered uj) with hoards or canvas during the 
night or they would spoil. 

Desiccated Fruits. Desiccated fruits in- 
clude dried apples, apricots, and ix'aehcs. It is 
questionable whethir the demand ft)r dried apples is 
so large as formerly, as the preference is naturally 
given to the fresh apples now obtainalile aP tlie year 


1. KIREKX APPLE-FAKlNt; MACHINE 
(Sprague Catmiiii; Machinery Co., ('hic.ago' 


round. The dried (fpfde8, or apple rings, as they are 
called, have, however, the advantage of cheapness, 
and when rejuvenatt^d by soaking in water, arc a 
really passable substitute for the fresh fruit. The 
apples are pared, cored, and sliced by machinery, 
one of the machines being illustrated in 1. As soon 
as peeled, the apples are dropyxjd into salt water, 
and after a few minutes’ immersion, are put in the 
sulphur box, and fumed for from .30 to 35 minutes. 
The slices are then spread on trays, and placed in 
the sun for four or five days, being turned once. 
When artificial drying is employed, a ehanib(*r or 
evaporator supplied with a current of air at 240'^ F. 
is used. The trays of apple slices are taken through 
the evaporator on an endless chain, moving every 
three or five minutes. A bushel of apples makes 
5 lb. of dried fruit. Apricots and peaches must 
be thoroughly ripe and well coloured before 
being gathered. They are then pared, halved, 
and stoned by sirnyile appliances, and placed on 
wooden trays cut side up. Drying takes five or 
six days in the sun, and is often preceded by 
sulphuring. As neither of these fruits arc grown in 
Great Britain to any extent, there is considerable 
demand for the dried articles. Passable jam can 
be made from dried ayirieots, the proportions being 

2 lb. of dried 
ripncots, 5 lb. 
of sugar, and S 
pints of water. 
The apricots 
are covered with 
w.iter for five 
ni i n lU e s an d 
drained, S j)ints 
of water being 
tliCQ added .ind 
allowed to remain 
in eont.ivt for 
12 hours. Next 
transfer to an 
(‘namelled jtaii, 
boil for five 
minute?, add tlu' 
’’‘ugar, ag.nn boil 
lor fifteen 
iiiinulcs, and ]un 
into })ot-'. 

Canning 
and Bottling. 

Fanning fruit is 
T'he Engli-^h term 
,i'<>ociation of a 



distinctly an American process, 
would be tinning, but as the 
metal with a fotnl is apt to convey a bad impression, 
it is i>erhaps as well that the American t^rm 
canning is U'-^ed. Bottling of fruit is, of course, 
merely a development of canning, the primary 
reason doubtless being that glas'i is pref(*rable 
to tm for fooil eonlamer^. 'I’he underlying f»rinciple 
of eivuiing and bottling fruit is that tlie contents 
are ?tenhs(‘d, and then preserved m a hermetically 
.sealed vessel. The temperature of ITt*' F. lias l>ecn 
found to be the cornvt one to use in sterilising, 
but the time taken for this temynTature to penetrate 
to the centre ot the vessel containing the fruit 
naturally varies according to tlie size of the vessel 
and the kind of fruit wdiich is being sterilised. The 
fruit must not be heated sufficiently k>ng to cook 
it, hence care is neee''Si\ry in tlie temyx'ratiire 
employed, if sueeessfiil bottled or canned fruit is 
to l>e yirodiieed. The “ A. B. H. ’ thermometer [2] 
is u.sed to ascertain the sterilisation yxiint of the 
interior of a bottle of fruit. A similai thermometer is 
also ajiplied to cans. Fruit is canned in eitlu’r water 

4S45 
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or sNTup. If 8yrnp l>o employed, it is ]>ourod over the 
fr«it as it boils, and consequently the time taken 
for sterilisinf; is shorter. The general formula 
for canning fruit is as follows : (’arefully select and 
premre the fruit, place in the tins, and cover with 
cold or boiling water ; seal the tin so that it is air- 
tight, and sterilise (or “ process,” as canners 
stenerally call it). The average times are ; For small 
fruits, such as cherries and small plums, pint size 
cans, 8 minutes : quart size, 10 minutes. For 
large fruits, such as peaches and apricots, ])iDt .size, 
10 minutes ; (piart, 12 minutes. These are for fruits 
with the stones left in. When the .stones have 
l>een removes.! a shorten time is required, as the heat 
<s conveyed to the interior in a .shorter time: for 
pint cans. 0 minutes, and for quarts, 8 minutes are 
Mver.age times. 

Preliminary Treatment for Preserv- 
ing, Ap])ies and similar fr\iits require 
paruiir and coring, a.s for making dried apples, 
but arc not sliced. Pack as lightly as possible 
in the containers, till with boiling water, 
seal and ]>rix'ess, I'he time required is that 
Loven for stomal fruit. A diftieiilty met with 
ut <'anning ajiples is tlie discoloration of the 
fruit. To obviate this some makers put the 
ijqiles, after t>eelin£r, into a solution of sodium 
-‘Ulphiic (I oz. to 4 tiallons of water), or a 
-olulion of .ilum of the same strength. When 
'Vrup js Used, it is of the strength of in'-’ B., 
and is often tlavoure.. with lemon. 

Pears are treated in a Bimilar manner to 
apples, but are often more difticult to keo]) 
white. If the result desired l>e not obtained 
by the treatment given above for apples, 
the [X^led and cored jif-ars are exposed to 
the gas given off from buruimj .-julphur for 
three or four hour-;. 

niemc*, have their stones removed by 
means of a yitiinff machine, are then put 
into Ixittlos, covered with water, sealed, 
ond pro<‘Cf<ed. 7’he cherries used should 
not l>e ri|X*, and the water cmjdoyed for 
.‘ill in:, the bottles is generally coloured with 
ccx hineal, as the public prefer a brightly 
coloured protluct. 

Orcengag^^s are pricked to prevent bursting, 

^ silver oi cop;>er needle being emjdoyed. 

The water is often tinted green wuth a 
little emerald green. Plums are pricked, 
but no tint is needed. 

(iooselxTi'ies are bottled when green. 

Apricots and [xaches are cut into halves 
and pricked, the stone.^j also being removed. 

.Syrup is always used for these fruit.' 

Whole apricots are also canned. 

Rhubarb is bottled when tender and 3"oung. Jt is 
cut into pieces about in. long. Water is ii.sed 
in the bottles. 

Bananas are bottled in syrup to which glucose 
has been ad<led in place of Migar. The syrup i.s 
generally tiavoured with vanilla or lemon, and to 
improv(' the taste, a little citric acid is added. 

Red currants are removed from the bunches with 
a riiV kel, silver, or celluloid comb, 

BlHcklM'rries require very careful picking over to 
remove leaves and refuse. For this purpost^ they are 
spreid out on a table in front of the ojjcrator, a 
good light Ix ing essential. 

Ra‘-)>U;rrie.s and straw'berries arc not successfully 
canned unless they have Ixen previously candied — 
that is. if it is desired to retain their shajK*. 

Pineapples are fxjcded by machinery and sliced, 
<^*are being taken to remove all the ” eyes.” This 


fruit takes about two hours to process, at the 
temi>erature of boiling water, on account of its bulk. 

(Vushed fruits, so much used for soda fountains 
in the United States, are jiropared by crushing or 
grating the fruit, which is then heated with boiling 
syrup at 28^ B. for three minutes, then transferred 
to tins or bottles, and ])roces.sed for a time varying 
from 10 minutes for jiint containers, to 40 ininub s 
for gallon tins. 

Pulping. Fruit pulp is fresh pulp ])roservecl 
without sugar ; it is, in fact, a sterilising jirocess of 
kee])ing fruit. Large quantities of fruit pulp are 
inifiorted into Great Britain, and used for making 
jam. All the ajiricot jam made in Great Britain is 
necessarily made from imported apricot pulp, as 
but few apricots arc grown in this oountr3\ Pulped 
fruits are a little inferior to rijx* fruits for jam- 
making, and hence pulps are only used in medium 
and cheap jams. The difference, however, is 
mainly in ap]x?arunco, and does not affect 
the wholesomeness of the jiroduet. The 
addition of colouring matter to jams made 
from ])ulps is required to give a nice ujqK'ar 
anee. Ra.sj)berry pulp is imi>arted from 
Holland in casks, but the com])arat ivelv 
re^‘ent i)n])ortations of raspberry and l>la< U 
(Mirrant j>ul])s from Tasmania are in (insainl 
of sujxTior (pialily. Rasplierry ])ul]). al-o. 
comes from (^anada and New' Zealaml. 
whilst aj)ricot pulp is made in California. 
France, Spain, and Ital\\ where the sunny 
climate makes apricot growing in the o|h*ii 
air })()ssil)le. Plum pulp is not imported, 
owing to a curious anomaly in the British 
Customs elassitication w'hieli brings il under 
the head of prunes, a dutiable import. 

The jirocess of fruit pul})ing is, in oulline, 
to add 32 oz. of water to 20 lb, of the 
fruit, hoil for live minutes, ]nit into gallon or 
two-gallon tin.s, and process for from 2J hours 
to 3i hours (for gallon tins) at the tem]>era- 
ture of boiling water. The tin should hi' 
laccjuered to ])revent possible metallie con- 
tamination and discoloration of the pulp. 

Apricot jnilp is made from ripi* fruit 
which has Ixen stoned, and a little iiiori' 
wab'r is added than is given in the outline 
process above. I’he, stones from the aprii'ot 
are u.sed for tlavouring ])urpost'.s, and should 
not 1 k‘ thrown aw'ay. Peaeli ])ul)) is similarlv 
pre])ared. Greengages arc stoned, and in the 
preliminary boiling should not be \iolenlly 
stirred, as the fruit would lx* broken up loo 
2. “A. H. n, ' uuieh. Cherry, straw’lx'rry, and black eurranl 
THERMOMETER jire.seiit no difficulties, exeejit that iii 

the ea.se of .straw Ix'iTies the prelimm:ii\ 
boiling is limited to two minutes, on a< count of 
the soft nature of the fruit. 

Jam-maKing. Jam is usually de.scnbed as a 
conserve of fruit boiled down with sugar. There 
is no standard for jam. Each jam-maker lias his 
own modification of the old formula — 1 lb. of fniit 
to I lb. of sugar — the test of a good product Ix'ing 
the appreciation of the purchaser. It is, of course, 
understood that wholesome ingredients must lx* used 
in every case. The em])loymcnt of w'(‘t or damagc'd 
fruit for jam- making brings in its train a multitude 
of consequence.s which soon injure a jam-maker's 
reputation. The solidifying projierty of jam is due 
to the sugar and to the }K*ct6He contained in rirn' 
fruit. The pc*ctose, by boiling with vegetable acids, 
fluch as are also contained in the fruit, yields a 
jwoduet known as yeriin, which possesses solidifying 
IK)W'(*r like gelatin. Prolonged or violent bo’iling 
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destroyb the fiectin, and hence impairs the solidify- 
ing power of the jam. ()n the large scale, steam 
pans [8J are used. 

The general formula given above is the one on 
which the nianufacturer founds his process, except 
that the boiling, which in the chhc of domestic manu- 
factures may be up to two hours, is by steam pan 
process cut down to 15 or 20 minutes, the product 
being superior as regards flavour and api^earuncc to 
the domestic article. Water is 
added in the same proi>ortion as 
given in the pulping process 
above, and crystal sugar, equal 
in quantity to the fruit, is added, 
the mixture being boiled to dis- 
solve tbe sugar. The contents 
of the pan are stirred, and if 
glucose be used, it is added in 
place of part of the sugar. The 
seisond or medium grade jam is 
made froin fruit pul[), and a 
chea}>er grade still is made by 
boiling fruit pulp 100 lb., sugar 
;i0 lb., and glucose 70 lb., till 
dissolved, and adding towards 
the end of the })ro<ess 1 lb, to 
1} lb. of agar-agar dissolved in 
the sniallesl (piantity of uater. 

'Phe jam is ]>oured into 1h(‘ earthenware or gla^^ 
pots direct from the pan, and when the |»roduct has 
.s(‘t, the surface is covered with a disc of paraffined 
paper, previously dipf)ed in brandy or solution of 
salicylic acid. 'Phe wet pjirchinent cover is stretched 
over the top and fastened so as to exclude air. 

The Mahing of Special Jams. Straw- 
Ix'rry jam is made from the freshest fruit, for if 
the strawberries stand over-night the colour of 
lh(‘ jam is not so good. 

'Phe Wisbech district, 

Kent, and C’ornw'all are 
the strawberry-grow'ing 
parts, the Cornwall 
strawberries being the 
earliest in the market. 

Raspberries are grown 
extensiN el y near Yar- 
mouth, and at Blair- 
gowrie. The crop of 
raspberries of late years 
lias been poor, but it 
may be mentioiu'd as a 
hint to growers that 
Maclaren’s Prolitic and 
the AntwH*r]> raspberries 
are the ones w hich stand 
t lie climate lK*st. Rasp- 
herry jam is a difficult 
one to set, and for this 
reason it is lUHCssary to 
add a portion of goose- 
berry or ajiplc jelly. 

Black cimrants come 
in large quant if ies from 
France, Holland, and 
Belgium, and on account 
of the ravages of the black currant “ miU‘,*’ im- 
ports of the fruit are jiece.ssary to meet tbe demand. 
Blackberries are prt‘served with apples, and such 
jam is in increasing demand. The bhu*kl>erry crop 
is a ditfu ult one to get picked, and fetches from 
tlO to £20 a ton. Aa regards plum jam, although 
plum pulp is not imported, for reasons stated above, 
uiimeuNt* (juantities of plums reach this country 
from the Coutiuent, in seasons of scarcity coming 


even from so far afield as Hungary. French and 
German plums come in some three weelcs before the 
English plums are ripe for the market, but are not 
sujierior to English fruit. The advantage which 
foreign fruit enjoys over home grown is that large 
quantities of a particular kind of plum — such as 
the Zwetchon — can l>e obtained, whereas the English 
plums are from various kinds of stork. When 
home-grown plums are plentiful the foreign article 
cannot be profitably imported, as 
it costs £7 10s. a ton to import 
foreign |)lums, and an English 
grower is satisfied to get £7 in 
times of plenty. Greengages nearly 
all come from Cambridgeshire. 
Damsons are very largely grown 
near Wrexham for jam purposes, 
and although the popular taste 
has shifted from damson to plum 
jam, there are still large quantities 
of damson jam sold in I^ncashire. 

Kind of Sugar Used. In 
manufactured jam there is about 
55 per cent, of sugar. The suL^ar 
may be either the product of the 
sugar cane or the beet. [See 
SroAK.J There is [uiiotically no 
difference in the res|M‘etive values 
of these sutrars, so that the chea{K.‘^t should be 
used. Glucose has been used by some manu- 
facturers since I8t»4. but it is only in comparatively 
recent years that the use of glucose* has been 
recognised as Ijenetic ial in jam-makiiiir. From 
10 to 20 iK‘r cent, of glucose in jam prevents candy- 
ing or granulating of the sugar when jam is kept, 
and bt'sides yields a j.im that is thinner and better 
liked by the public. When sugar i'' boiled with a 
weak solution of a vege- 
table acid, it i*' changed 
into " invert sugar, 
then into dextrose and 
levulosc, and finally into 
glucose. 

Jam Colouring. 

As has bt*eii noted in the 
section devoted to pulp- 
ing, tlie colour of the 
product is impaired, so 
that when made into 
jam a colonrimr matter 
IS n(‘i‘deil. Pink is ob- 
tained by the Use of 
carmine (the active 
principle of cixliineal) 
and a w me red by 
means of cudbear. 

Aniline dyes, rhoda- 
mine and rosaniline are 
used, the tj u a n t i t y 
iiceiled U*mg but 5 or 
10 grains in a hundred- 
weight of jam. The 
colour is added in solu- 
ti(Ui during the early 
part of the proc'ess of 
jam-making. As yellow colours, sometimes added 
to apricot jam, saffron yellow and auramine 
(aniline d3'Cs) are used. In regard to the use of 
preservatives salk\vlic acid is emploved in the pro- 
portion of .J oz. to 1 cwt. of jam. It is added in the 
form of })Owder at the beginning of the proc'css, the 
boiling of the jam bt‘ing sufficient to ensure mixing. 
Owing to the minute quantities of the aniline dyes 
reipiired no harm results from their use. 
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Fruit Jellies. Fiuit jellies are traiisparent 
})re[>aration8 of the juiees of fruits, and nre used 
to supply or make good the deticieney of the setting 
|)ower of raspberry, strawlx^rry and black cun*ant 
jams. Some jellies are, however, largely used in 
place of jams, while red currant jelly has a sixvial 
purpose in the cuisine as an adjunct to roast mutton 
and hare. The fruits from which jellies are mostly 
prepared arc apples, gooseberries, grain's, black 
and red currants, and blackberries. The proi'ess 
is to mix three parts of fruit with one part of cold 
water, and boil. The mass is then transferred to 
filter bags and the juice is finally heated to boiling 
j^K)int and poured into stone jars which have been 
previously scalded to destroy fermentation germs. 
Fruit jellies are made by adding to each ])int of 
juice a little over a |)ound of sugar and boiling till 
a small quantity of the product, removed and 
cooled on ice, sets to a jelly. 

Marmalade. Marmalade is an orange jam, 
although originally the name was applied to a 
quince jelly, marmelo being the Portuguese for 
quince. It is now rarely made from quinces, 
but oranges, lemons, and grapes are used. Origin- 
ally marmalade was made with honey, but now 
sugar and glucose are the bases employed. Orange 
pulp is ira}K)rted from Spain for the use of marma- 
lade makers. Machines are sold for the .sj>ceial 
purj)oae of cutting up the. orange and lemon |)eel. 
A good doniistic nuirmalade is made by using both 
bitter and sweet oranges with lemons. For in- 
stance, 0 bitter oranges, 3 sweet oranges, and 2 
lemons may l>e taken, the ]>e(‘ls being removed, 
with a minimum of white, cut up and boiled with 
D pint> of water until soft. The rc'^t of the fruit 
is pul|K'd and the juice expre.ssed, and in the mixture 
of juice and peel infusion 11 lb. of sugar is dissolv’ed, 
and the whole boiled until jellying takes place on 
cooling a little of the mass. For making marma- 
lade on the large .scale, oranges are }>eeled, freed 
from fiip.s, the |>eel sliced and cut up in pieces 
by a machine [ 4 ], and the rest of the orange 
reduced to a pulp; to 20 lb. of this jmlp 
tre added 30 Ih. of sugar and I gallon of 
appl'‘ jui'C, the cut-up |)cel intr^uced, and 
the whole boiled .slowly for an hour. After this 
further boiling given at a more ra])id rate 
till the ]*roduct iellies on cooling. It i.s ob\ ious 
that the oranges may lx; mixed, as in the reei|X‘ 
for domestic marmalade. Oramjt marrnafadc of 
the jelly class i< m.rh* by excluding the orange 
f)ulp, using only the juice. A French recipe is as 
follows : orange juice, 5 ]>ints ; ajiple juice, lo 
pints; syrup, 10 pints; sugar, 5 Ib ; finely 
^bced orange |)eel, 5 pints. The.se ingredieiil.s are 
boiled together till the marmalade sets to a jelly 
on cooling. Grape niarmrdadc is really a fruit 
jelly, and is made according to the method deserilx;d 
.n the section devoted to fruit jellies. 

Candied Fruits. Candying i.s a refinement 
of the pre.servcr.s’ art, and i.s apf»lied to cherries, 
‘“trawlxjrries, greengages, small orange*^ and jiears, 
to lemon, orange and citron j>eel, and to angelica. 
Tie* fruits are jircpared as for bottling and finally 
rlra il on trays made of white willow. A stoneware 
lank is employed, the fruits being paekexl in it 
and covered with weak syruji. After being in the 
syrup over-night the syrup is withdrawn by means 
of a htojKock at the bottom of the tank and con- 
centrated by ho'ling and adding more sugar from, 
say, 2(3^^ B., at which it was u.sed first, to 22^^ B. 
This syrup is then |K>ured over the fruit and left for 
two or three days, drained off and again concen- 
Fruit Preservation conch 


trated^ the process being continued till the syrup 
registers 33® B., when it is drained off and the 
fruits taken out and -dried slowly in a warm room. 
Finally, if the fruits be not covered with fine 
crystals of sugar they are crystallised by pouring 
^ over them, on a wire tray, a syrup of 
33® B. strength, made from ^)ure sugar, 
drained and dried. Glace fruits are pro- 
duced by giving the fruits at the end of 
the syruping process a few minutes' boiling 
in syrup and removing them to a wire tray 
to dry slowly. A small pro})ortion of glucose 
may be added to the syrujis used in candying 
fruits, and colouring matters may be intro- 
duced if needed. A hot process is also 
employed in which the fruits arc boiled 
with the successive syrups. Besides being 
eaten for dessert, cnndiea fruits are used 
for ptejwring sujierior kinds of jam. (^indied 

y strawberries and raspberries arc excellent 
when made into jam with a]>ple juice. 
Candied cherries are covered with maras- 
ehino-flavoured spirit to make ‘‘ cherries in 
maraschino,” and Wie-sbaden fruits are 
candied fruits put up in strong syruj). 
6. For testing the strength of the syriqis a 
HYDRO- liydrometer [6] is employed, 

METER The Factory. The ideal arrangement 
of a factory is such that the workmen arc koj>t 
employed all the year round. Hcncc, factories 
Mhich make jam should tin vegetables and 
make pickles to fill in slack months. It is, con- 
sequently, difficult to give trustworthy estimate*^ 
of the cost of ctnij})ping a factory until the ext(*iit 
of the trade to Ik* done is statc*d. The machiiUMy 
for a small factory costs from £150, the capital 
outlay dc}K.‘nding upon whether certain branches 
of the canning business are to be entered, ('an- 
waking machinery, for instance, is installed in 
largo American canning factories, such installation 
costing about £100. Some of the costs of nuK'hincrv 
used in canning are stated Ix^low to give the 
reader an idea of the cxjxjiiditure in lilting up a 
factoiy. 

('opjkr jam-boiling pans, suitable for working a( 
a jMcssure of 70 lb., and with a capacity of 45 
gallons, cost £15. 

Tanls for bottling fruit arc made of iron with 
false bottom for standing the bottles on, under 
which is the heating coil. The cost of a tank 
7 ft. long, 2 ft. 0 in. wide, and IK in. high, is £13. 

Apf)l( -jxiring machines cost £1 to £.■), according to 
the pattcTn. An npjJi sheer of simple design costs 
Ifis., the more complicated varieties running to £5. 

A marmalade machine for strijiping the while 
from orange jieel and ( utting into stri[»s costs from 
£10 to £20. 

An hydraulic press lor cxtriicting the juice from 
apple pulp by hand power entails an outlay of 
£.70; for £5 extra it can he adapt<*d to jiowcr. 

Platform scales for weighing large <|uanlities of 
fruit or sugar cost £4. 

Horizoutal boiler comjiletc costs from £1(K) f»*r 
a 10 h-p. boiler. 

Hydrometers for testing the strength of syrup* 
cost 48. Od. each. 

7'hermomctcrs for taking tem|>cratiire of water, 
etc., cost lOs. 

Factory trucks cost £1. 

Hoist, of a capacity of 1,0(M) Ih., costs £10. 
Soldering irons cost from 2s. 

Peding knives cost 3s. (kl. a doy.tm. 
ided ; followed hy Fisheries 
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By W. A. BOWIE 


FIRE INSURANCE 

We have now finished with Assurance work 
and must turn our attention to the Insurance 
branches of the profession. It should be 
explained that the word “ assurance ” is usually 
applied to life policies, while “ insurance ” is used 
for all other kinds of policies. 

A company called the Fire Office was started 
in 1680, with premises at the back of the Royal 
Exchange, provided ^^uth “ a considerable bank 
of money and a fund of free land.” Since 
then fire insurance has steadily grown in im- 
portance, until there are now many companies 
doing an immense business, with millions of 
funds held in reserve against any possible con- 
flagration. 

Settlement of Claims. Fire insurance 
on payment of certain premiums is strictly an 
indemnity for actual loss sustained through fire 
and liglitning to an amount not exceeding the 
sum insured The amount of the iK)licy is 
not necessarily the figure which will be paid 
by the fire office. It is not intended that the 
insured should make a profit through a fire, 
the object being rather that he should only 
make good his monetary loss. It is a great 
safeguard for the fire office that the insured is 
aware that he himself is likely to suffer incon- 
venience through the disturbance which a fire 
must involve. The amount claimable is 
regulated by the value of the prof)erty at the 
time of the event, irrespective of what was the 
original cost. 

This is quite a different practice from that 
which holds in marine insurance. If a ship is 
insured for £30,000 and goes to the bottom, the 
underwTiters must pay for a total loss, even if 
the ship had depreciated considerably. If a 
fire office paid more than a fair indemnity it is 
held that the practice would prove a source of 
temptation and ^\ould endanger human life 
and property, while the rates of premiums 
would require to be largely increas(*d. Evtm as 
it is, the numerous cases of arson amongst a 
doubtful class of insurers show the necessity on 
the part of the offices for taking stringent means 
to prevent bogus insurances. 

A young man who thinks of enteiing a fire 
office may, by a little influence, or by a carefully 
written and well expressed reply to an advertise- 
ment, secure a situation. He should remem lier 
that as yet he knows little. Before him lie 
many difficult problems. He will be exp<‘cted 
to acquire some knowledge of building construc- 
tion and plan draw ing, chemistry and electricity. 
He must, while at work in his office, learn all he 
can about fire tariffs, and the different processes 
of manufactures. He must I’ead up the law 
relating to fire insurance. 


Proposals and Policies. Probably 
a junior’s first duties will be to write out in 
appropriate forms particulars of the various 
fire assurance orders which arrive each day. 
This will make him acquainted with the many 
forms of risk, and he will thus get to know the 
various rates of premium that are fixed for each 
kind of propert)^. He may then be set down to 
prepare policies for the more simple kinds of 
risks, such as insurance on private houses and 
furniture. 

Policies covering shops will be somewhat 
more difficult to undertake, becan.^e of the 
various hazards incidental to each trade. 
Special clauses require to be in.serted in the case, 
for instance, of an oil and eolourman w'ho keeps 
paraffin oil and turpentine on the premises. 
Later on the clerk w'ill be asked to wTite fliating 
'policies — that is, policies covering goods whicli 
may be di.stributed over several warehouses, and 
be constantly moved about from place b> place 
A huge factory may be the ne.xt risk to lx* 
dealt with, and here there may be a very ex 
tensive schedule with varying •^ums and rates 
of premium for each portion of the risk. And so 
the beginner will be led through an endless 
variety of work, which at first will scorn be- 
wildering. Perhaps after a year at these 
duties, an opening will occ*ur in another depart- 
ment, and our junior will pass on to gain furtlier 
experience. 

Risk Books. The proiierty of the central 
portions of a great town will be set out in books 
of maps and streets. It will be the duty of the 
Risk Book Clerk to watch carefully that too 
great sums are not at'cepted on any one block, 
and to enter every risk taken up, so that it may 
be seen at a glance how’ much insurance has 
already l)een accepted in one area. WTien an 
insurance lapses through non-payment of 
prtunium, the risk must be deleted, and no 
effort spared to see that the company is not, 
through oversight, involved in heavier claims 
than w^cre ever contemplated in the case of one 
fire, however great. 

Tariff Offices. An elaborate system 
of tariffs has been arranged by combination 
among the great fire insurance companies. 
A knowledge of the schedules drawn up to 
govern tbe rates for docks, w^arehouses, and 
factories will take years to acquire, and the 
student will need all his powers of memory to 
grasp the bearings of each separate tariff. 

The following questions which have appeared 
in the examination paf)erS of the Federation of 
Insurance Institutes will show how elaKwate 
and exhaustive is the system of rating, and how 
neceasary it is that the chief officers should 
agree upon certain guiding principles which it 
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Avill Ih' the duty of younger nieml>ers of the 
<taff to iU'quire and apply in the infinite variety 
of fiiv risks Avhieh will eonie before them. 

(1) What rate would you charge a cycle 
dealer (a) with, and {h) without oils ? Give the 
warranties in full. 

(2) \Miat rate would you charge a eliemist 
and dniggist {a) with, and (h) witliout oils ? 
Give the warranties in full. 

(3) \Miat rate would you eliarge a draper, 
other than woollen, witli one hundred assistants 
{ten of whom are employed in the restaurant 
or tea-room), and what extra would you charge 
if he also carried on the trade of a chemist and 
druggist ? 

(4) A draper decides to carry a stock of house 
mmishings, domestic ironmongery, and hard- 
\Naiv. State what extra rate is chargeable, 
and quote the taritf on the point. 

(o) Large premises in which there are com- 
bined trade'^ in one tenure communicate through- 
out. Insurt‘d desires to reduce the rate, but 
widies to pieserve a communication. What 
would you recommend ? 

(b) In the case of a sprinklered building, state : 
{a) The discount for automatic sprinklers. 
(/>) Does tills include discount for ordinary 
fire a} oliances ? 

(<) \\Tiat is the minimum net rate? 

{(i) To what items would the average 
clause apply ? 

(7) \Miat is the rule as regards payment of a 
fixed pcTcentage for interest on pk*dges in a 
]>iiwubroker's >hop in the event of fire ? 

(8) \Miat is the ruk* for goods in a strong-room ? 
And define the term '* strong-room." 

(9) WTiat di.scount may be allowed on standard 
tire-i’esisting buildings and on what conditions ? 
ttive the minimum net rate for such buildings. 

flO) Mention some combinations of tnides 
which entail an additional rate of 2s. fid. jx’r cent. 

The Surveying of Properties. Every 
fire office liRsS its chief surveyor and assistant's, 
who are called upon to visit factories and other 
dangerous risks. Xo experience could be more 
valua>)le, and if a young man is fortunate 
enough to be drafted for a time into the Survey- 
ing Department, it will be one of the best chances 
in his life. Accomjianied by his chief lie may 
have opjiort unities of visiting such risks as 
bleaching works, cotton spinning mills, collieries, 
and hoot and shoe factories. He may assist in 
preparing a jilan of a mill accompanied by a 
report giving full details as to beiglit and oecupn- 
lion of buildings, and al>o a« to any .surrounding 
hazard. 

It will lx* his duty to learn from his principals, 
and later on to be able to fix for himself, the 
rate which is considered adequate to cover the 
various risks. Such knowledge and practice 
will be of immense service to a youth if later 
on he Ifceomes a branch managcT of a fire 
office, or if on wune raemoralfic day of his life he 
la- cipjX)inted general manager of one of the 
great offices. 

All earnest student of his profession will 
los<- no opportunity of visiting, jierhaps as one 
of a party arranged by an Insurance Institute, 


factories which arc not at the moment brought 
befon' him for insurance, but which, at any 
future time, he may be called upon to survey, 
or to insure upon the report of some surveyor. 

Here, for instance, is a question from an 
examination pajK*!’, wliieli will show what a 
wfide field there is for study in this connection ; 
“ How should the structural arrangements for 
a steam corn mill and grain warehouse be 
planned in order to secure the most favourable 
terms under the corn mill tariff ? " 

Guarantee Department. It being 
evident that a company securing an order to 
insure a very largo block of pro}>erty cannot 
cover all the risk itself, it is necessary that a 
system of re insurance exist between the offices. 
A clerk must, therefore, master the proper mode 
of procedure in giving off risks, and in the 
acceptance of risks from other offices. He 
will also get to know the rules governing the 
issue of request notes, followed by formal 
guarantees. He will find that a code of honour 
is in vogue, as w’ell as a system of rules. 

The practice of re insurance is a useful one. 
whether considered from the point of view of 
the offices or their clients. In addition to tlu* 
obvious Inmefit of having a limit to the liability 
an office may undertake on one risk, the fact 
that the company giving off risk must fumish 
full knowledge of the ease ensures that all tht* 
i nportant companies are kept in possession of 
the current tariffs and the most modem 
methods adopted by each. Again, the insured 
is saved trouble by getting his proposal, how- 
ever large, dealt with at one office instead of 
having to approach several with portions of the 
risk ; while lie can feel confident that a gi-eat 
fire, which mi^ht ruin any one office and so 
render his foresight vain, is not likely to have 
such conse(|uenees under the guarantee system. 

The office accepting portions of the risk 
takes cognisance of the amount for which the 
ceding company makes itself responsible, and 
generally is careful not to accept more than is 
held by the office giving off th(‘ risk. An offer 
of busine.ss ('oming from one well-oondueted 
office to another is usually regarded as a suffi- 
cient r(‘eommendation ; but each company 
considers itself at lilx'rty to vary its aeeeptanee 
as it thinks projx-r. A large office may take 
U}> double the amount retained by the original 
company if the latter lie a small one working 
under careful limitations. 

Non-tariff Offices. There an* a few 
fire companies which have not joined the Tariff 
Association, and which profess to do business by 
taking each risk on its merits without i*eferenee 
to the rates fixed by the great combination of 
tariff offices. Many companies start by adopt- 
ing non-tariff principles, but fcAv make a great 
success on this basis. The tariff offices are bound 
not to deal with the non -tariff, and so the latter 
are shut out from the great U-nefit and eon- 
venienee of }x*ing able to re-insure freely or to 
profit by the experience of the tariff eoni panics. 
Ah a matter of far-t. the non-tariff offices’ rate is 
often fixed by finding out what the tariff com- 
pany charges, and allowing in some cases a 
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deduction where they think special circum- 
stances justify it. 

The tendency of insurers is to go only to the 
non-tariff offices when dissatisfied with the 
rates of the tariff companies, so that there is 
great danger of the former not getting the pick 
of the better class risks. It frequently happens 
that offices outside the combine, after being 
established for some years, apply for admission 
among the tariff companies, and the loss ex- 
periences of the non-tariff offices have certainly 
not, os a rule, been of a yery happy nature. 

Insurable Interest, A valid insurance 
contract presumes a real risk of loss in all 
eases. Mere speculation upon events by which 
the proposer is not affected will not suffice. 
Moreover, the matter in which the insured is 
interested must in itself be legitimate or the 
claim will not be sustained. The nature of the 
interest in the risk should be inserted in the 
policy, and where this is short of sole ownership 
the facts should be definitely stated also. Tfie 
extent of interest is confined to its actual amount 
or value, and no greater sum can be recovered. 

It frequently happens that three separate 
parties have an interest in one building — the 
freeholder, the leaseholder, and the mortgagee. 
It is sufficient to have the interest of each party 
noted on the policy without specifying the in- 
dividual amounts at risk. 

Fire Claims. An important department of 
fire insurance work is connected ^^ath the settle- 
ment of claims. Few outsiders can realise the 
immense amount of trouble wdiich must be 
taken to arrive at the sum to be paid by way of 
indemnity in connection with a great fire, while 
(‘ven small claims may give rise to questions 
requiring careful attention and the exerci.se 
of considerable tact. A claim register is kept 
in w'hich all claims are at once entered on the 
first intimation of loss. If the fire is at all of 
a serious nature a fire assessor will probably 
be appointed. He is a man — not generally m 
the full employment of any one company — 
who makes it his profession to estimate the ext^mt 
of the damage and bring about an amicable 
settlement with the insured. WTierc several 
fire offices are interested in the same risk, it is 
usual for officials from each office to meet by 
appointment, fixed by the assessor or by 
the leading office — the company having the 
largest amount at risk. The proportion pay- 
able by each company is, after consideration of 
the assessor’s report, agreed upon at this meeting. 

Arbitration. Arbitration is resorted to in 
the case of a dispuUKl claim, where the amount 
of the loss cannot be agreed upon. There may 
be one arbitrator, acting for both office and 
claimant, or there may be two, one chosen 
by the company, and the other by the insured. 
In the latter case an umpire must be appointed, 
so that, .should the arbitrators lie unable to 
agree on a figure, he may give his decision. 
If notice of election of arbitrator for either party 
be given, and none other l>e appointed within 
a certain time, the one elected can act alone and 
as if agreed on by both parties. The award is 
regard^ as conclusive, whether given by a sole 


arbitrator, by two arbitrators in agreement, or 
by an umpire. 

The greater part of the profession has of 
necessity to be learned by actual experience, 
although there are certain books, already men- 
tioned, which have been recognised for years as 
the leading authorities on the subject. This 
being so, it is obvious that the utmost that can 
be attempted in these articles is to point the 
load along which the student has to travel, mak- 
ing his progress by the way as easy as possible. 

One of the best tasks an intelligent junior can 
set himself will be to pass — not all at once, but 
one or two at a time — the examinations set by 
the Federation of Insurance Institutes, held 
annually in April. As the^ examinations are 
not compulsory, we do not give details, but in- 
tending candidates may obtain full particulars 
from the Federation, 9, Albert Sq., ^lanchester. 

Specimen Examination Questions 
1. Describe the various stages in transacting 
guarantee business up to the issue of th(‘ 
guarantee policy. 

2. What openings in a parting wall are not to 
be regarded as communications, and what is 
meant by the term “ fireproof compartment ” ? 

.3. State what you consider to lx‘ the main 
fire hazards of tanneries. 

4. What special danger is there in exposed 
iron or steelwork of so-called fireproof building.^, 
and how may it be obviated ? 

5. Summarise concisely what constitutes in- 
surable interest. 

6. Give a brief but clear statement of the 
reason for the adoption of the Average Glause in 
Mercantile and Industrial Insurance. 

7. What are the chief points to lie ohser\'ed in 
the inspection of an installation of electric wiring 
in a private residence ? 

8. Name four chemicals in extensive use that 
are likely to cause organic substances to ignite 
or ex])lode, and give short details as regards 
tw o of them ? 

9. Reply to a policy-holder having consider- 
able insurances on farm buildings, agricultural 
produce, and livestock who complains that no 
concession in ])remiums is made to him, although 
liis premises are fitted with electric light (dynamo 
driven by oil engines), and he has some efficient 
extinguishing appliances. 

ACCIDENT INSURANCE 

Large numbers of men are engaged in that 
branch of insurance which may come under 
the term Accident Insurance. Beginning with 
insurance for the purpose of giving protection 
to a man who might meet with injury to his own 
person, especially through railway accidents — 
at one time a much more serious risk than 
now — the business has developed in many 
unlooked-for directions. 

Accident business may to-day lx* divided 
into the following departments : (1) personal 

accident; (2) employers’ liability : (3) burglary; 
(4) horse, cattle, and carriages ; (o) plate-glass ; 
(6) sickness ; (7) general contingency. 

The junior clerk who finds himself installed 
in a well-managed accident company may assurt^ 
himself that there are great possibilities before 
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hw offic'e. Tlie intuxiuotion steam tirst 
brought the neiHi for this kind of insurance 
prominently for\\ard, and since then the use of 
electric power, and the risks attendant on the 
driving of motor-cars and the riding of motor- 
cycles of all kinds, have added new terrors to 
life, and provided a frt‘sh Held to be exploited 
by the insurance company. 

Personal Accident. Not so long ago. 
a ]>ersonal accident policy only covered a sum 
at death, certain sums in the event of loss of 
limb or sight, and a weekly allowance in case of 
temporary, total, or partial disablement. More 
rwently, a long catalogue of infectious diseases 
and certain well-detined forms of illness have 
been included, tintil an accident policy can hardly 
lx* distinguished from one for general sickness. 

The cx}H^rience of the companies conHning 
themselves to granting general accident [K)licies, 
with certain detiued diseases addetl, seems to 
show that the held is some^^hat restricted : 
yet in this department alone there is scopt* for 
the exercise of great wisdom in accepting 
suitable classes of risk and keeping careful 
^wltch as ti* moral hazard and cases of doubt- 
ful character. Anyone without clear means 
of subsistence should lu' r(‘fiised a ])olioy. This 
action may save tlic company a great deal of 
future troiiblc fnmi a man wlio might he guilty 
hereafter of malingering, or trying to secure by 
false pretences v oniix?nsat ion to which he was 
not entitUxl. 

The settlement of claims is sometimes a 
matter requiring great tart. The insured may 
wish to Ik‘ paid handsomely for tlie pain which 
he has suffered rather than according to the 
amount s|>ecitied in his policy. If a clerk is 
railed upon to s^'ule with unfortunate claimants, 
it may tax his ability considerably to arrive 
at a sum which will please the polic^^-holder 
and at the same time satisfy the manager ot his 
company that a settlement whii'h is not exoes.Mve 
ha« lK*en made. Here brain and tact come once 
more into play. 

Burglary Insurance. Within a few 
years burglarv^ insurance has developed into a 
hrancli of considerable importance. Every 
pnident man protects liimself against the loss 
caused throutrh burglary, housebreaking, larceny 
and theft, and. in the case of business premises, 
against burglary ancl housebreaking only, in 
the same way a** lie mako-^ provision against 
I(>s> by fire. Tli#* rale^ of premium and the 
methods adopted in the settlement of claim'-' 
do not gnntly djfT^*r in tlic two departments 
In hiiiglary hii^in<*ss. howc\er, there are special 
hazards whicli director-' and managers are .some 
time.> called upon to cfinsider, such as the in- 
surance of jewellers' shops and other Inisine.ss 
ri'^ks where grinds of considerable value in small 
bulk are scored. 

Tlic moial liazaid, too, in this particular 
department of insurance is greater than in an\ 
other branch, and the ccunpanies accepting 
risks have to exercise considerable discretion 
in their selection if profitable underwTiting is t(/ 
be the result. A cautious manager wall no doubt 
be able to accomplish this, nut, on the other 

4852 


hand, a responaihle official of loo sanguine tern- 
}>erament may, by expensive management and 
the ivccoptance of doubtful risks, bring his com- 
pany into such a position that amalgamation w ith 
a stronger office becomes an absolute necessity. 

Employers* Liability. The Workmen’s 
(''ompensation Act of 1897 gave an iramenst* 
imp(*tus to this class of business. It is now 
the law' of the land that an employer is 
liable for accidents caused by his machinery 
whether he was to blame or no; and w'orkmen 
ai^e entitled to compensation for any accident 
they may sustain while in their master's employ, 
provided no gross negligenee can he proved 
against the w'orker. 

After a period of a great d(*al of rate- 
cutting, during w'hich quite a number of small 
accident companies collapsed, a fair basis 
for rating risks has been somewhat generally 
agreed upon. It is mueh to he hoped that 
a still closer bond of union will prevail among 
employers' liability companies. The business 
])romises to he almost as great as that of tiro 
insurance .some day, as the tendeney is for 
k'gislation to bring more and more kinds of 
oeeupation within the scopt* of tlie existing 
Aets. M the pn*sent time certain amendments 
to include domestic servants and others are 
unde.* consideration 

It will be the aim of a clerk to learn the 
various classes of hazard to which people of all 
ranks — especially w'orkmen — are liable. As tlie 
tire insurance clerk will visit as many mills and 
factories as possible for the purpose of deciding 
for himself what are the risks of fire, .so the 
employers' liability man will endeavour by the 
same means to estimate the risks to life and 
limb W’hich are likely to result from the use 
of maehin(*ry and chemicals. Some s|K‘cimen 
examination questions are subjoined which will 
suggc^t a few* of the consideiations to he 
reckoned with in the de]>ar1m(‘nts of Personal 
Accident and Employers' Liability Insurance. 

1. State what general principles you w'ould 
lay down for dividing oeeupations into three 
classes for jiersonal iw'oident ins.iranee. 

2. Assuming proposers described tln'inscdves 
as under-mentioned, what further information 
(if any) w'ould you ask for before classifying the 
ri.sks : master baker, licensed victualler, farmer, 
builder, accountant, cattle salesman ? 

(iive reasons w'hy most a^'cident companies 
refuse to grant personal accidi'nt policies to 
jo^’key.s, .steeplejacks, divers, coal miners, quarr}'- 
m“n, experim"*nting chemists, etc., even though 
the per.son.s engaged in such occupations Ik* 
willing to pay a higher premium than that charged 
( 'lass 111. risks. 

4. (a) Under the E.L. Act, 1880. a workman 
is defined as “ a railway servant, and any |K‘r8oii 
to whom the Employers Workmen Act, 1875, 
applies.*’ What is the definition of a W’orknian 
given by the last-named .\ct ? 

{h) What is the definition of a workman 
given by the 1897 Act ? 

,5. Within w'hat time must notice of an accident 
he given to entitle the claimant to compensation : 

(a) Under the E.L. Act, 1880 ? 



(6) Under tlie Workmen’s Compensation Act, 
1807 ? 

6. What particular circumstances must be 
present in any particular job to bring a builder 
under the Act of 1897 ? 

MARINE INSURANCE 

The student will find that as in fire so in 
marine insurance there are radical differences 
in the governing principles from those that 
were brought to his notice in life insurance. 
Briefly put, marine insurance is a contract by 
which the insuring company, or underwriters, as 
they are often called, undertake, in consideration 
of a certain premium, to indemnify the insured 
against any loss or damage from some specified 
risks. In a life assurance contract, if it be con- 
tinued, a payment by the insurer must be made 
eventually, but this is not the case in marine 
insurance. If, however, an element of certainty 
V>e absent, the shrewdness and practical experi- 
ence brought to bear by underwriters and marine 
company officials upon statistics covering a long 
period of years result in the fixing of reasonable 
rates for the different classes of risk. When it in 
remembered how greatly concerned w ith shipping 
our country is, the importance of marine insur- 
ance must be apparent. If, further, we reflect 
that our oversea commerce is world-wide, and 
that a loss may occur in any part of the globe, 
it will l^e Ht‘en how' necessary it is that a large 
mutual trust must be shown by all the parties 
concerned. In this connection the reputation of 
Lloyd’s for prompt and honourable dealing has 
proved of great influence ; and as their name has 
now liecome synonymous w ith maritime business, 
this influence is felt all over the world. 

History of Lloyd’s. A coffee-house 
which was kept by Edward Lloyd, in the latter 
part of the seventeenth century was greatly in 
favour with seafaring men, partly, perhaps, on 
account of its locality and partly, no doubt, by 
reason of the enterprise of its proprietor. A 
considerable amount of business used to be 
transacted in coffee-houses, and in the case of 
Lloyd’s this became mostly assexiated with 
shipping. Public sales of ships often took place 
at his tavern, and he instigated a far-reaching 
system of correspondence at ports in this 
country and abroad, by which means he was 
supplied, for the benefit of his customers, with 
news of the movements of vessels, and with other 
maritime information. In time, as one result of 
this devotion to shipping interests, Lloyd's 
cofft'e-house becamv^ the headquarters of marine 
insurance business, then carried on solely by 
private underwriters. Soon, enlarged premises 
were needed, and in 1774 Lloyd’s, which by that 
date had become an association of underwriters 
governed by fixed rules, l>ecame pennanently 
established at the Royal Exchange. The influence 
exerted by Lloyd’s is not confined to marine 
insurance. In early times wager policies,” 
since prohibited by law, w'ere effected, and 
recently the protection of bank deposits, such 
contingencies as the birth of twins, the scratching 
of a racehorse, th^ alteration of the income tax, 
have been insured. Fire risks are also under- 
taken, generally after considering the rate asked 


INSURANOK 

by the tariff offices. Even life insurances for 
short periods only are accepted, although it is 
doubtful as to the legality of members of Lloyd’s 
so doing ; but the insurance business done at 
Lloyd’s apart from marine risks is very small 
as compared with maritime insurance. 

Principles of Underwriting. The parties 
to a marine insurance contract have already 
been mentioned. The services of a broker are, as 
a rule, employed to bring the insuring company 
and insurer together. Underwriters at Lloyd’s 
carry on business in their own individual inter- 
ests, and with their own capital. No responsi- 
bility for their engagements rests upon the 
corporation. The risk in a case is undertaken 
by several memljcrs, each becoming liable for 
such portions as he sees fit to take up. Brokers 
effect insurances with the underwriters, either 
on their owm account or for third parties. As a 
ruk‘, the rates at Lloyd's are rather cheaper than 
those of the marine insurance companies, liecause 
the expense of conducting business at Lloyd’s is 
very low. Tw^o of the oldest companies, incor- 
porated with peculiar privileges in 1720, are the 
London Assurance C’orporation and the Royal 
Exchange Assurance Corporation. These, with 
Lloyd’s, long enjoyed a mono7X)ly of marine 
insurance, but the vast e\j)ansion of our sea- 
going commerce has justified the appearance of 
many later companies, some of which contrive 
to do a large and profitable business. 

The Policy. A clerk w’lll soon make him.self 
familiar with the u.sual form of policy, which ift 
based upon that adopted by Lloyd's, the latter 
being at one time used almost exclusively. There 
are several classes T)f polir}^ Among these mav l>e 
stated voyage policies and time policies, in which 
property is respectively insured for transmission 
from one point to another, or for a certain period 
of time not exceeding tw'elvc montlts ; valued 
policies, where the amount at which the object 
insured is valued is definitely mentioned ; open 
policies, where there is no such declaration, and 
in the event of a claim the burden of proof of 
value will rest on the insured. Floating and 
named policies are also in contrast, the latter 
containing the name of the vessel on which the 
risk is taken, the former furnishing no such name, 
and thus enabling an owmer to obtain jirotcction 
in the event of a loss occurring before he knows 
what vessel or vessels may carry goods shipjx'd 
at a distant port. When in a position to do so, 
and within a cerbiin time, he must, however, 
declare the name of the vessel or vessels. 

The Policy in Detail. Tlie wording of 
a policy w^ill call for careful seiutiriy by the 
student, since the fact that it adlieres so laigely 
to the language of a tiipe long jmst, very 
different from our owm, makes the settlement of 
complicated cases the more arduous a task. 
Tliis, however, it should lie said, throws into 
bolder relief the honourable spirit in which the 
principles of underwriting are conceived and 
invariably carried out. 

Many of the words in the policy will be quitv‘ 
unknowm to the beginner, and nearly every 
phrase will require studj^, and possibly explana- 
tion, in order to be thoroughly understood. 
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^ Adinentures and Perils,'’ for instance^ refer to 
perils of the sea,’’ the definition of which has 
l>een the subject ol much judicial consideration. 
They do not include every accident liable to occur 
on a voyage, nor do they include every dama^ 
actually caused by the ^a itself, since there is 
damage that is inevitable rather than accidental. 

Last or not lost * is one of the old expressions, 
and is usually inserteil in the case of insurance 
l»eing effected while the vessel is at sea, the under- 
>\riter m'cepting the risk, no matter what may 
the eondition of the gmxls or sliip at the time. 
I'lie a(Iot)tion of this clause, of course, presumes 
the good faith of Iwth parties, for the assurer 
could not avail himself of the policy if he 
knev at the time of insurance that a loss had 
\>ccurivd. and the underwriter did not ; nor 
could the underwriter retain the premium if 
he knew, and the insurer was ignorant, that 
the risk wa.s then actually at an end. 

The little words “ at and from.” which prtvedt* 
the description of the voyage, have considerable 
importance, and in ordf^r to fully apprehend their 
meaning, whether in regaid to the ship or to 
freight and cargo, a kiiowknlge of mercantile 
law. so far as it applies to marine insurance, is 
n(*i*essarv. The same caution must l)e observed 
witli referemx to unusual words in the policy or 
memorandum, a safe interpretation of which can 
in* v(‘ntured onl}’ with the aid of the law. 

The yoyage in st l>e made in the proj)er course, 
as agreed by custom, from the poi t of departure 
t(- that of arrival. Deviation is permissible in 
’Special circunistaiiee^. such a.s to save human 
life, or to gain .'^afety for the ^hip, and is pro- 
\idod for by a elHU^e in the policy, and covered 
at a premium to Ik* settled. 

The term jettmm luean^ to throw cargo over- 
hoard, with a view to lighten the vessel in an 
emergenev. and gel lier out of danger. Loss to 
tIk* underwriter not generally ensue in 

of any cargo other than that carried 
under deck, unle.s.N the custom of the particular 
trade warrant it. The jettison must be performed 
in gmxl faith, under real danger, otherwise the 
Ifiss would be avoided by the underwriter, and 
the act come under the detinition of barratry. 

Til i*. means all wrong or illegal conduct against 
and to the injury of owners by master or 
mariners, even if clone with no intention to 
injure them, or iKmefil ma.^ter or mariners. 

Losses. are of two kinds — partial, 

when thesuhjecM iii.sureci iv Imt partially damaged 
"1 an obligation to contribute to general average 
hav arise*!! ; and total, where the ^ul)je(•t is wholly 
de-i roved, or so damaged n> to ju>tify abandon- 
ment. Total los.se^^ are, again, di\ ided into actual 
^.nd eonstriietive. The former takes place when 
tlic subject of the invurancf* i^ destroyed or m 
damaged as to Vx'conie vajueles'*. or jiractically 
-<». or where the insured i" irreti ievablv deprived 
of it. 

tVaistructie e total loss oecuis wliere. although 
the subject is ^till in existencf*. it ha.s suffered 
irivparable damage, or is in such a ]»osition as to 
Ik' out of control of the as.siin*d r>r his representa- 
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tive«. Osses in point would be a vewtel, perhap* 
quite sound, stranded on a desert coast, with no 
ap^ianoee for getting her off, or so damamd 
that the cost of repair would exceed her vwue 
when repaired , In such oases the owners would 
give notice of afeande»«?6nf to the underwriters, 
thereby formally giiing to them whatever may 
be left of the commodity to set against their 
pa 3 nment of the claim. When a vessel meets with 
damage not too serious, if repaired, to enable her 
to proceed on her voyage, the captain may havi* 
to raise money to carry out the repairs. 

Batknnry consists in pledging the ship, or the 
ship, freight, and (*argo, as security for the 
amount obtaimxl. which i.s to Ih' repaid when the 
vessel reaches her destination. Should furthei* 
disaster overtake the vessel, nwessitating a new 
loan for repairs, the bust bond has the prior claim ; 
while, should a ship lx* lost subsecjuent to the 
giving of the bond, the lender loses his money. 
This naturally makes the interest on premium 
for lx!ttomrv very higli. 

Referenct* has already lK'(‘n made to general 
average. This arises where a voluntary sacritice 
is niad(‘ of the interests of oni* or more parties 
for the Inmetit of all. When the loss is not 
sufferc'd for the general lx‘nefit. the term 
fmrtindar a rerage is employed. A little thought 
will show that the distinction between the.se is 
no easy mattiT. and this, and indeed the* whole 
question of loss, calls for a great degree of 
technical knowledge, in addition to (‘Xperience 
and ability. The adjustment of lo.ss. under a 
claim, to the merchant, shipowner, and under- 
writer respectively is entrusted to men of cxfKTt 
knowledge known as average adjusters or a vtTage 
st atei'K, assisted by surveyors. I'he result is 
embodied in a dcx'ument drawn up by the 
adju.ster. and called the a rerage dntemerd. 

An Insurance Clerk’s Career. A jiro- 
mising junior can now see that there is enough 
in marine insurance* to demand the exercise* of 
all his talent. It will take a lifetime to ae*ejuire 
ail the knowledge nece*s.sarv to make* a fir.>t- 
class cx|XTt. Ry diligence anel enthusiasm in 
his work he should, however, lie a valuable 
clerk in the* course* of a few years, and may heijic 
semie day to Ixjcome an underwriter at Lloyd' v, 
trusted by a numlxT of well-to-do men with the- 
u«e of their names as guarantors in (‘onne*ction 
with most of the risks which he caivs to accept ; 
ew, he may eventually .Hccun- a position as under- 
wTite*r to one of the* gre*nt in.surance* companie**-, 
and have decisions to make re*garding risks that 
may run to millions of pounds in a year. Te) .sum 
up the whole, each junior must make himself 
well acquainted with e\ery clause in a marine* 
insurance policy, with the names eif all the ho}lt*^ 
in the great steamshifi line-s, and have a gt*ne*ral 
idea as to which class e>f .ship any one* boat 
belongs on hearing be*!* name* and tonnage* 
mentioned. He* must train to lx*come exj>ert in 
the settlernenl of c*laims. and ge*t familiar with 
the* prineipl(*s which unde*rlie the troatme*nt of 
the great variety of risks which are continually 
ceiming up feu* consideration. 
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Where birds intended for breeding are 
selected from the chickens of the year, they 
should always possess certain leading 
features, those which are most perfectly 
fixed. Given this much, the breeder can 
proceed from year to year with greater 
confidence towards the fixation of points 
w^iich are less perfectly fixed. Let us add, 
however, that although a point may be 
fixed, it may still be imix?rfect, as the rose 
comb in the Hamburgh [10], the single 
comb in the Cochin, and the pea comb in 
the Brahma [11]. Size and form are con- 
stantly found defective in the very best 
flocks ; hence the necessity in selecting 
breeding stock of rejecting specimens which 
are too large, too small, or unsymmetrical. 
Where birds are carefully mated from year 
to year the chickens bred will systemati- 
cally improve, the numlier of good speci- 
mens will increase, and the number of 
inferior specimens decrease. Thus the 
breeder is enabled, with time on his side. 


Let us, however, take an example from a to make his selections for breeding purposes 

self-coloured bird, one which, in fact, possesses confident of achieving success, 

no marking on the plumage, such as the Varieties Obtained by Crossing. The 
Buft Gochin. This is a bird which for majority of the existing varieties of fancy poultry 

the purposes of exhibition must be large — have been produced by crossing, and, the points 

size being a great point —abundantly feathered they possess being fixed, they are now recog- 

to the tip of the middle toe, crested with a nised as pure in blood. The Plymouth Rock [12], 

single comb, and coloured throughout the Wyandotte [13], and the Orpington 

the whole of the plumage— although the ^ [14] are cases in point. The first-named 

tail is usually very faulty— with a introduced into this country from 

mellow lemon Imfl tint, th(‘ pointed and America over thirty years ago‘ while 

glossy male feathers of the cock being the latter are much lattu* productions, 

more" brilliant than the remainder of Some breeders, not content with the 

his plumage and than that of the points of certain breeds, have attempted 

plumage of the hen. with some success to fix others upon 

We mav first regard the minor points, 15. la FLkCHB them, and it w ould not be surprising 

which include the comb and the yellow horned comb if a-n ingenious person were to introduce 

legs, as being tixcd, often found alike in the two-homed comb [15] of the French 

good and bad specimens, and yet it is essential 
that the comb should be symmetrical. Given 
those characteristics, the breeder will take the 
precaution to select his breeding stock for their 
size and form, choosing specimens which are as 
heavily feathered and as perfectly coloured as 
possible. Tf large prices are paid, sjicciUieiis 
w'hich are excellent in all these points may be 
obtained, but there are few persons who can 
begin in this extravagant w ay. 

Selection of the Fittest. Having, then, 
secured size and feather, future selection for 
breeding purposes will be made from the best 
coloured specimens, and here again it becomes 
highly essential that the beginner should 
ascertain precisely what tint is demanded by 
the fashion of the day, and what to reject. 

The variations are so great that it will at all 
times Ix^ found difficult to maintain the point 
of colour, especially as with each moult the 
hens more or less change the shade of their 
plumage, for which reason it becomes most 
difficult to know how to select mature birds. 

It should be needless to add that under all 
conditions sjiecimens which are not in robust 
health, and which do not indeed possess lusty 

constitutions, should be rejected as useless. 16 . black minorcas 
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and a single comb, were ««elected for the attempt. 
The Fl^che [18J, a larger bird, also possesses black 
plumage and a large white car. By crossing 
the two breeds, mating the male of the French 
with the females of the English breed, for the 
reason that the prepotency of the male is greater 
in regard to fancy points like the comb, some 
success would be achieved in the first season. 
The pullets — the young females — produced by 
the union which were the largest in size and 
which possessed the comb of the Fleche most 
nearly perfect would be mated with a Fleche 
cock, and in the second year the breeder 
might confidently expect to obtain a numl)er of 
specimens with almost perfectly formc'd two- 
horned combs. 



How Sire is Secured. H<‘re it may be 
observed that, owing to fhe fact that the female 
exerts the greatest influence upon size, it would 
l)e necessary to pay special at- 
tention to this feature. Pullets 
l)eing selected from the cross, and 
these being bred from hens of the 
smaller breed, the Minorca would 
probably have lost size, so that 
if great size were desired it 
would become essential to fix it 
by making further selections from 
year to year with the object of 
acquiring it on similar lines to 
those adopted in the production 
of a comb. If size were not re- "***"■ 

quired, the breeder would pro- \|l^ * 

bably find it possible in the third Ua&VilW- 
year to select both male and 
icrnalc Minorcas with perfectly ' • 
formed white ears of the charac- 
teristic shape and the comb of the f 

Fleche for exhibition purposes. The experi- 
ment might be equally made wfith the wliite- 
cared Black Hamburgh 
fl71, or even with the 
larger Langshan [19J and 
the smaller Black Leghorn, 
notwithstanding that in 
these two cases great(‘r 
dilficulties would 
present themselves ^^BL 

to the fact ^B^ 
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17. BLACK HAMBCROHS 

that the Langshan is not a bird with a white 
ear, and that in every respect but plumage it 
is dissimilar to the Fleche. 

There are many breeders who 
maintain two strains of birds of 
one particular variety in order 
that they may with greater con- 
fidence and facility obtain speci- 
mens for crossing. But where 
this IS not the case, and where n 
^B^^B breeder owning a successful flock 
sells eggs or birds to others, he 
may l)e able, if he keep a care- 
B^ fill record of his sales, to select 

If from the yards of one of his 

* customers a specimen for crossing 

purposes, should lie require it, 
great advantage to himself. 
In the breeding of stock of all 
" kinds it has been the practice of 
NIE HEN some to mate brothers and sisters, 

although the plan is not one which can be 
recommended, for both sexes contain the blood 
of both parents. If for no other reason, it 
IS safer to mate parent with offspring when 
the object is to secure qualifications wdiich 
cannot be obtained in any other w’ay. 

Breeders, how^ever, arc often compelled to 
adopt practices which .‘iie contrary to the view^ 
they hold, and to which they would give expres- 
sion if they w^ere able, for the leason that it is 
ott(*n difficult, if not impossible, to obtain what is 
really needed. In the production of 
Bantams, for instance, it has been 

P necessary to use material of the 
poorest description because notliing 
better was obtainable. In such a 
case in -breeding or cross-breeding 
would have l3een much more satis- 
factory ; but .1 beginning lias to 
be made, and then the mating 
^ of parents with offspring follows 

/ as a natural result, for essential 

features can often bc‘ fixed in no 
oth?r way. Th' reader might also 
^ ^ refer to the remarks wdiich We ha\e 

made on the produi tion of' the 
Silver-pencilled Hamburgh, which 
is another case in point. 
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By ANTOINETTE MEELBOOM 


\Y7IRE shapes are more used than anything else 
^ for foundations of hats, toques, and bonnets. 
They are light and can be made in the most 
elaborate of shapes, besides being the only suit- 
able foundation for transparent materials. The 
wire must be nij)j)ed without rubbing the thin 
silk filaments of wire, or th(i shape will be spoilt 
[56, 57 and 58]. It should be placed between 
the nippers and cut sharply and firmly. To 
smooth or straighten wire it should be rubbed 
round the knee or the rounded leg of a table. 

Edge wire is much the firmest to use for 
headline and edge. It is not so easily procured 
retail as the support wire, which, if necessary, 
may be used for the wiiole shape. Support wire 
can be had in any colour and shad^ for trans- 
parent hats and toques, as it is (‘ssential that 
the foundation shape should match the covering 
and trimmings. 

Some points to b rc'membered in wire shape- 
making are these : (1) The wire must be lightly 
handled, firmly fixed, and not twisted ; (2) 

each part of the shape should be well defined 
by the position of the wires ; (3) round wires 
are placed underneath the support wires, and 
the tw'O firmly fixed where they cross each other 
with mounting wire or cotton [59] ; (4) the 

outer edge of either hat, toque, or bonnet shape 
must be a continuous wire — if joined or broken, 
the 8ha])e is less firm ; (5) leave no great spaces 
between the wires ; (0) avoid breaking the thin 
silk filament of the wire and leave no sharp 
edges ; (7) unnecessary w ires only increase the 
weight of the shape, 

MaKing Hat Shapes, Cut off a piece of 
wire the length of headline, plus 2 in. for 
turnings. Join in a circle, overlapping the 
wire for 2 in., and bind with mount ing^wire or 
strong (No. 10) cotton [60a]. Cut off a jiieee of 
wire the length of the circumference of brim, 
plus 2 in. for turnings. Join in a ring and fix 
as before [60b]. These are the two principal 
round wires, and are made of the thicker wire, 
called “edge wire.” Where the wires are joined 
is the centre-hack of shape. Divide the headline 
wire in half and quarters for hat and toque 
shapes [60a]. 

Cut off a piece of support wire the size of the 
circumference tip plus 2 in. ; join it in a round, 
and fix as before [69k]. Next cut off the 
support wires. Take the ring of w ire in the left 
hand, holding the nippers in the right. Measure 
from the ring and bend at the length of front 
brim, plus 2 in., with the nippers ; bend again 
at height of sideband, and again at length of 
tip front to back. Bend downwards the length 
of back of sideband, and again at the length 
of back brim, plus 2 in. [62 and 59, a-b]. 
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The 2 in. left at each end is to allow for turning 
over the headline wire [53] and for nipping 
over the edge wire [58b]. 

The side to side wire [59, c-d] and the 
diagonal wires, right side front to loft side 
ba^‘k, are done in the same way. Then take the 
left side front to right side back [59, e-f and g-h]. 

When the measurements are very varied it 
is better to nip the support wires to the headline 
as they are cut off to prevent their becoming 
mixed. Hold the headline wire with the left 
hand, place the first bend of the centre support 
imder the centre part of the headline. Then, 
holding the shape near the headline, bend over the 
support wire and press in place with the nippers. 
It is quite firm enough if turned round once. Do 
not rough the silk filament of the wire. 

Repeat nipping in the same way for th^* 
centre-back, side, and diagonal support wires. 
Tie all the wires in centre of tip w'ith mounting 
wire or strong cotton [61]. Place the wire 
round the circumference of tip wuth the join at 
the back andcr the support wire, and tie wherever 
they cross [59k]. 

Measure again the exact measurement of brim, 
front, back, sides, and diagonals, bending up 
the wire sharply at the measurement. Nip cm 
to the edge wire (in a shape which has both sides 
alike, the halves and quarters may be marited), 
nipping over the support wires once right 
round. Press firmly, and cut off any piece left 
quite close [58b]. One, two, or more round 
wires, according to the size of shape, are tied 
to the support wires wherever they cross [59j]. 

Dome-shaped crowns are made in the same 
way, except that there is only one measurement 
from headline front to back [63]. 

In the toque shapes, coronets of bonnets, and 
brims that turn up very much all round, the edge 
wire is usually smaller on one side to allow the 
support wires to curve up [64 and 65]. Coronets 
are shaped brims standing out either round the 
front, side, or back of bonnets [ 66 and 70]. When 
a crown is much larger than the headline, the 
brim is made separately from it ; and for extra 
strength it has two headlines with about 1 in. 
between thorn for sideband [68]. The crown 
should be made separately, and a much larger 
headline and circumference of tip will be required. 
Support wire must be used [67]. 

Some toque shapes with no crowns have 
wires stretched across from front to back, side 
to side, and diagonally [69 a & b]. In this case 
the double headline is also required. 

Making a Bonnet. Measurements for 
bonnet shapes are taken in this order ; 

Outside edge all round, noting size of front 
and back, ear to ear. 
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Centre-front to centre-back, noting depth of 
coronet in front, and, if a croA\ii, depth of side- 
band. 

Side to side, noting depth of coronet. 

Diagonals, noting depth of coronet in front. 

Length of crown. 

Width and depth of crown. 

Round wires. 

Coronet wires. ' 

Width between wires round edge. 

For the making, cut off a length of edge 
wire the first measurement, plus 2 in. for turn- 
ings. Join it, keeping the join as the centre- 
back. ^Fark the centre-front with cotton, and 
measure half the front measurement on each 
sid^. Then bend the remaining measurement, 
which should be the same as from ear to ear. 
]f possible, the bonnet should be fitted to see 
that the shajH* at back meets the hair, and that 
the front effect is becoming. 

('^ut off the middle support as previously (‘X- 
plained for hats. Jn the case of a F)onnet with 
coronet, l:)end the pu'cc measuring the coronet, 
plus 2 in. for turnings. Proceed with the side 
and diagonal wires m the same way, nipping 
them at the back to the edge wire. Tie the suj)- 
ports in the centre. The coronet wire is nipped 
on last ; it is also made of edge wire, bent into 
curves or points as required Tueii tie on the 
round wire, nipping it at the back to edge wire. 

Ail wire shapes must be covered with tulh', net 
or chiffon, to take away the hardness of the wire, 
and to have a foundation on which to sew the 
trimmings. If the foundation is meant for fui* or 
velvet, leno is better, in which case each part is 
cut to shape [66]. The edge should be bound 
with mull or sarcenet. 

To cover shapes with net or chiffon, take a 
])iecc of chiffon, run it along thq edge on the out- 
side, “ easing ” it on slightly. Out it up at each 
support wire, pull the chiffon through at the 
headline, so that it comes outside, and gather it 
at centre of tip. Fasten it securely and cut off 
all turnings |73]. 

Some bonnet shapes can be covered with the 
net in one piece. In this case, place the net in 
the centre of crown, and smooth over the shape 
with as small pleats as possible. Bind the edge 
with a crossway piece of velvet, silk, or mull [72]. 

All bonnets have a velvet fold round the head- 
line, either a crossway piece of velvet, folded 
double, sewn in before the head lining, or a rou- 
leau, which is sewn in after the bonnet has been 
lined This velvet bind is necessary to help the 
bonnet to set comfortably, to prevent it from 
slipping, l)esides keeping the wires from pr(*shing 
on the head [71] 

The shape of individual heads, the manner of 
dressing the hair, and the shapes of bonnets 
vary so much that it is almost impossible to 
judge whether a bonnet will be a good fit or 
no without trying it on the wearer. If it is 
found that the bonnet does not reach far enough 
to cover the sides of the head, note where the 
headline is situated. It is equally possible that 
the depth or width of the crown itself may 
require enlarging. 



HOW 

|Fi;;iik*s 56 - 73 ] 

The headline should sit quite firmly on the 
head, and have no tendency to slip. In mak- 
ing up, care should be taken that no very thick 
part ol the trimming or lining should fill up the 
head s})ace, and thus make the bonnet too 
small. 

When the trimming requires to be fold(‘d in 
the line of head, as in a close-fitting shape, 
allowance for this should be made when making 
the shape. 

Wire shapes to be covered and trimnu'd w ith net, 
or such mateiials as chiffon, lace, or foliage, an* 
covered with double tulle or net. Floial toipH's 
have the sliap* made of green tubing, slipped on 
green support wan*. Tinsel w ire is occasnonally 
used as a foundation for lace or chenille, 
(^hcnille, fine braids, and cords, viuy narrow' 
ribbon, narrow strijis of tulle or chiffon, are all 
used over wire shapes, laced closely over and 
under the support wfire. When these are used 
in a lattice pattern as trimming theie is no need 
first to cover the shape with tulle or net. 

Another way of making a wire shape is over 
a buckram or straw' shape, but as it is liable to lx* 
larger than the pattern shape, it is only used in a 
few' cases. 


Continued 
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HEALTH BOYS AND GIRLS AT SCHOOL 

16 The Model School. Exercise and Rest Care of the Eyes and 

Continued from Teeth. The Importance of Good Food and Warm Clothing^ 
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By Dr. A. T. SCHOFIELD 


* A CHILD of three has a brain six -sevenths of 
full size, and a child of twelve one nine- 
tenths of full siz'', the full weight l)eing reached 
at fourteen. After this period it is a question in 
the brain of development rather than of growth. 
With the body it is not so. It continues to 
increase in actual size till 18, and the lower limbs 
till 21, after which growth ceases. 

Turning now to school life, we come to 
matters of great importance with regard to 
construction. The school itself should be open 
to the air and sun. The total area on one floor, 
including school and playground, should have a 
minimum of five square yards to each child. 
The basement (if any) should have a concrete 
floor covered with wood blocks. The school is 
best if of one or two storeys only. 

The School-house, A central hall is 
good, acting as a reservoir of warm, fresh air for 
the class-rooms which open into it. There should 
be no skylights an ^ no point of the room from 
v'hi(‘h some bit of sky cannot be seen ; other- 
wise it is not efficiently lighted. 

The light should be on the left of the 
scholars, and the window^ spac(‘ should be one- 
fifth of the floor area, and never less than one- 
sixth. The windows should measure 4 ft. fl in. 
from the sill to the top. The floor should allow 
10 sq. ft. for each child and the lieighf of the 
room should lie 14 ft. Secondary schools should 
allow IT) 8([. ft. for each child. Each seat should 
be 24 in. to 2fl in. wide, and the desks should be 
at an angle of 40 deg. for reading and 10 deg. 
with the horizontal for writing. The seats 
should be such a height that the child’s feet 
can rest flat on the floor, the thighs well sup- 
ported, the back of the seat pressing below the 
shoulder blades so that when the arm rests 
on the desk the shoulders arc not pushed up, 
and the desk should overhang the seat 1 in. or 
2 in. There should be four sizes in a large 
school. 

A desk round the wall, 3 ft. 6 in. high, is an 
advantage. All corridors should be at least 
5 ft. wide. The ceilings should bo white and 
the walls tinted. There should l)e a cloak- 
room for every 150 scholars, with entrance and 
exit doors, to hold coats, shoes, umbrellas, hats, 
etc., and there should be hot air to dry the 
clothes. The air in schools should be changed 
ten times an hour ; but this is impossible in our 
climate unless the incoming air 1)6 heated. Five 
hundred children produce 20 lb. of solid carbon 
in the form of gas every hour by breathing. 

Dormitories should never be entered during 
the day : they should be open, and not cubicles. 
Five hundred cubic feet should be allowed for 
each child, and a separate tow'el, brush and 
comb provided. 
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Nearly all schools have too little air space. 
The Education Act requires only 80 cubic ft. of 
air space for each child, bat the London School 
Board allows 130. There should be (without 
heated air) 300 cubic ft. to 500 cubic ft. with a 
minimum of 250 cubic ft. Closets should be 
provided at the rate of 15 per cent, for girls, and 
10 per cent, for boys, with 5 per cent, urinals. 
There should be a covered way and a special 
attendant. 

Some Dangers of School Life. With 
regard to school life some points may be noted. 
Ninety per cent, of the ^ases of spinal curvature 
are produced at this time, due to the rapid 
growth of the spine and the bad position adopted. 
Short sight is also common, and a chief factor 
in both is the carelessness of the teachers. The 
points are : 

(1) Want of proper supervision as to attitude. 

(2) Want of proper light to the left of scholars. 

(3) Badly constructed and unsuitable desks. 

(4) Wrong height of seats according to age. 

(5) Slanting desks and curving position of 
back. 

(6) Slanting writing w'ith copy-book to right 
instead of in front of scholar, and consequent 
twisting of spine and neck, w ith the left shoulder 
raised and the right dropped. 

Out of 3,600 children examined, 1,500 w'ere 
discovered to have defective sight or bearing, 
and many of these were labelled dull or in- 
attentive simply because they could not see or 
hear, and they were too shy to say so. 

If any child is seen w^hen reading to hold a 
book less than a foot from its face, or in writing 
to have the head nearer than 15 in. to the copy- 
book an oculist should be seen. 

A child should lie sent home if it has a swollen 
face, bad sore throat, a sneezing cold, itching 
skin, ringworm, ophthalmia, or any form of 
sore eyes, or chorea (St. Vitus Dance). 

Over-pressure in School Life. Under 
12 years of age there should be no night w^ork 
after seven ; over 12, none after nine. Over 
])ressure is caused in school life by under- 
feeding, over-study, working during convales- 
cence, night lessons, too little exercise, com- 
petitive examination, bad air. 

The first is a common cause. Children 
should eat as much plain food as they can at 
regular meal times. No parent can judge how 
much they really require. 

After an acute illness children are often 
very bright and quick, and hence return to 
school before they are strong. Competitive 
examinations are a common cause of fatal 
breakdowns. Ordinary examinations are not 
injurious ; it is the competition that finds out 
the weak ones. 
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Tho signs of over- pressure are loss of sleep, 
irritable temper, intolerance to light and sound, 
a twitching of the forehead horizontally, vomit- 
ing (when not after meals) and headaches. Should 
any two of these signs appear, a skilled doctor 
should at once be consulted. 

We have already considered the importance 
of exercise, although it is a remarkable fact that 
many of those who excel in gymnastics are found 
to have overstrained the heart. Drill is valu- 
able for boys and girls, and gives a good figure, 
while gymnastics, unless properly directed, 
almost invariably produces rounded shoulders. 

(^hildren need regular and sufficient sleep. 
The hour of retiring to rest must be regular and 
early, and to ensure refreshing rest the bed- 
room should be cool and airy, and all active brain 
work should be stopped at least half an hour 
before bedtime. 

It is good for parents to keep life charts of 
their children. Every Christmas the weight, 
height, girth, and physical records of the year 
should be recorded. 

Children’s Dress. The clothing of all 
children should allow the freest motion of every 
limb and the full ac’tion of the lungs. It should be 
of uniform warmth, and should not leave any 
vital parts exposed. Unfortunately, this is too 
oft/en forgotten, and children are dressed in a 
fashion that their parents would not endure for 
a moment if applied to themselves. 

For all children, flannel next the skin, loose 
over the body, but well-fitting round ankles 
and arms, is a needed protection against disease 
caused by exposure, and money is well invested 
in good underclothing. 

For boys, flannel next the skin, then knicker- 
bockers and a blouse form an admirably healthy 
dress, which can be followed by a sailor’s suit 
later on. A straw hat or a cap, and a pair of 
strong, broad boots with low heels complete 
the outfit. 

Tire less buttoning up about the neck the 
better the chance of developing a well-formed 
chest. Tn cold weather, however, that part 
must be protected not by mufflers or comforters, 
but by the clothes, foi it cannot be too much 
insisted on that children require more warmth 
than adults, not less. 

There can be no doubt that a eombination 
flannel undergarment is the most comfortable 
and healthy arrangement. The IcgN especially 
should be protected in this way, and not left bare, 
or with a single cove^’ing of cotton. Over this, 
with girls, there should be a stout quilted bodice 
on which the lower garments can be buttoned, 
and then a plain dress over all. The' stockings, 
of course, are susj)cnded. A sailor costume 
is a capital one for girls, and very healthy. 

The Value of Woollen Clothing, The 
r('ason w’oollen clothing or flannel is so good 
is because it retains the heat of the body 
better than any other material, and isolates 
th(' body from changes in the surrounding 
temperature, w'hether of heat or cold. It 
also absorbs all superfluous moisture, and is 
lighter for its warmth than any other material. 
Fine flannel does not irriUto the skin, and 


children with the tenderest skin can get used to 
the stockingette flannel now so much \iscd, 
which, moreover, shrinks far less in washing 
than the ordinary kind. In our English climate 
especially, all the protection that flannel can 
give is needed, and it is far better to spend 
money in warm clothes than in large fires. The 
absurd practice of leaving the arms and legs 
bare in cold weather cannot he too strongly 
condemned. It has carried off hundreds to 
early graves, and predisposes children, and 
especially girls, to early consumption and many 
varieties of disease. It retards the circulation 
and digestion, lessens the vital heat, and is 
thtTcfore a cruel and pernii'ious practice. Warm, 
woollen stockings are invaluable, and woollen 
mittens tend greatly to keep the hands warm. 
Flannel night-dresses in winter are also very 
good. Light-coloured clothes arc cooler in sum- 
mer and warmer in wintxir than dark ; dark 
colours absorb heat from the sun in summer 
and from the body in winter. Nothing tight 
should be worn round a girl’s body, and, above 
all, no tight corsets or tight boots or collars or 
tajK's should lx‘ used. 

Naturally, girls have no marked waists, and 
to attempt to form one by forcibly compressing 
the lower ribs is a cruel practice. A well-fitting 
bodice is all that is needed for the figure. Uorsets 
on growing girls are a great evil in another way. 
They confine and restrain the growth of all 
the muscles of the back, and by thus seriously 
weakening it produce curved spines, round 
shoulders, and weak backs. No girl can have 
a graceful figure who has a flat or crooked biick. 
The true secret of a beautiful figure is in a strong 
spine and well-developed muscles. This gives 
a poise to the head and an easy carriage of the 
figure. A capital exercise to produce this is 
to t/(‘aeh girls to march about carrying a light 
vessel of water on the head without spilling it. 

Care of the Eyes. Cliildren’s eyes 
should be carefully watched, and no reading 
or sewing by twilight or by a bad light allowed. 
The proper position for reading is with the 
back to the light, which should fall full on 
the page. Near-sightedness is often caused by 
over study, bad print, and imperfect light. It 
is seldom found in children before their educa- 
tion begins, but often becomes rapidly developed 
atterwards. The desks are frequently badly 
placed for reading, the book being tar tt)0 low. 
The result of near-sightedness in children is 
generally a squint, which speedily tends to become 
worse, until at last, if neglected, the sight of one 
eye goes altogether. Any child that is sus})cctcd 
of being short sighted, or who squints, however 
little, should at once be fitted with suitable glasses. 

Another matter of great importance with 
children is their hearing. Their ears are a con- 
stant source of trouble. Beware of neglected 
colds in the head, as they often lay the foundation 
of permanent deafness. Omitting to dry the 
hair after washing it is a common cause of this. 
Deafness is a frequent result of measles or of 
scarlatina. It may also arise from a “ box ” 
on the ears, or from a constant discharge which 
has gradually eaten away the inside of the ear. 
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The Teeth, The care of the t-eeth is a 
matter of great importance to children. A 
child with bad teeth has a bad digestion, a poor 
appetite, and is in constant pain. From their 
earliest years children should be taught to brush 
their teeth with a soft brush, night and morning, 
with plain water or a little soap. Sweets and 
hot cakes are great enemies of good teeth ; 
so are nut^, penholders, and string. The Ameri- 
cans, who are very fond of sweet things, have 
the worst teeth and the best dentists. It is a 
great mistake to suppose the care of the milk 
teeth is of no importance. If tliey are lost 
early the jaw' contracts, and when the permanent 
teeth appear, they are too crowded, and soon 
decay in consequence. The first four permanent 
double teeth are peculiarly liable to decay, and 
should be examined early so that they may 
be saved in time. 

The hair should be kept short. This is im- 
portant for cleanliness and for the consequent 
avoidance of the many troublesome diseases 
that arc prone to affect the children’s heads. 
The hairbrush should be soft, but not too soft, 
and should be freely used This is of the greatest 
importance, not only to keep the hair in good 
order, but to keep it glossy. Constant brushing 
draws down the natural oil at the roots into the 
fibre of tlie hair, giving it a bright lustre. If 
the hair is very cr^sp and harsh, a little of the 
finest olive oiris the best pomade. Curl papers 
and curling tongs are both injurious, the latter 
especiall}^ As a girl grows up, the hair should be 
kept m a long, loose plait down the back, and 
not twisted on the head till absolutely necessaTy. 

A word about children's shoes. They sliould 
be shoes and not boots, for tw’O reasons. They 
give full freedom to the growth of the ankle 
joint instead of restraining it in stiff leather, 
and they do not stop the circulation, as boots too 
oft(‘n do, forming, as it were, garters round the 
ankle. 

Food. Leaving clothes, wc now come to a 
great requirement — good food. This is abso- 
lutely essential for proper growth. Few people 
are aw'aie that a growing boy of ten or tw^elve 
requiies as much food as a labourer through a 
long day’s work. Growth is not so much a 
matter of caprice as is generally thought. 

Tlie ordinary rule of gro^vth is that a child 
should increase 2 lb. in weight for every inch 
in height betw^ecn three and four feet, and 2^ lb. 
for every inch betw^een four and five feet. Height 
is dependent to a large extent on birth and sur- 
rounding.s, and is closely connected with weight. 
In these respects the more favoured classes have 
the advantage over the others to an enormous 
degree. The reasons are that they spring from 
taller and belter developed parents ; and they are 
better fed, less worked, and take more exercise — 
that is, leas indoor work and more game and 
field sports. 

The growing time is a very trying period for 
health and strength. A child should grow from 
two to three inches every year ; if it is much 
more or less it is suspicious. All sudden growth 
should l)e watched, and lessons relaxed, especially 


when there is increase in height without increase 
of weight, which often leads to extreme delicacy. 

Children, therefore, to grow well should be 
well fed. Of course, some are over-fed, but far 
more arc under-fed. Children do not require so 
much meat in proportion as adults, but an abun- 
dance of wholesome farinaceous food. They 
should not be fed on pastry and rich dishes, but 
should have plenty of bread, milk, eggs, and 
cereals (rice, barley, oatmeal, etc.) in every form. 
As a rule, a child should be allowed to eat as 
much as he will of plain, nourishing food. 

It is as cruel to compel a child always to 
clear his plate as it is at other times to refuse 
him more when he wants it. If you think the 
child is simply greedy, give him dry bread, but 
give him something. 

Again, children often have a hatred and some- 
times even a horror of certain articles of food. 
Fat, under-done meat, eggs, pork, liver, and other 
things are often hated by children, although 
a certain amount of fat or butter is desirable. In 
such cases it is unwise to press them beyond 
a certain point. Food eaten with aversion or 
under threats is pretty sure to disagree, and often, 
as we have seen, a child really know^s far better 
what is suited for him than the parent. 

Meals, (’hildren should not be allowed to 
go too long w'ithout food, especially in the middle 
of the day. It is a mistaken idea that sugar is 
bad for them ; it is, on the contrary, one of the 
most nourishing articles of diet, and, taken pure 
wnth food, is quite wholesome. But it is not so 
good taken in the form of sweets eaten at all 
hours of the day, and of more than doubtful 
composition. 

(%ildi'en should have three good meals a 
day, and the dinner should be taken early. 
All raw and starch foods should be very well 
masticated Watercress and lettuces are good. 

For drink, pure water at dinner ; at other 
meals, plain or flavoured with tea, coffee, cocoa, 
or milk as wished. One of the most cruel and 
thoughtless practices is to allow the child to 
task' malt liquors. They are not only bad for 
them, but too often form the first stepping-stone 
to a habit that tends to grow till jt is beyond 
all control. 

A child in good health should have a cold bath 
in the morning in summer, and a tepid one in 
winter. He should feel warm after it, and should 
not have it wdien very hot or very cold, or just 
after a meal. Cold baths should not be taken at 
night. Sea bathing is very good when the child 
comes out of the water warm. Timid children 
should never be forced to go into the sea. 

For w^ashing j^urposes a warm bath should be 
taken at night, a flannel rather than a sponge 
should be used, and plain curd soap. If this 
is followed by cold sponging the benefit is 
greatly increased, especially if a tablespoonful 
of salt has been first dissolved in water, say, a 
quart. There should be no dawdling ; the entire 
operation should be conducted smartly and 
briskly, the feet standing on cork or carpet, 
not on oilcloth. 
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By Professor R. 

'T'HE work of the slater consists in covering the 
framework of a roof with slates to form 
an incombustible and waterproof covering. The 
structure of the roof may be formed of wood 
or iron, or a combination of the two ; or it 
may be formed of iron in combination with 
concrete ; but it must be prepared in some 
way to receive the slating. In the case of a 
loof having timber rafters, the cheapest method 
of preparing the roof is to lay across the rafters 
at regular intervals sawn laths about 2 in. by 
1 in. to which the slates can be nailed ( 24 1. A 
roof formed in this way may be made perfectly 
watertight, but cannot be relied upon to keep 
out snow if accompanied by a driving wind ; 
the snow finds its way between the interstices 
of the slates and may settle on the ceiling or 
lloor below, thaw, and soak it with water. 

Preparing the Roof for Slating. A 

more satisfactory method of preparing a roof 
for slating is to cover the rafters with boarding, 
and to lay on this sheets of inodorous sarking 
felt or of three-ply Willesden paper, either of 
which are water and rot proof. The slates may 
be laid directly on this f25], or better still, sawn 
hiths may be laid as before to receive the slates 
[26], or where it is desired to keep the space 
immediately below the roof at a temperature 
as uniform as possible, 2 in. by 2 in. battens 
may be nailed above the felt, one directly above 
the back of each rafter, and the slatmg laths 
may be nailed to these [27]. This gives a con- 
siderable air space between the slates and 
boarding, and as air is a bad conductor of heat, 
this prevents rapid changes of temperature. It 
also allows any moisture due to the penetration 
of snow or wet resulting from brokim slates to 
run down the slope of the roof to the caves. 

Where roofs are formed with concrete, wood 
laths may be nailed to the concrete to receive 
the slates, or in order to avoid the use of any 
combustible material, fillets may be formed 
in the breeze concrete at the necessary intervals. 
The distance of the laths or fillets from each 
other wdll depend on the size of the slates used 
and the gauge at which they arc fixed. 

Slaters* Tools. All that are required are 
instruments for trimming the slates where required 
tor fixing, and for repairing them when necessary. 
The cutting iron |36] is simply along iron edge 
on which a slate to be trimmed is placed. The 
tool is formed with a couple of spikes at the 
back, so that it can be driven into a wood block 
or trestle, at a convenient working height. The 
zax [37] IS the tool used for trimming the slates ; 
it consists of a blade fixed in a wood handle, 
w ith which the slates are trimmed. 
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ELSEY SMITH 

In performing this operation the edge of the 
slate to be treated is rested on the cutting iron 
and allow’cd to overhang slightly, and the 
superfluous material is cut olf with a series 
of quick strokes. At the back of this tool is 
a projecting spike, with which a line is first 
drawai across the slate, marking the level 
of the nail holes, and afterw^ards the holes are 
perforated by two smart blows. 

Tools for Fixing Slates. In fixing slates 
the slater is provided with a deep belt with 
pockets slung round his waist to hold the nails. 
He has also a hammer [35] ; this has a broad 
head for driving nails, a spike at the further end 
for holing slates if necessary, and a claw at one 
side by which nails can bo withdrawn. The 
ripper [38) is a tool used in repairing roofs ; it 
consists of a long metal arm, fixed in a wooden 
handle at one end and provided at the other with 
a blade crossing it, and provided with a cutting 
edge at the back, which is also hollowed out on 
either side of the central arm. The tool is used 
thus : w hen a broken slate is to be dealt with, 
this tool is passed up below the slate and round 
the nail by which it is fixed and forcibly with- 
drawn, cutting off the nailhead so that the slate 
may be entirely removed. 

Sizes and Qualities of Slates. Slates 
are blasted in the quarries, the blocks sawn to 
convenient sizes, and then split and squared by 
hand and sorted int-o various divisions, according 
to size and 


THE CHIEF SIZES OF SLATES I\ ORDIVAIIY USE 


Name. 

Inches. 

Name, 

Inches. 

Impel lals 

:i0 by 24 

Viscountesses . 

IH hy 10 

Empi esses . . 

2b hy ir> 

Ladies . . 

10 by 10 

PniKC'^ses .. 

24 hy 14 

femall ladles 

14 by 8 

Duchesses 

24 hy 12 

Doubles . 

Vi hy 10 

Marchionesses 

22 hy 11 


or 7 


or 12 

Smalls . 

|any smaller 

Counteoses . . 

20 by 10 


size. 


A good slate should be bard and tough and 
give a metallic ring when struck, and should 
not split when trimmed or holed ; it should not 
absorb more than 1 per cent, of its weight in 
water. Its absorption may be tested by allowing 
it to stand half immersed in AvaU'r. If in twelve 
hours the water has been absorbed so as to 
reach nearly to the top of the slate it is not 
a suitable slate to use ; in a really good slate the 
water should not rise to any appreciable extent. 
Soft slates if breathed upon for a minute or so 
will give off a strong odour of clay. 

Slates vaiy much in colour, and may be blue, 
red or purple, and grey. All these colours are 
to be obtained in Welsh slates, and there are 
four qualities — bests, seconds, thirds, which are 
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‘iold hy count of 1,2(X) per thousand, and t(Ms^ 
sold by weight. Bests are the thinnest and lightest 
and most free from all defects, and make a very 
neat -looking roof ; but the seconds and thirds, 
which are of the same material, but thicker and 
less uniform, make a stronger, though heavier 
and generally less even roof. The ends of slat.es 
are sometimes not cut square, hut given a 
i‘ounded or pointed form. 

Westmorland slates are green in colour, 
heavier than Welsh slates, and are not cut to 
uniform sizes, so that they require to l>e sorted 
into sizes before using. 

Slates may be laid on a roof of as low’ a pitch 
as 22 deg. if large slates are used. Countess 
slates should not be laid to a flatter pitch than 
21) J deg., and small slates to a pitch of 30 deg. 

Terms Used by the Slater. When 
.slates are laid in a roof the area of the slate that 
show’s on the completed roof is less tlian onc- 
lialf of the total area of the slate ; the upi>er part 
of the slate is completely covered by the next 
coiir.se of slates, and to some extent by the 
next course but one. The surface of the slate 
that remains exposed is termed the margin [24 1, 
find the depth of the margin is equivalent to 
the gauge \2\]\ the lowTr edge of the slate is 
t(*rnied the tail [25] ; the upper edge of Ji slate 
is termed the head [25] ; the upper surfa<'e, when 
laid, the hark [26i; the lowTr surface, w’lien laid, 
the bed [26]. Where the length of the slates 
used throughout a roof remains uniform, the 
gauge remains the same ; but if the length of 
the slates viiries, as w’ith Westmorland slates, 
the gauge is varied. The largest slates are used 
fit the eav’es, and gradually reduced to the ridge, 

^ and in such cases special care is necessary in 
setting out the laths or battens to which they 
are nailed. 

Fixing Slates, There are tw^i systems of 
fixing slates, depending upon the }>osition in 
the slate in which the nailing holes are pierced. 
When head -nailing [29] is adopted they are pierced 
fibout 1 in. below’ the head of the slate. Tht‘ 
princijml advantage claimed for this system is, 
that the nail hole is protected from the 
w’eather by tw’o thicknesses of slate, and in the 
event of one of these slates being cracked the 
nail hole is not thereby exposed ; its drawbacks 
are that more slates arc required to cover a given 
area, repairs are less easily effected, and should 
the wind get under the tail of the slate it may 
exert ji very considerable leverage when the nail 
is so close to the head. When centre nailing [28 1 is 
adopted, the holes are perforated only sufficently 
above the centre of the slates to allow the nail to 
miss the slates of the cour.se below. This system 
is considered to give a better hold to the slate, 
and emjiloys somewhat few’er slates than when 
they are head nailed ; but the nails are pro- 
tected by only one thickness of slate, and if this 
happens to crack above the nail hole, water may 
find its way in. 

In both systems the .slates are laid so as to 
have a /up, which is a term used to indicate the 
extent to which the head of one slate is covered 
or lapped by the tail of the slate in the next 
course but oneabo\eit ; thelapis usually not less 


than 3 in., and when slates aie head-nailed tlie 
lap is measured from the nail hole, which is at 
least 1 in. l)elow the head of the slate ; but when 
slates are centre-nailed the lap is measured 
from the actual head. It will be seen, therefore, 
that the effective length of the slate is reduced 
by 1 in. at least when head-nailed, and the gauge 
w’hieh equals the effective length, less the lap, 
divided hy two, is reduced by J in., and it is for 
Ibis reason that, as already stated, more slates 
are lequircd to cover a given area when head- 
nailed than when centre-nailed. If there were 
no lap in slating, w^ater finding its way through 
the joints between the margins of two adjoining 
slates might not be received by the slate beloAv 
it, but miss the head and reach the boarding, 
or if there were no boarding, drip from the inside. 
But the length of the lap insures that the head 
of every slate is several inches above tlu* point 
at which moisture can come through the joints 
in the next coursi* of slates. 

Bonding of Slates. If a slate roof be 
examined, it will be found that every course of 
slates breaks joint with the course immediately 
below’ or above it, so that the joint lietween any 
pair of slates, laid side by side, coincides with the 
centre of a slate in the course lielow [30 1. This 
bonding is regulated at the extreme ends of thi* 
roof, but it IS not advisable to form the bond 
with a slate half the width of an ordinary slate, 
though this is sometimes done, as such a slate 
would have width for only a single nail, and 
would be liable to be displaced ; but in every 
alternate course the end slate is half as w'ide 
again as an ordinary slate, so that the first 
joint in su(‘h a course comes over the centre of 
the second slate from tlu‘ end in the course 
bclow’. 

Slating a Roof, The slater starts from 
the eaves of a roof and Avorks upwaids. The 
carpenter has provided a tilting fillet, or has 
kc]>t the top of the front facia above the level 
of the roof boarding, and provided laths at 
proper distances to which the slates are to be 
nailed. The exact distance of the first fillet 
from the eaves depends upon the size of flu* 
.slate. In older to provide a double thickness 
of slate, the bottom course of slates is laid 
double, and the low'er slates in this double 
course are shorter than the ordinary slates 
by a length equal to the gauge, so that the 
tails of the upper and lower slates in the 
course w’ill coincide, and the joint between the 
upper and low^cr rows of slates in the course is 
broken. The tails extend beyond the facia or 
tilting fillet about 1 in., so that w’ater running 
down thtv roof will drip from the ends generally 
into a gutter, and the tilting fillet, by raising the 
lower part of the slate from the boarding, 
ensures that the tails will fit closely together. 

Except the lower slates in the double course, 
the slates are usually uniform in size till the 
ridge is reached, where the last row of slates has 
to be cut to a length about equal to that of the 
under course in the eaves, and to secure this result 
the gauge as set out may, if necessary, be varied 
by a trifling amount throughout the whole slope 
of the roof to insure that the head of the topmost 
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course but one shall come to 'vvithin about 1 J in. 
of the ridge. 

Slates are usually laid so that the edges of the 
slates in each course are in contact ; but con- 
siderable economy may be effected by spacing 
them with a short interval between them. This, 
-which is termed open slating [31], does not make 
so sound a roof, but in positions sheltered from 
driving rain and for many kinds of outbuildings 
such a roof may be adequate, but if not laid 
on boarding, it wiW be very liable to allow snow 
to enter. 

Nailing Slates. Ea^h slate is fixed with 
two nails driven through the holes perforated for 
them into the batten or boarding. The nails 
are short, with large, flat heads, to cover the 
jierforation in the slate. The liest nails are made 
of copper, and permanently resist oxidation. 
Nails of malleable iron, galvanised, are also satis- 
factor>% and composition nails, made of an alloy 
of tin, zinc, and copper, are used, and resist 
oxidation. Nails made from pure zinc are too 
soft to driv’e readily. Lead na ls are used when 
not required to he driven into tlie wood but 
to be bent round the batten. 

Finishing the Edges of a Roof. The 
edges of each slope must be treated in a special 
manner. They may be finished with virge^s wher(‘ 
the slates overhang the wall, or may 1 k‘ stopjied 
behind a parapet : in cither case a tilting fill(‘t 
must be provided by the carjientor to lift the 
outer edge of the slating and thus prevent any 
tendency for water to run down the roof and flow 
over the outer edge. Where verges are used, the 
slates are usually bedded and pointed in cement, 
and a wood or cement fillet may l>e run against 
the brickwork l>elow the overhanging slates. Jf 
the return wall under the verges or parapet l>e at 
right angles to that under the eaves, there will he 
no occasion to do more than provide for bonding 
the slates, as already described ; but if the angle 
lietween them be not a right angle, the slates 
must be cut with a raking edge, to fit the angle. 
Slates must also be cut with a raking edge 
Avherever a hi}) or valley occurs. Slates are not 
bedded in mortar, but, where laid on battens 
without boarding under them, are sometimes 
torched — that is, the horizontal joints are jiointed 
in lime and hair from the underside of the roof. 

Finishing the Ridge. When the two sides 
of a roof have tieen slated to the ajiex, there 
will be a joint at the top on each side of the 
ridge through which water would penetrate ; and 
there are t^o or three methods of protecting 
this. A sawn slate ridge roll [32| may Ix' used 
with wings on each side • the wings and roll may 
be in throe separate pieces, or one of the wings 
may be in one pie^e with the roll, and the 
other then fits under a rebate in the roll. The 
wings are fixed with coi)per screw’s set in white 
lead to the ridge })iece, and the heads are 
covered by the rob, which is fixed with long 
brass or cop})er screws, the heads countersunk 
and stopped w ith oil putty or cement ; the ridge 
is jointed in oil putty, and the wrings lie on the 
back of the top row of slates on each side of 
the ridge. Where the ridge is joined by the 
hips a sjx‘cial junction piece is employed. 
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Tiles are also largely used for protecting ridges. 
The most common form is a plain rounded tile 
1 33], which simply covers the ridge, and is bedded 
and pointed in lime and hair mortar ; or 
.specially-formed ridge tiles, formed with a flange 
tocover the npf)er slates on each .side of the ridge, 
and usually wuth a roll or a plain or ornamental 
cresting, arc bedded in the same way. A lead 
roll is also used, and is described under 
External Plumbing, together with the means 
taken to make watertight joints l)etween the 
sloping surface of slate roofs and the vertical 
surfaces of Avails, chimneys, dormers, etc. 

Finishing Hips. Hips may be finished in 
the same way as ridges, with slate rolls or hip 
tiles, Avhicli resemble ridge tiles, or w’ith a lead 
. roll. The slate roll or hip tiles are bedded and 
secured as in the case of a ridge, and it is 
ciisiomary to screw to the back of the wood 
hip rafter at its lower end a })iece of wrought 
iron, of which the lower end is turned uj), and 
often treated ornamentally, as a sto]) to })revcnt 
the lowest tile slipping down ; this is termed a 
hip hook \A2\. Where the hips cut against the 
ridge, the joint is best formed with a specially- 
formed tile to cover the junction. This may 
be (juitc }dain ; but in many cases at about 
the point where the intersection occurs the 
tile is raised considerably above the ridge level, 
is treated ornamentally, and is termed a 
finiaJ. A similar ornamental flnial occurs fre- 
quently where the ridge terminates above a 
gable end, or, w’Iutc overhanging barge boards 
are used [see ('.^rpentry], the apex is often 
framed into a wa)oden flnial, against which the 
ridge tile is sto})})ed. 

There is on(‘ other method of finishing the liij) 
which is not applicable to the ridge. This is 
done by having the slates closely cut and mitred 
to the line of the hip and forming a small secret 
gutter running dowm the hi}), and under the 
slates. This forms a ver}’ neat finish, and, with 
the concealed gutter, a w^atertight one [see- 
External Plumbing]. 

Valleys in slate roofs are formed w’itb lead 
dressed over a tilting fillet on each side jsee 
External Plumbing], and the slatt*s must be care- 
fully cut to fit the slo})e. 

Glass Slates, t^lass slates may be used to 
admit light to the roof space. They are made 
the same size as ordinary slates, J in. thick, 
bonded with them, and perforated and screwed 
to (he woodwork. If close boarding be used, it 
must cut away under the glass tiles. 

The surface of a slate roof may be varied in 
a}>pearanee either by using slates of two different 
eolonrs in alternate bands or in other geometrical 
arrangements, or by introducing a proportion 
of .slates the tails of which arc cut to a rounded 
or }wjnted form. 

Repairing Slate Roofs. The method 
of removing old slates was referred to in de- 
scribing the ripper. New^ slates cannot be nailed 
to the battens, and are secured in position by the 
use of These are strips of lead or copper, 

of which the uf^per end is Wnt and hooked 
over the head of the slate in the course below ; 
the new slate is then placed in position, and the 
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end of the tack bent up over it to hold it in posi- 
tion. Two tacks should be used for each slate 
to be fixed. 

Sawn Slates. Sawn slate roofs are occasion- 
ally used, and are heavy and costly. They may be 
used either on a timber or iron frame. The slabs 
may be cut to any convenient size, and are 
generally about J in. thick. The edges of the slabs 
in each course simply butt one against the other, 
and are laid in red lead, and afterwards covered by 
a sawn slate cover bedded over the joint in red 
lead 1 34 ]. The slabs and covering slips are fixed 
by screws, for which holes must be drilled, or, if 
fixed to iron purlins, bolts are used. The slate 
must be countersunk to receive the heads of 
the screws, which are bedded in red lead. The 
tail of one course of slates laps over the course 
below about 4 in., and is bedded in red lead. 
In this form of roof there is no bonding, the joints 
in every course coming directly over those in 
the course Ik'Iow, so that the cover strips run 
uj) in a straight line from the caves to the ridge, 
and each strip laps over the strip below as 
occurs in the larger sbites, A special capping 
j)iccc is used to protect the ridge. 

Vertical Slating. Vertical slating is 
sometimes employed for the cheeks of dormers 
and similar situations, and is fixed in the same 
u ay as in slopes. Vertical slating is also used, 
eN])ecially in slate districts, foj- protecting 
(‘xposed walls from the ctTects of driving rain. 
Slates for this j)urpos(‘ may be selected of such 
a size as to allou the use of a gauge that is a 
multiple of the height of a cours(‘ ol bricks, so 
that the slates jnay be nailed into the brick 
courses. A lap uf 1 J in. will suffice for vertical 
slating. 

Stone Slates. Stone slates, or tiles, are 
employed in districts when' thin, laminated stones 
are available, and these ai(* sometimes brought 
to other districts. They arc usually about 1 in. 
thick and upwards, and vary somewhat in .size, 
so that they re(juire to be sorted into sizes. The 
deeper courses are laid near the caves, and the 
gauge is regularly diminished as the ridge is 
approached. They are usually laid to about in. 
lap u ith a double cour‘*c at caves, and cut to ridges 
and hips, but the valleys are generally formed 
with shaped stones laid to an ea.->y curve; but 
lead valleys may lx* used. They are laid on sawn 
oak laths, and each stone is tixccl w ith one oak peg. 
The stones may 1^ .should (red in lime and h.air. 
Tliis consists in bedding the heads of the stones 
only for a short distance down. .Another method 
of fixing is to lath between the battens and to fill 
in the space w ith mortar made of stone and lime, 
and to bed the stones on tliis mortar |39J. The 
\ (Tges and the joint-, of the stones are pointed, and 
the hips and ridges may lie covered with tiles 
or with solid sawn stone covers |40J, at least 8 in 
wide on each splay, cut in long lengths to suit 
the pitch of the roof, and liedded and pointed in 
cement, and with sjiecially-cut junction pieces 
where the hips and ridge meet, and strong 
wrought hip iron, de.scribed for slate 
hips. Tlie flattest pitch that is suitable for 
a roof coverwl with stone slates is one of 
4f> , and the jVK»f timbers find trus.ses rcfjuire 
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to be about 50 per cent, stronger than for slates 
.on account of the extra weight of this covering. 
Stone slating is sometimes used vertically, for 
cheeks of dormers or for walls, formed with 
similar stones. 

Shingles. Shingles are wood slates split 
generally from oak, but cedar and larch are also 
sometimes used ; they arc usually bin. wide, and 
from 12 to 18 in. in length, and are laid in the 
same manner as slates, but with a lap of from 4 to 
5 in., and are not suitable for a flatter pitch than 
45°. They arc nailed with copper nails on close 
boarding. The hips and ridges may be out 
out of solid oak in long lengths in the same 
manner as already described for stone hips and 
ridges with slopes 6 to 8 in. long, but the hips 
may also be close cut and mitred, and provided 
with a secret gutter as described for slate hips, 
which makes neater work. 

Shingling is principally used now' for turrets 
and spires, and in such cases there is, of course, 
no ridge piece required, but an apex piece 
will Ih‘ necessaiy ; and th’s may be of oak, or of 
111 * covered w’ith lead. 

Tiles. 4'iles are burnt from suitable earths, 
but they vary much in quality, colour, and form 
I see page (>44J. Some are light in colour and 
porous; others, made from very eompaet clays, 
are dark in colour, varying from deep red to 
brown and purple, almost vitrified in burning, 
and absorbing very little moisture. They are 
usually slightly cambeied. or arched, between tin* 
head and tail, .and may be perforated W'ith hole's 
for nails, or formed with small projections termed 
ro(/,s' or on the underside of the head, oi’ 
they may have both. The size of a tile is usually 
lOJ by GA in. or 11 by 7 in., and tlie 
gauge employed is usually to 4 in. Th(‘ 
tails are not always square in lorm, but may be 
made ornamental in character. Special sized 
tiles are made for the under course at eaves, and 
the top course at the ridge, to avoid cutting ; extra 
wide tiles, known as tih-and-a-hedf 141], are made 
for bonding at ends of slopes, and special tiles 
are made for both lii]>s I42| and valleys [45 1, form- 
ing a rounded angle, and of such a form that 
the tiles bond with those in the .adjoining 
slopes. The forms of these tiles differ according 
to the pitch of the roof, and must be specially 
made or selected exactly to suit the pitch 
employed. 

Pantiles ( 48 | are usually about 14 by 0 in., 
and are curved in an ogee cuive m their 
horizontal section; they are pr()\ided with cogs. 

Cutting and Hanging Tiles. Where the 
edges of a roof do not finish square, but make an 
irregular angle, tiles may have to be cut to fit the 
slope. This is usually done by marking the 
required line on the tik‘, and breaking off the 
superfluous material in small pieces with a pair 
of iron pincers till the required angle has been 
obtained, and the operation is finished by rubbing 
the edge smooth on a piece of stone. 

Roofs are prepared for tiling in precisely 
the same way as for slating ; the sawn laths 
are usually about 1 j by 1 in., and are set out 
to the required gauge [ 43 ]. The eaves are laid 
double as in slate roofs [ 44 ], Tiles that have no 
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nibs are hung to the laths by oak pins driven 
through the holes provided, or are nailed with. 
nails similar to those used for slating f 43j. 

Tiles that have nibs are hung to the laths by 
means of them, and may, in addition, be secured 
by nails ; but it is not usual to use more than one 
nail to each tile, or to nail every course of tiles, 
as they are largely kept in position by the weight 
of the courses above ; for ordinary tile slopes, 
if every fourth course is nailed it will amply 
suffice. 

Bedding Tiles. Tiles are not generally 
bedded in mortar, which, when used, is liable to 
absorb moisture, but are laid diy, each row 
resting on the back of the row below, as with 
slating. Where tiles are fixed without boarding 
or felt, they are sometimes torched like slates — 
that is, the horizontal joints only are pointed ; in 
other cases the vertical joints are a'so pointed 
between the tiling battens. Such pointing will 
tend to keep any snow from drifting in, but in a 
well laid roof Jt is not required to keep out wet, 
and if the tiles are absorbent it is liable to absorb 
moisture from them. 

Where verges occur tiles are bedded and pointed 
in cement, and, in the place of the wood lillet used 
in slating, a tile may be bedded and a cement 
fillet formed on it in cement ; this may be 
finished with a hollow joint [66]. It is possible 
to form lups and valleys by cutting and mitreing 
the edges of^the ordinary tiles, and to use lead 
valleys and rounded ridge tiles as is done with 
slates ; the liips are then bedded in lime and hair 
mortar, and pointed, but this does not make 
so good work as using special hip tiles bonded 
with the ordinary tiling. 

Ridges may Ik* formed as described for hips 
with plain rounded tiles ; but, as a rule, a special 
ridge tile is used — either a roll with tw'o flanges 
only or with a cresting in addition. Ther* is 
a great variety in the form of ridgv* tiles to suit 
ditterent tastes and styles of work, but they have 
all two wings, or flanges to cover the lidge, and 
rest on the topmost row of tiles [53J. Vertical 
joints between the ridge tiles are unavoidable, 
and the ridge tiles, or at least the ends of them, 
are therefore bedded on a layer of cement, and 
the joints are made in cement. Ridge tiles arc 
usually made in lengths of a foot and upwards. 
Finials, as already described for slated roofs, aie 
used, but with tiled roofs finials of the same 
material are usually employed [54J. 

Ornamental and Vertical Tiling. The 
appearance of the roof surface may be varied 
by tile introduction of a certain proportion of 
tiles differing from the ordinary tile either in 
form or colour. Tiles that have the tails finished 
in an ornamental form [ 49 ] arc usually laid in 
bands of three or four rows and upwards at 
regular interv^als. Tiles of a darker or lighter 
colour than the ordinary tile may be laid in the 
same way, or may be introduced so as to form a 
geometrical design ; if this is done, very careful 
setting out is essential to insure the symmetrical 
completion of the pattern. 

Vertical faces, such as cheeks of dormers, 
gable ends, etc., may be tiled in the same w'ay as 
described for vertical slating ; but in such positions 


the tiles should be nailed, and vertical edges ta 
dormers or similar positions should be solidly 
bedded and pointed in cement, and the joint 
between vertical tiling and the slope of the roof 
is made secure by lead soakers [.see Plumbing]. 

Vertical tiling to walls is frequently employed 
in country work as a protection to thin walls. 
The joints of an ordinary brick wall are not 
conveniently spaced for hanging tiles, as they 
give a gauge of 3 in. only ; but in localities where 
a 9 in. wall may be built hollow by using bricks 
on edge, tiling may suitably be fixed to the 
joints [50]. This will allow a gauge of 4J in. A 
very usual method of hanging tiles is to build in 
coke breeze fixmg- blocks at regular intervals, and 
secure to them sawn laths 2 in. by 1 in., to which 
the tiles are hung [51], or the laths may be fixed 
to vertical timbers built into the walls at intervals 
of from 14 in. to 18 in. [52J. Vertical tiling may 
belaid dry, or bedded and pointed in mortar. In 
the former 'method the laths are less likely to 
perish, as better ventilation will be secured ; ami 
mortar, as already pointed out, is liable to absorb 
moisture from porims tiles. Vertical angles arc 
formed with specially made angle tiles, or the 
ordinary tiles may be cut and mitred, and lead 
soakers employed. The lower edge of a vertical 
tiled surface is made to project from the face of 
the wall either over a brick or stone band, 
corbelled out at least 2| in. [52 ]. or where a tiled 
surface is stopped over an opening, a woodem 
tilting fillet is piovided |5l|, the lower courses 
are bedded in cement. The object of this pro- 
jection is to throw’ off any water that runs down 
the tiles clear of the walls. Where tiling is 
stopped in a vertical line by the jambs of open- 
ings, the outer tiles are bedded and pointed in 
cement . I\'h(*re tiling is finished under a Wooden 
window" -sill or below the kerb of a skylight, a 
leml apron is generally closely nailed to the 
underside of the sill, and dressed down over 
the tiles. 

Repairing Tiled Roofs. Tiled roofs 
may have broken tiles removed and new ones 
fixed in position in the manner already (l(*scribed 
for slate roofs ; but where tiles are provided 
with nibs, and the tiles are not nailed down, 
it is often possible eareiully to lift slightly a few 
tiles and insert a new' one, passing the nibs over 
the lath, and thus securely hanging it. Some 
few years ago a slotted tile was manufactured 
in which the nail hole was provided with a 
circular slot below it, so that even when nailed 
the tile could be pushed up so that the slots 
dropped over the nail heads, and then, by draw- 
ing down the tile, it was securely fixed. Such 
tiles greatly facilitate repairs, lait are not in 
general use. 

Pantiles' are used only for an inferior class of 
w’ork ; they an* not fiat, but partly concave and 
partly convex in cross section, and are provided 
with nibs, and can be laid to a pitch as flat as 
25", and are not usually nailed. The laths 
are usually about 1| in. by I in. lender- boarding 
or felt is not used. The tiles are laid so that in 
each course the convex edge of one tile overlaps 
the concave edge of the next ; successive courses 
do not break joint, and there is no laj) in tho 
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ordinary sense, but the tails of one row cover the 
heads of the course below froiii 3 in. to 5 in., 
and the alternate ridges and furrows formed by 
the tftes run continuously from the eaves to the 
ridge. The tiles are bedded and pointed in 
hydraulic lime and hair, 

(dass tiles can be obtained to work in with 
ordinary pantiles, and are perforated and fixed 
uith screws. Ridges are formed with simple 
convex tiles l)edded in cement [47J. Hips may 
t>e formed vith similar tiles, and valleys with 
concave tiles ; but in roofs of this class hips and 
\ alleys are, as far as possible, dispensed with. 

Sjx»cial forms of tiles are manufactured of 
various kinds, and for these more elaborate 
precautions are taken against the penetration 
of wet, and a much larger portion of the l)ed 
of each tile is visible in the finished roof, and in 
some eases almost tlie whole of the back in thus 
displayed. Such tiles are more exi>ensive; but, 
on the other hand, a far smaller number are 
required to cover a given area. As examples of 
this class, Venetian tiles may be mentioned [551. 
The sides of these tiles are not quite parallel, but 
converge .somewhat, and a rim or edge is formed 
at both .sides, and the edges of adjoining tiles 
are covered with hall -round tiles, also somewhat 
tapered in their length. This makes an effective- 
looking roof, and is watertight, but not proof 
against driving snow. Tiles are also made in 
diamond and other ornamental forms, with 
fillets slightly raised on the two upper sides, and a 
corresponding fillet on the lower surface of the 
two lower sides. 

Pitch of Tile Roofs. The flattest pitch 
fhat is considered desirable for a tile roof is 
45 , but roofs are sometimes laid as flat 
ns 30', but should have boarding and felt 
under them. The timbers of a roof covered 
uith tiles require to be about 30 per cent.* 
‘^tronger than in the ease of a roof covered with 
slates. 

Cement Filleting. Jn both slate and tile 
roofs where the work is not of a high class, the 
junctions Ijctween the ends of slate roofs and the 
u alls of paraj)ets, chimney stacks, or other brick 
faces, are often protected by fillets of cement to 
prevent the penetration of wet at these points 
[57j. When newly executed, these are usually 
efficient ; but if any movement occurs in the 
loof, the fillets are apt to break away from the 
tiles or the wall, and to leave the joint to a con- 
siderable extent unprotected. 

Roofs of a Temporary Character. 

Some other forms of roofing may lie mentioned, 
though they are not laid by the slater or tiler. 
The simplest of these is a covering of tarred felt. 
Inch may be laid by the carpenter. The roof to 
be covered is first boarded, and the felt cut into 
stri})s the length of the roof, and laid horizontally, 
the lower edge lapping over the edge of the board- 
ing and nailed, and the sides tume<J down over 
the boarding and nailed. The next^strip of felt 
has the lower edge lapped over the top of the first 
strip, and is nailed, and in a ridge roof a strip 
is nailed over the ridge. Such a roof is useful 
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only for temporary work and outbuildings, and 
has at the best a short life, but this may be 
extended by tarring the upper side of the felt, 
and sprinkling it udth sand or ashes. 

Roofs of Weather Boarding. Another 
form of temporary roof may be made with 
w^eather boarding ; this is principally used 
for vertical surfaces, but may be employed 
for roofs of sheds and outbuildings having 
a pitch of at lea.st 27°; about onc-quart^r 
pitch and a greater slope than this is desirable. 
The boards generally have an average thickness 
of about I in. and are out wfith a weathered or 
feather edge surface — that is, the lower edge is 
thicker than the upper one, varying, say, from 
I in. to 1 in. in thickness, so that two boards 
can be sawn out of a plank U in. thick. The 
under side of the lower edge is sometimes also 
rebated, so as to fit over the thinner edge of the 
near board, which in.sures that the under surfaces 
lie in a plane. Such boarding is laid on rafters 
so that the low’er edge, whether it is plain or 
rebated, overlaps the board below' it and is 
fixed with nails. The boards can be obtained 
in long lengths, and should extend throughout 
the whole length of the roof, wherever jiossible. 
to avoid joints in the surface of the boards, and 
the boards overhang slightly at the end. forming 
ridges The ridge is covered with a ridge piece 
cut from the solid, as described for roofs, covered 
w'ith shingles After the roof is covered, it is 
generally protected with two or three coats of 
tar. Roofs of this class are used for sim})le struc- 
tures and are formed without liips and valleys. 

Galvanised Iron and Felt Roofs, 
(ialvaniscd corrugated iron is made in large 
sheets, and is sometimes undulating in cross- 
sections, formed with alternate rounds and 
hollows, or sometimes with broad flat surfaces, 
with rounds at intervals. This material may 
he obtained curved in its length, to suit a 
rounded roof. It is liest laid over boarding and 
felt. In laying, the sheets are lapped laterally 
to the extent of at least one corrugation, and 
when successive rows of sheets occur, the tail of 
one sheet covers the head of the next for fi in. 
The .sheets are fixed by galvanised nails or screws, 
with large heads, and the hole in tlie sheet is 
(‘overed by a washer under the nail. The sheets 
can lie cut if required, and zinc flashings may 
be used w^hen necessary to protect the junction 
h'^tween the roof and vertical siirfa^^es, as in 
the ease of slated roofs. Special galvanised 
iron ridges are employed for use where a ridge 
occurs, and these may be made to take the 
form of a eontinuous ventilating ridge. Messrs. 
Braby supply such roofs in special shechs 
to work in with the ordinary sheets, but in- 
cluding an iron kerb and skylight ; these are 
often useful for lighting the upper parts of 
structures covered with this material. Ordinary 
sheets arc rolled in lengths of 5 ft. to 8 ft., and 
in widths of 2 ft. 3 in. and 2 ft. 9 in., with 3 in. 
or 5 in. corrugations, and in various thicknesses, 
varying from 16 to 30 in the Birmingham iron 
gauge. No. 16 is used for good w^ork ; 17 to 19 
for ordinary work ; 20 to 30 for cheaper work. 
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Condiments and Spices. Many tropical 
plants yield condiments and flavourings. The 
familiar spices — pepper, the berry of one tree ; 
cloves, the flower buds of another ; nutmegs, the 
kernel of another ; mace, the lace-like husk in 
which the nutmeg is enclosed ; and cinnamon, 
the bark of another, are all natives of the East 
Indies, but have been introduced into other 
tropical lands. [See Food Supply. 1 Flovt‘s arc 
chiefly expoi ted from Zanzibar and Pemba. The 
Vanilla orchid, a native of Central America and 
Mexico, is now cultivated in Bourbon, Mauritius, 
and other suitable^ regions. 

Cinchona and Camphor. A valuable 
product of the tropical forest is (‘inchona, 
often called Peruvian bark. The cinchona, of 
which thei‘t» are many species, is a native of 
the eastern slopes of the Andes, between 10' N. 
and 20^ S. lat. Near the equator, it grows 
up to 10,000 ft. above the sea, but in higher 
latitudes it needs lower elevation. In Madeira, 
where it i^ now being grown, it is only found 
near sea-level. About half a century ago it was 
introduced into Algiers, Java, and India. It is 
now groT^Ti in Southern India and ('eylon, as 
well as in Sikkim and British Burma, but not 
enough is ])i’oduced to meet the large Indian 
demand. The bark of the cinchona yields 
quinine, which is used im'dicinally as a febrifuge 
and tonic. 

(Camphor is obtained by distillation from the 
chips of the camphor laurel. Formosa supplies 
nearly all the maiket. The chief markets are 
Hong-Kong, London, Hamburg, and New York. 
Besides its medicinal uses, camphor is used in 
making celluloid, smokeless explosives, etc. 

Bread - fruit Tree and Sago Palm. 
Two other trees, though not actually wild, 
require so little cultivation as hardly to be 
agricultural products. These arc the bread- 
fruit of the Pacific and the sago palm of the 
East Indies. The sago ])alm becomes mature at 
about 15 years, and its jiith yields about 60(» lb. 
of sago. A month's work produces twice as 
much sago as can be used in a year. Once formed, 
a plantation renew's itself without further care, 
and only a little clearing and planting is required 
to form a new^ one. Likt* the c(>eo-nut palm or the 
bread-fruit, the sago palm is on the border line of 
agriculture. The sago of commerce is exported 
through Singapore'. It is rich in starch, and, in 
addition to its domestic uses, it is used to 
thicken cacao. 

Products of the Agricultural Lands. 

By far the most important products of the 
agricultural lands are the (5ereals, or bread-stuffs. 
Other important crops are various edible fruits, 
roots, fibre plants, etc. 


The temperate (*ereals are wheat, maize, 
barley, oats, rye, and buckwheat. 

Wheat. Wheat, the most valuable, has 
been cultivatecj for thousands of years. As a 
result of long cultivation many vari'^ties are in 
existence. White wheatFi yield a tiner flour, 
but red wheats are otten better suited to 
poorer soils. American wheats are hard, starchy, 
and yield little bran. Tlie best varieties of 
wheat yield as much as 80 per cent, of flour. 
[ See A G RT(WT lturu . ] 

Wheat is particularly suited to clay soils and 
rich, heavy loams. It can stand a fairly liarrl 
Avinter, especially if the ground be protected by 
snow against dc(‘}) frosts. Where the winter 
is not too severe it is planted in autumn, to be 
more forward in the following season. This 
is winter wheat. Spring wheat is sown in 
spring to ripen in tlu' same autumn. It requires 
a mean sumnu'r temperature of at least Tm F. 
for three or tour months to ri})en, and grows 
best between 25^ and 55”, though in Europe it 
is cultivated as far north as bO' lat. Tlu' ideal 
climatic conditions arc cool, w^(*t wint(‘rs. AAhich 
make the processes of germination and early 
growlh slow, and warm, sunny, dry snmnu'rs. 
These conditions arc admirably fulfilled I’ound 
the Mediterranean. 

The Wheat Lands of the World. 

Wlioat is now extensively grown in the 
tem|)erate zone. Europe produces about half 
of tlic world's total crop, but ('onsumos more. 
The chief wlu'ut lands of Kuropc arc Hungary, 
ILimania and Bussia, all steppe lands. France 
grows enough w^lioat to su])})ly her own con- 
.sumption, but exports a considerable jiro- 
jiortion, making up the deficiency by import. 
In Asi.i wheat is increasingly growui in tlu' 
stejipes of Siberia, a continuation of those 
of Russia. In the Punjab and the Northern 
Dckkan it is an important winter crop. Aus- 
tralian wheat is small in yield, but excellent in 
quality. In New^ Zealand the yield is high. 
In North America immense harvests are grown 
in the Ifpper Mississippi basin and in the Red 
River valley. A very large wheat crop is also 
raised on the Pacific coast, especially in the 
Willamette and Californian valleys. This now 
goes mainly to Eastern Asia. In Argentina wheat 
is grown within a radius of about 400 miles of 
the month of the Plate River, and the area is 
increasing with the facilities of transport. 

A considerable jiart of the w'orld’s harvests 
are transported in the form of flonr. This 
is particularly tnie of the wheat crop of the 
United States and Hungary. The importing 
country loses the offal, which is retained abroad 
for stock feeding. 
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The world’s crop at the beginning of this 
century exceeded 3,000,000,000 bushels, valued 
at i'55(),000,000. It is increasing annually, but 
consumption keeps pace with it. It has been 
said that “ the world’s crop is yearly consumed 
so nearly to the danger line that very often the 
visible supply, or the amoimt known to be in 
the market, is reduced to a few million bushels.” 
It is a fortunate circumstance that the wide 
extension of the wheat area makes almost every 
month harvest time in one or other of the wheat 
lands of the world. 

The yield per acre varies greatly. In Denmark 
it is as high as 42 b^ishels, owing to the perfection 
of the agricultural methods. In England it is 
30 bushels, in New Zealand 26, in Hungary 18*5, 
in Canada 15 5, in the United States and 
Argentina about 12-3, and in Russia 8*6. There 
is, therefore, much room for increase in the 
world's harvest, both in acreage and in yield. 

The Wheat Fields of the Future. 
Tlie competition of the virgin wheat lands, 
though their yield is miicli less per acre, is so 
serious m the aggregate that wheat cultivation 
no longer pays in this country, nor, indeed, in 
Eastern Canada and the Eastern United States. 
The cultivation of w^heat in this country has 
rapidly declined, partly owing to the fall in 
prices due to increased competition, but partly 
owing to a series ot wet summers during the 
’eighties, and of equally disastrous drouglits in 
the ’nineties. 

The following table show's the acreage under 
wheat, the price per quarter of 480 lb., and 
the import of cereals, raw and manufactured, 
for the last quai ter of the nineteenth century : 



Home KuppU 

Iiiijmrts 1 

\tai 

Acreage 

Piite 
per (jr 

Omin. 

Meal A, flour 

Total. 

IHSO 

IKS') 

1S<K) 

1900 

514, 000 

:i,oo(),ooo 

2.553.000 

2.454.000 

1.450.000 

1.001.000 

4.5/2 

44/4 

32/10 

31/11 

2J/1 

20/11 

.51,S77,000 
.5.5,202,(K)0 
01, 400, 0(H) 
00,474, (H)0 
SI, 750.0(H) 
()H,01().(HH) 

0,1.36,000 
10,. 5.5s, ('KK) 
15,833,000 
1.5,773,()(K) 
18,308,(KH) 
21,-542,000 

.58,013,000 

65.820.000 

77.332.000 

76.247.000 
100,1 is, OOT) 

0(),1.5v,(K)0 


During this period the maximum price was 
reached in 1877, W'hen it touched 56s. 9d. per 
quarter, and the minimum in 1896, when it 
dropped to 17s. 6d. The following list gives 
the sources of our wheat supply in percentages : 


rtntcd . . . 4 > ■» 

Hoiue^r<)v\n ,. .. iil'O 

< 'aiiada S 4 

Jridia (t H Home ”T<)un .. 21-<; 

Anrotitina .. .. (5 r. C'olomal p:rown .. Is.; 

Kiissia () 1 Foiei^Mi g-iuv\n .. (*0 1 

Aiif,tra.lia .... 2 0 — 

Rmnaiiiu 14 ier»o 

Othei Houices . .‘M 

100 0 


About two-fifths of the total supply is thus 
grown within the Empire, and rather more than 
half of this total in these islands. The wheat 
supply of 1905 presented some exceptional 
features. India, Russia and Argentina each 
supplied nearly 25 per cent. ; Australia more 
than 10 per cent., and C’anada and the United 
States each about 6 per cent. 

Maize. Maize, known in North America as 
Indian corn, or corn, and in South Africa as 
mealies, is grown in regions wfith warm summer 
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days and nights, and summer rains. In coun- 
tries wdth dry summers it requires irrigation. 
In good summers it ripens in sunny gardens in 
this country, the green cob, or ear, forming a 
delicious vegetable. Maize is grown in Hungary, 
Northern Italy, Turkey, Southern Russia, and 
Rumania, North and South Africa, Australia, 
and in Mexico, where it forms the staple food. 
It is nowhere so extensively grown as in the 
States of the Central Mississippi Basin, which 
form the “ maize bolt.” In 1905, 94,000,000 
acres produced 2,708,000,000 bushels, the largest 
single crop in the United States, and four- 
fifths of the world’s maize crop. Most of the 
United States crop is used in fattening hogs 
and cattle. This is extremely economical, for 
meat realises a better price than maize, and the 
land is enriched by the manure of the stock to 
which it is fed. The maize imported into this 
country is chiefly used tor feeding horses and 
cattle. It forms an article of human food as 
cornflour (finely-groimd) and hominy (coarsely 
ground). Gluco.se, a substitute lor sugar, is 
prepared largely from maize, about 60,000,900 
bushels being thus used annually. Othei* 
products arc starch and alcohol. 

Barley. Barley, the hardiest of cereals, has 
a wider elimatie range than any other, being 
grown in higher latitudes and at higher eleva- 
tions. In Norway it grows as far north as 
70° N. The best barley is growm in the wheat 
belt. In this country it does well in the dry 
eastern counties, and particularly in Scotland. 
In the United States the best is grown in Cali- 
fornia. As a foodstuff, barley is being displaced 
everyw'here by wheat, but it is in increasing 
demand for malting. The w'orld’s annual crop 
is about 1,000,000,000 bushels annually. 

Oats. Oats suit a climate where the summers 
are too moist and cool for w'heat. They are 
grown throughout Ireland, Scotland, Denmark, 
and Scandinavia, and in the other countries of 
Europe, except round the Mediterranean, where 
the summers are too dry. The chief exporting 
country is Russia. Oatmeal w'as long the staple 
cereal food in Scotland, and its consumption as 
porridge is increasing in this country. Oats are 
everywhere chiefly used as food for horses. The 
world’s crop is about 4,000,000,000 bushels 
annually. The weight varies gi*eatly from 
season to season. 

Rye. Rye does well on poor, sandy soils, 
and is suited admirably to the infertile plain of 
North Central Europe, w here it is the chief cereal 
crop and breadstuff. It is grown in Russia for 
home consumption, the greater part of the wdicat 
being exporU'd. Rye bread has a dark colour 
and a bitter taste. A coarse wdiisky is distilled 
from the grain. 

Buckwheat. Buckwheat, unlike the pre- 
ceding, is not a grass ; its fruit is rather a nut 
than a grain. It is also called sarrann, and is 
said to have been introduced into Europe by the 
Crusaders, or by the Moors into Spain. It is 
grown on poor soils for cattle and horses in 
Russia, North-eEist Germany, and Britanny. Its 
acreage in the United States has declined greatly 
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in the last .H5 yf‘ars. Th(‘ llowors of buckwhoat 
are attra^'tive to bees, and produce excellent 
lioney. 

Rice. The cereals of tropical and sub- 
tropical lands are rice, millet, and dhurra, or 
sorghum. The temperate cereals can be grown 
at suitable elevativ^ns, as in the tifrra tem'plada 
and the tie7ra jria of the Andes. Rice is the food 
of perhaps one-third of the human race. It has 
been cultivated from a remote period in the 
monsoon lands, where the rains occur at the 
rice-planting season, and has developed many 
different varieties. The w ild rice, which is found 
in the ’marshy lands of Southern Asia and 
Northern Australia is probably the ancestor of 
the cultivated plant. 

Ri(^e requires a hot summer and complete 
flooding at certain periods of groAvth. It is 
admirably suited to the deltaic plains of the 
(langes, Irawadi, Mekong, Menam, Red River, 
and other great rivers of the monsoon regions of 
South and South-east .Asia. Here its cultivation 
is least laborious, as no artificial levelling is 
required, and flooding occurs naturally during 
the heavy suininci' monsoon rains. Jt is. how- 
ever, too valuable to be confined to such deltaic 
regions. Over much of the* rice ai'ea of Southern 
f^hina artificial levelling and elaborate irrigation 
is necessary, 'as in the Chengtu plain of the Min 
River, described in an c'arlier series of lessons. 
Rice is grown in Japan, Southern (’hina and the 
adjacent islands, the Philippines, Java, Oochin- 
Ohina, Siam, Burma, India, (Vylon, Egj’pt, 
Northern Italy tin* Spanish province of Valencia, 
and in the Tnited States round the (iulf of 
Mexico. From most of the rice lands tw’o crops 
are obtained in a year. 'Oie gnnvth is rapid, 
especially when the rice fields are under water. 
At such times the plants grow' several inches in 
twenty-four hours 'Phe rapid growdh and prolific 
yield enable the rice lands to sup])orl a denser 
population than any other. Tin* grain itself is not 
specially nutiitious, b(*ing deliiuent in fats and 
nitrogen, though lich in starch. It contains 
little gluten, and does not make good bread. 
Rice forms the staple food of Japan, tin* Philip- 
pines the Sunda Isles. Indo-China, and Southern 
rhina. If i*^ the largest crop groAA'n in India, but 
is not the stapU* food. If mixed with other 
ingi’cdients, it yields such fermented liquors as 
the Japanese saki and arrack. 

The dense population of the rice lands leaves 
but a small margin for export. The rice used in 
this country comes chiefly from India and Burma, 
or from the United Slates. 

Millets. Th(‘ millets are indigenous in 
tropical and sub-tropical countries, (’ommon 
millet, a native of the West Indies, is a prolific 
annual J ft. or 4 ft. high, yielding a very small 
but -very nutritious grain. It is cultivated 
extensively in India, where it forms the staple 
cereal, as it also does among the poorer classes 
of Northern Fhina, where rice is not grown. 
Being a quick-growing crop, it is sown frequently 
for an autumn harvest after the failure of the 
winter wheats in North ('hiria. The so-called 
giant or Indian millet is the dhurra or sorghum. 
It glows to 12 ft. or 14 ft. in Northern China and 


ATanchuria, where it is extensively used for 
distilling spirit. It is also cultivated in India, 
to a small extent in Southern Europe, and very 
extensively in Africa, where it is knowm as Guinea 
corn and Kaffir corn. In (Central Africa much 
is mode into native beer, ow'ing to the difficulty 
of keeping grain in a tropical climate. Both 
millet and sorghum are extensively grown in the 
United States and elsewhere for green foddf'r. 

Rdible Fruits. Fruits arc an excellent 
addition to diet, but only in exceptional cases, 
such as the date in the desert and the banana in 
Central Africa, do they form staple foods. They 
are very perishable, and play only a small part 
in commerce. A common method of preparing 
them for transport is by drying. A familiar 
(‘xample is the raisin, or dried grape. The 
canning of fruit has l)ecome a very important 
industry. Tinned pineapples, peac-hes, apricots, 
etc., can be bought more ch(‘aply than the fresh 
fruit. Fruits are also utilised by allow’ing 
their juice to ferment. In recent years quick 
transport and improved methods of storage* 
have stimulated the fruit trade greatly. 

Temperate Fruits. The tundra and the 
high moors of temperate lands produce a con- 
sid(*rable variety of small truits. The eranberry 
is made into wine in Siberia, and is extensively 
us(‘d in America for sauces, t‘tc. (^an berries aic 
imported into this country from Russia and 
Northern Eurojie. 

The (*hara(‘terislic temperatt* fruit is the 
apple. It is the (‘ommonest orchard tree in 
Southern England and Northern Franct*. 4’hc 
fruit keeps wtU in transport, and is larg(*ly 
exportt'd from Eastern Canachi, the Northern 
United States and Tasmania, as well as irom 
Fiance and the Continent. 'the fernu'uted 
juice yields cider. Ap])les are preseived by 
drying in the iorm of Norfolk biffens and Nor- 
mandy ])ippins. The p(‘ar has a very similar 
range, but is lt‘s^ in demand, ('berries, plums, and 
the temp(‘rale stone fruits— jilum. apricot, p(‘ach, 
i*tc. — play little part in the world's commerce in 
their fresh state, though large (juantities an* 
preserved by crystallisation. The Balkan Benin - 
Mila produces line })lums, which an* (‘Xtensively 
dried and exported. 

The Vine. The vine grows wild in tin* 
('jiucasus and Armenia, and wa,s probably 
originally cultivated in Persia It recpiires long, 
dry sumrn<^rs and very warm autumns, and is 
])articu}arly suited to the M(‘dit(‘rranean climate, 
though it is grown for wine c(>nsid(‘rably further 
north. An interesting series of ex])(*rinicnts made 
in the ’seventies and ’(*ighties with outdoor vine- 
yards in England show'(‘d that though excellt'iit 
wine was obtainable in good years, bad seasons 
resulted in complete failun*. For w im*, the vine 
can hardly be gi’own successfully far north of the 
Lt)ire in Western Europe, but the northern limit 
rises with the increasing heat of summer towards 
the east. Excellent wines are grown on the 
southern slopes of the bills of Eastern France 
and the Rhine Highlands, whert* terracing in- 
cr(‘ase8 the amount of sunshine received [see 
Food Supply]. The extreme north limit is 
l eached in Posen, in about the latitude of London. 
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Further east the summers arc shorter and the 
autumns too cool, and the limit of the vine falls 
rapidly to the Sea of A/ov. The vine is exten- 
sively cultivated in Western and Central Asia, 
but as the use of wine is prohibited in Mohamme- 
dan countries, the fruit is preserved by drying. 
The vine is grown in North Africa, and g^:)od wine 
is made in the French Colony of Algiers. It 
was introduced in the seventeenth century into 
Capo Colony, where it is exceptionally productive. 
In the New World, California exports wine, and 
the vine is grown as far north as 42“ N. in 
Ontario. In Australia, nine is exported from 
South Australia, Victoria, and New South 
Wales. . 

The Wine • producing Countries, 

France, however, still leads among the wine- 
producing countries of Europe, followed by 
Italy, Spain, Austria-Hungary, Portugal, and 
Germany. The mo^t esteemed French wines 
are the clan'ts grown round and exported 
through Bordeaux, and the champagnes and 
burgundies of Eastern France. Italian wines 
do not ket'p wtII. and are little in demand 
abroad. The most popular are the Tuscan 
Chianti and the Sicilian Marsala. Sherry, fu>m 
the district round Cadiz, is the most famous 
Spanish, and port, grown in the Douro basin and 
exported through Oporto, the best -known Portu- 
guese wine. Of Hungarian wines, the Tokay of 
the Theiss is the most esteemed. The Rhine and 
Moselle wines of Germany are in high repute. 
Of extra European wines, the oldest favourites 
are (binary sack and Madeira, 

Brandy is the spirit distilled from grape-juice, 
the best being made in the champagne country. 
IMuch so-cnlled brandy is merely potato or other 
inferior sjiirit. 

Fresh grapes are imported cheaply from Spain 
and J^ortugal, packed in cork saw^dust. Superior 
dessert varieties also come from France and the 
Channel Islands. Even South Africa and Aus- 
tralia contribute in winter. Dried grapes or 
raisins come from the Mohammedan lands of the 
Eastern Mediterranean, or from Spain, where the 
Mohammedan tradition still lingers. Sultanas 
are a drif^l, seedless grape grown in Asia Minor and 
the iEgean Islands. The small, dark currant is 
practically confined to Greece. 

The Olive. The olive-tree said to 
attain an age of over 1,000 years. Th(' terni<*ed 
olive yards of the Sierra Morena in Sjiain, 
or of the Tuscan and Campanian coasts of Italy, 
thus represent one of the most permanent and 
remunerative investments of human labour. The 
olive is grown throughout the Mediterranean 
region, in the Southern Crimea, and round the 
southern shores of the Black Sea. Jt has also 
been introduc ed into the New^ World, where it 
does w'cll in California, Mexico, and Chile, and 
into those i)arts of Australia wdiich have a 
Mediterranean climate. 

The fruit is rich in a palatable oil, which is 
expelled by pressure. This oil is extensively used 
for table purjmsesand cooking in the Mediterra- 


nean lands, which are too dry for cattle and where 
butter is an article of luxury. The finest table oils 
are those of Provence in France, and of Lucca 
in Tuscany. A second pressure gives a coarser 
oil, which is used in soap-making. 

Oranges and Lemons. Another charac- 
teristic group of Mediterranean fruits are the 
orange, lemon, and citron. The orange-tree 
lives over a century, and bears several thousand 
oranges annually. It is growm in all the 
Mediterranean lands, and in similar climates 
outside that region. It requires a winter tem- 
perature of not less than 40°, and cannot stand 
frost. The lemon has a very similar distribution. 
The fresh orange is chiefly im^iorted into this 
country from the Azores (St. Michaers), Spain, 
Portugal, Sicily, Malta, the Holy Land, and the 
West Indies. In th^" United States oranges are 
grown in California, Florida, and Louisiana, and 
large quantities are exported from the West 
Indies and Brazil. The fruit is frequently pre- 
served in sugar as a dessert sweetmeat. Its peel 
is candied. From unripe oranges is distilled 
the liqueur known as cura^oa. Lemons are 
obtained from Italy, Sicily, and Spain. The lim(3 
is largely grown in Montserrat for lime-juice. 

Figs and other Temperate Fruits. The 
fig is cultivated round the Eastern Mediterranean. 
Dried llgs are exported from Smyrna. Other 
temperate fruits are the almond, walnut, 
pistacliio, pomegranate and mulberry. The 
latter is important in connection with the silk 
industry. Its fruit is palatable, but it is grown 
primarily for its leaves, on w'hich the silkw^orms 
are fed. It is wudely distributed, from Japan 
and China, the great silk countries of the East, 
through Cochin-(Jiina, Bengal, and Western 
Asia into Southern Europe. In the higher 
parts of Central Asia the dried and pulverised 
fruit rephwes sugar. 

Tropical Fruits. Of the immense variety 
of tropical fruits the most familiar are lh(' 
pineapple and the banana, though the mango, 
grape-fruit, etc., .may occasionally be boyght. 

The banana, a native of the East Indies, is 
now cultivated throughout tlic tropics, w^here 
it largely replaces cereals as an article of 
diet. The root stock sends up new stems 
annually. A few months later these arc laden 
with the immense clusters of fruit seen in our 
markets. The yield per acre is probably 
greater than of any other food plant, wdiile 
the labour of cultivation is very slight. Immense 
quantities are imported into this country from 
the Canaries, w'hieh supply the finest, and 
from Costa Rica and Jamaica, w'hich send a 
larger but coarser variety. There is a vast 
import from the West Indies into the United 
States. The pineapple, a native of tropical 
America, has been introduced into the tropical 
lands of the Old World and Australia. It is 
largely exported from the West Indies into the 
United States. The t)read-fruit and the coco- 
nut palm hardly deserve the name of agri- 
cultural plants. 


Continued 
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HAND & MACHINE LACE-MAKING TEXTILES 

Hand-made, Point and Pillow Laces. Birth of the Lace Loom. Heathcoat's Lace 34 
Machine. Bobbin and Carriag^e, Comb Bars, Point Bars, and Other Appliances ronft.ui-<ifi<>io 


By W. S. MURPHY 


Point Lace. in a fabric formed by 

intcrlooping and intertwining threads in the 
shape of a continuous mesh or figure. The 
making of lace seems to have been esteemed an 
elegant occupation for leisured ladies in the early 
civilised communities, and the art has not lost 
its domestic and feminine character. Though 
now of considerable industrial impoT’tance, lace- 
making may l>e classed with embroidery, (Totchet- 
ing, netKilework. and crewel work. Hand- 
made lace is divided into two classes — (1) point 
or needle lace, -wTought on one thread and twined 
into the pattern, and (2) pillow lace, composed 
of many different threads wrought together to 
form the fabric. The finest and most valuable 
of all laces is the “ Point d’Alencon." named 
after the French town most famous for its manu- 
facture. This lace is not a single fabric, but a 
composition of several, some patterns requiring 
the assistance of twelve workmen, each making 
a different part. Brussels point enjoys a high 
reputation. It also is a composite fabric. I)eing 
made of ground mesh and tigurt‘d })attein. 
Among other famous point laces, the leading 
varieties are Valenciennes, ('aen, Phantilly, 
and British point. From liie nature of the 
productive method, it is inevitable that th(‘ 
variety of this lace should be very great. Every 
needle-lace worker gifted with imagination 
might very wt‘ll in\ent a new form of lace. 

Invention of Pillow Lace. Point 
lace is necessarily costly, and accessible only to 
the very wealthiest class of ])ersons a.> a pur- 
chasable commodity. T^ace became industrial 
and commercial through the invention of pillow 
lace. A Dutch lady, whose maiden name was 
Barbara Ettcrloin, the wife of a master minta- 
in Annabeig named Uttmann, is (‘redited A\ith 
inventing pillow lace, in IfiOl. 

Method of Making Pillow Lace. First, 
the pattern is pricked out on parchment or 
strong paper in pin-holes, and fastened on the 
pillow or cushion. Providing luTself with a 
number of pairs of lace sticks about four inches 
long, and eac*h connected with its fellow by a 
thread which at each end is partly vound 
round the top of the stick, the worker takes the 
cushion on her lap. Sticking successive pins 
upright in the holes, and hanging the threads 
I’ound each one as soon as it is set up, she begins 
to intertwist and cross the threads by pass ng 
the little sticks over and under each other as 
they hang dowm loose on the surface of the 
cushion. When all the holes have been filled 
with pins and all the threads have lx*en twisted, 
and the sprig has been formed, to join the parts 
of the sprig a stitch is taken up through one of 
the pinholes with the needle-pin. Through the 
loop thus made one of the lace sticks is passed, 


and the thread on it is knotted with one of its 
fellows. When all the sprigs or parts of the 
pattern have l)een formed, they are made up by 
fixing them on the pillow all together, and effect- 
ing the joining by means of threads and lace 
sticks. 

The Hand Method. The lace student 
should thoroughly understand the hand method. 
In the “ Eneyclopa*dia Francaise ” a writer has 
given a fine description of the method of making 
the most elaborate form of pillow lace. 

“ This is a work in gold, silver, silk, or linen, 
made upon a cushion by the use of a great num- 
ber of small bobbins on a design traced upon 
paper, and two sorts of pins, and which may be 
looked upon as a composition of gauz(‘, weaving, 
and embroidery, because there ere many points 
and thick thriNids introduced, of weaving, for 
tluTc ar(‘ parts where there are projier warp and 
weft, and where the tissue is the same as that of 
the Aveaver ; of gauze, In'cause patterns are 
executed upon it. and the threads wdiich might 
have been considered as Ixdng warp and weft art' 
often withdrawn from each other by crossings. 
Of three things, one is net'essary in making lace 
on the cushion —either to compose or make it 
from one's own idt'as, w'hich sujiposes imagina- 
tion. design, taste, knowledge of many “ points," 
faculty of em])lo>ing them, and even invention 
of other mesht's ; or to bt' able to w'ork out a 
]>attern given on paper ; or to copy a lace already 
madt‘. gi\en tor the jnirpose, which supposes less 
talent but a perfect knowdedge of the art. It is 
then usually necessary to copy from designs 
pricked ean'fully on vellum. The art of thi' 

* piquer ' is to discern exactly the points when* 
the pins must be placed in order to ki'cp out thi' 
threads in the iiroyier })osition to iorm the 
designed meshes, et<‘. ; to ascertain by careful 
examination all the ]>oints needful to carry out 
the course of working, composed, as it is, of 
sometimes intermingled points, and sometiiiK's 
])oints succeeding each other. If a nu'sh 1 h‘ tri- 
angular, three pins would lie necessary ; if 
quadrangular, four, and one pin must also b«' 
])lae(‘d in’ the centre to jirodui’e the opening 
required. 

“ The w orkw'oman. by counting the threads that 
ne(*d to be supplied, knows exactly the number 
of bobl)ins— ()0, 80, 100, 150, or 200— which 
Avill be required ; and each is sufficiently filled 
with thr^ad. Placing a large pin on the cushion, 
and luiving fastened the threads of as many 
bobbins as she can attach to this pin so that 
there shall not be any thread given off unneces- 
saiily, she places and fills a second, third, fourth, 
and .so on in a horizontal line with the first, 
till all are fixed that are necessary. The pattern 
is then placed behind the pins. It is not difficult 
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to learn the mode of making any sort of mesh or 
point if the thread^ of which it is found to be 
composed l)e each numbered, as 1, 2, 3, 4, 5, 6, 
7, 8, 9, and so on, if so many are used in it. Let 
these numbers be invariably considered as 
attached to the same threads and bobbins. 
Think of the first that goes from left to right or 
right to left os number 1, the second as number 2, 
and so on. Whenever a bobbin is displaced, 
consider it a new arrangement of the whole. 
Have paper at hand, and write the positions 
do'wn in order to become perfectly acquainted 
with them — 4 and 4, 8 and 8, and so on until 
they are well arranged in the mind and under- 
stood. Thus, a knowledge of the points may l)e 
(piickly obtained, and the habit of managing, 
arranging, and finding the bobbins again will 
be acquired, so that in a week all that is wonderful 
in the art of lacemaking will disappear — at least, 
the wTiter found it so. 

“Twisting is aecomplished by passing the 
threads round each other so many times, more 
or less, as is desired for the mesh, first the two 
next to one another ; then the next two ; after- 
wards taking one of each of these and tw'isting 
it wuth its neighbours before tw'isting elsewhere*. 
The crown, cross, or knot, is needed to complete 
the mesh, and its formation closes up, and ties 
or binds the work. 

“ Linen work is simply passing these threads 
from number 1 to number 3, 2 to 1, 4 to 2, and 
3 to 4. There is no twist. Then leaving the 
two bobbins which arc most to the left hand, 
and taking the other two that immediately 
follow' on the left, they pass from left to right, 
putting 2 on 3, and going on as before. The first 
movement differs, the rest are the same. Then 
it was 1 on 3, now it is 2 on 3. Weaving, or cloth 
work, is always finished by a mesh. The method 
of making meshes and cloth work being under- 
stood, new designs may be easily produced, new 
‘ points ’ devised and executed, and thus 
surprising patterns be wrought, filled with pre- 
viously unknown arrangements of thread^.” 

Centres of Pillow Lace. France 
occupies the premier position in this industry, 
Belgium coming next in importance. Tlie chief 
centres in the former country are Caen, Bayeux, 
Chantilly, Lille, Arras, Mireeourt, Du Pay, 
Bailleul, and Alen(,on. The Belgian pillow lace 
industry is carried on in Brussels, Antwerp, 
Malines, Yypres, Bruges, Ghent, Mcnin, Courtrai, 
Alost, and the villages round these places. 
Certain districts in England have been identified 
with the lace trade, notably Bedfordshire, 
Buckinghamshire, Nottinghamshire, and Devon- 
shire, each locality having a style of its own, 
which experts at once recognise. Essentially a 
home industry, and calling for highly developed 
skill, i)illow^ lacemaking flourishes best in small 
rural villages, and sporadic growths have 
occurred in most counties south of the Wash 
at various periods. Limerick and Donaghadoe, 
m Ireland, produce laces of special character 
much admired. 

Teaching Pillow Lacemaking. Being 
a domestic art as well as an industry, many ladies 
acquire a knowledge of the work for the purpose 
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of making laces for personal us^ In London 
and other large centres, as well as in the rural 
districts mentioned, private schools exist for the 
teaching of laeemaking, and several institutions 
. of various kinds include the subject in their 
curriculum. The Homo Arts and Industrial 
Association, Albert Hall, Kensington, London, 
S.W., and the Ro}^! School of Needlework, 
Exhibition Road, South Kensington, are tlu* 
leading centres of information and instruction 
on the subject. 

Hand and Machine. Our object being 
purely the investigation of industrial processes, 
hand-made lacc may appear some little way 
beyond our province. But the student of lace 
who does not know something of the hand-made 
lace industry is ignorant of the basis of the wholi* 
trade. Many ingenious mechanics have failed 
to make practical valuable ideas for the improve- 
ment of the lace loom because they had not a 
grasp of the principles of laeemaking. It need 
hardly be said that the designer finds in study of 
hand-made Ia(‘e the most fruitful source of 
insi)iration. 

MACHIN£«MAD£ LAC£ 

Real and Imitation Lace. Machine- 
made lacc was once called imitation lacc ; but 
the power of the manufacturers has wiped out 
the distinction. It is ridiculously contrary to 
fact to say that all hand-made lace is moie 
valuable than any kind of machine-made lace, 
or that all varieties of the latter are imitations of 
the former. Many beautiful designs have 
originated in the designing-room of the lace 
factory, and much hand- made lace is little better 
than a w^aste of good material. The lace manu- 
facturer is kept true to art and utility by the 
stern discipline of the market ; hand-made lace 
ib protected by a prejudice in its favour. 

The Birth of the Lace Loom. If one 
were asked what machine used in the textile 
industries is the most wonder! u I, wo should 
unhesitatingly give the palm to the lace loom. 
Originating from the knitting frame, whieli is 
itself a highly ingenious piece of mechanism, 
the laet* loom has been formed into a marvel 
ot mechanical ingenuity. In its early form, the 
lace loom is simjily a hosiery macliine used for 
making lace fabrics. When StiTttt added on the 
ribbing apparatus, and Butterwortli and Else 
contrived the ticklers, the lace loom had actually 
come into existence. From about the middle of 
the eighteenth century onw ards the adaptation of 
the hosiery frame to the imitation of lace became 
the rage among meclixnics in Nottingham- 
shire, Leicestershire, and London. So numerous 
are the inventors who contributed to the develop- 
ment of the hosieiy frame into a lace machine 
that there is not a historian with any claim to 
authority but who gives a list of inventors, 
including some names unmentioned by others. 
Even Felkin, the historian par excellence of hohiery 
and lace, has omitted some names worthy of 
mention. Our aim being purely practical, w'o 
omit all but the most conspicuous inventors, 
concentrating attention on the mechanism and 
the course of its development. 
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Looping Lace Frame. In 1704 
a machine was devised to make frame- 
looped net ; five years later a spoon 
tickler came into use, by which two 
loops could be lifted over two needles, 
and figured net made ; in 1 708 a method 
of shifting the threads either from left 
to right at will was devised, and a kind 
of cross stitch resembling lace net pro- 
duced [218]. Thus bit by bit the in- 
genious exj)erimenters wrought out the 
problem of producing an imitation of 
lace by machinery. At last, in 1780, 
the root idea of the lace loom was 
conceived by a poor man named Flint. 

He hit on the method of j)lacing long 
})oints on a machine bar which would 
pass between the needles of the frame 
and manipulate the threads, forming by 
two motions the double loop nece&sai’V 
for forming net. A few obvious im- 
j)rovements on this frame brought into 
existence a practicable point-net frame, 
and Nottingham, the scene of the 
labours of Flint and his not too scrupu- 
lous supplanters, became from that 
time the great centre of machine lace 
manufacture. 

Warp Lace Loom. A single 
thread, no matter how elaborately 
looped, can hardly produce a substan- 
tial fabric. Something more was there- 
fore needed to the full development of 
the lacc frame. This was found in the 
invention by (Vane, of Edmonton, in 
1775, of the Avarp frame. Instead of 
running a single* thread through tin* 
whole range of needles, a Avai*p beam 
was suspended over the frame, and 
threads from it supplied to (‘ach 
needle. With the im})lcments already 
devised for the looping frames, the 
warp frame started oii its career 
with high advantages. its mobility was 
gieatly increased by the addition of a series 
of notched wheels, invented by Dawson in 
1791, which, through the medium of bars, 
caused tlie j)erpen(iieular threads to move 
variously, according to design. This was the 
forerunnei of the now famous Jacquard machine, 
ivith which weavers of all the textiles must be 
more or less famil ar. In its later developments, 
this frame took special forms for special fabrics. 

Bobbin-net Lace Loom. After all, the 
weaver’s plan of plaiting warp and weft has 
something fundamentally right in it, and no 
perfect texture can be produced except on that 
plan, however modified and disguised it may 
be. Looking at the perfect selection of the 
primitive instruments of industry, one is haunt(‘d 
by the idea that we are the sucee.ssors of a race of 
superior beings who inhabited the earth before 
us, and taught our prehistoric fathers some of 
the arts of life. Weft is desirable as a means of 
adding to the texture of a fabric ; but lace 
is not cloth, and a straight weft would not do at 
all for our purpose. The problem was to com- 
bine continuous threads, crossing and inter- 


218. FIRST LACE MADE ON KNITTINO FR\ME 

twining, but without showing straight lines in 
cither warp or weft. It is well understood that 
if a strong weft is vvTought on a weaker warp, 
the w'arp will be permanently bent out of the 
straight line. If, in addition, the weft is tight, 
and the warp slack, the bend will be all the 
greater. The deviation thus secured might 
not be great, but it would be sufficient for a close 
net fabric. The essential principle of net, 
however, consists in the fact that the crossing 
weft itself deviates. A weft thrown across the 
loom from a shuttle would not answei. Many 
solutions of the very difficult problem vv'cre 
offered and discarded, till the idea of giving a 
weft thread to every warp thread was hit upon. 
This idea came to three men — John Heatheoat, 
of Loughborough ; Bobiut Brown, of Notting- 
ham ; John More, of (Voydon. Dispute has 
arisen often as to tin* man who had the prior 
right. We need hardly spend time over that 
controversy. Both by law and hi^^tory it has 
lieen decided that John Heatheoat was the 
first inventor of the laco loom as we now 
know it, and to his inv^mtion the student must 
accordingly turn 
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These bars are divi- 
ded into grooves, or 
combs [221], extend- 
ing at right angles 
to their length. The 
bars, ky are fixed in 
front and behind the 
warp threads so that 
the combs form the 
segment of a circle. 
When the carriages 
containing the bob- 
bins have been fixed 
in the grooves of the 
comb bars, the two 
sets, one on each side 
of the warp, are kept 
at equal distances 
laterally and in the 
line of the warp 
threads upon which 
they are to operate. 

Shifting Bars. 
Hanging in the 
centre of the circle, 
the circumference of 
which is the combs, 
are long levers, 
named shifting or 
conducting bars. By 
those the bobbins 
are made to move like 
so many clock pen- 
dulums os('illating 


Heathcoat’s Lace Loom. Invented in 
1809, John Heathcoat’s loom [219| contains the 
principle of all the hice looms sinc(‘ used, and care- 
ful study of it will enable the student to follow 
intelligent!}" all the subsequent developments 
of lace machinery. 

Beam Rollers. Two roller Ix'ams form 
the top and bottom extremities of the loom ; 
the lover one is the warp beam, and the upper 
roller is the cloth beam. The warp threads 
are thus stretched almost perpendicularly. 

Warp Guides. Two sots of upright 
guides each carry alternat/O threads of the warp, 
acting in a manner not unlike the healds of an 
ordinary cloth loom. 

Carriages and Bobbins. Here we come 
to the first novel feature in the lace loom [220j. 
The bobbins, d, are made of two flat round di«;cs, 
connected at the centre by a short spindle. 
Round this spindle the thread is wound, filling 
up the space between the discs, f’lio carriage, a, is 
a fine piece of brass plate, with horns, r, at each 
side to slip into the cateh-bars on which they 
vork within the comb bars. In the improved 
carriage a round hole with grooves is cut in tho 
(•(‘litre of the plate, to contain the bobbin, and 
through tho head a very small hole is drilled to 
let through the thread of tho bobbin, or shuttle. 
A small spring. is screwed on to the carriage 
to hold the bobbin in place. 

Comb Bars. In the “ Old I^ugh borough,” 
as this loom was named, there were two tiers 
of bobbins There wore, therefore, two carrying 
comb-bars, extending the width of the loom. 
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along the grooves. The bobbins are passed half 
way through the warp threads by the one 
shifting bar, and are caught by the other bar and 
carried through to the other side. 

Points Bars. On each side of tho warp 
is a long bar, studded with as many points as 
there are threads in the warp. These bars are 
made to move backwards and forwards on pivots, 
the points passing alternately through the warp. 
The uses of tlu^se points shall be seen in the 
working of the loom. 

Bobbin-net Loom at Work. Having 
noted the principal parts of the loom, we can 
now observe the productive process. When the 
shifting bars have passed tho bobbins containing 


Comh 
tArouffh, 
which Carr 
Bol/huiare rnovecL 

SECTION OF COMB BAR 



A Camagi 
C Cabshtu 

220. BOBBIN AND 
CARRIAGE OF 

heathcoat’s net 

LOOM 


the thread through the warp, 
tho comb bar whi('h a(’copts 
them on the other side re- 
ceives a lateral motion equal 
to the space of two warp 
threads. If, then, the bobbins be brought back 
on the contrary side of each warp thread, each 
weft thread will have been twisted round a warp 
thread. If the comb bar in front l)e now moved 
laterally till each bobbin stands opposit<' to the 
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Rpaoc from which it started first, and the threads 
Ix) again passed through to the back and brought 
again to the front of each warp thread, the whole 
of the threads will have been twice twisted. 

Meshing. We have adopted the hypo- 
thetical tense in the foregoing because another 
operation takes place midway in the one de- 
scribed. Before being twisted, one half of the 
threads of weft must be moved to the right and 
the other half to the left. This is the work of 
the point bars. Previous to crossing, every 
other bobbin is moved so as to form a distinct 
roAV, making two rows of the whole, one a little 
behind the other*. The point bars are moved so 
to enter the first row, and then by a lateral 
movement slide till the points are opposite to 
one division further to the left of the second row'. 
The points are now advanced through the second 
row. As H result, the right side of the threads 
of the first row is in contact with the left side of 
each pin, while the left side of the second row 
of threads is contiguous to the right side of each 
pin, or point, and the w’eft threads are crossed. 
Tliis has prepared them for twisting with the 
w^arp threads contiguous to them. The threads 
thus crossed and twisted are carried up towards 
the cloth beam, and leave space for further 
operations. When in the loom, the warp is 
straight, wuth the weft twined upon it 1222|. 
After coming off, with the tension of the w^arp 
released, a fine mesh [223] is formed. 

A Clever Adjustment. When each 
row of meshing has been formed, the w’eft 
bobbins and carriages moving to the right will 
have made the end of that row^ one can*iage and 
bobbin too many at the right hand, and at the 
left hand one bobbin and carriage too few. But 
the same musl happen Avith the row’ of bobbins 
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and carriages moving to the left. To redress 
the balance, an ingenious contrivance called 
a turnahont has been invented, which transfers 
the carriages to the lacking ends, both back 
and front, restoring the full sets. By this 
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means the course of the weft from end to end of 
the piece remains unbroken, though each bobbin 
carriage of the sets changes its place every 
series of meshes the full width of the machine. 

Improvements on Bobbin-net Loom. 
Heathcoat and many other ingenious mechanics 
added improvements to the wonderful loom. 
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Most of these improvemculs, lioweva*!*, arc of 
little practical interest, because consisting in 
the adaptation of the loom to tho production of 
special fabrics which had their day of fiushion 
and then passed out of use and memory. Othert- 
made serious contributions to the efficiency ot 
the loom, the most notable being tho “ pusher ” 
device of Samuel Clark and James Mart, and the 
Levers patent. The former as a more improve- 
ment may bo briefly noted ; but tho latter, 
having become the highest form of lace loom at 
the present day, must l>e studied at some length 
by itself. 

Pusher. Always in his mind the la(‘e 
wwker had an ideal loom which would twist, 
mesh, double, twine, and loop, in all direction^ 
without check or limit. For this ideal nearl;» 
<‘very loom inventor wrought. In 1812 Messrs 
Clark & Mart, of Nottingham, took out a patent 
for a loom whic'h is thus descrilnxl : “ Tht 

carriages containing tho bobbins were pushed 
by long instruments through the warp threads, 
which bobbin threads were drawn off dowiuvards, 
and the net thus formed below was carried on a 
work beam, also in the reversed position. The 
carriages w’ere held on short combs only by the 
tension of the bobbin threads. An important 
dilference exists between the double-tier circulai 
machine and the pusher. In the circular 
(HeathcoaCs) pairs of bobbin threads, with 
their carriage's, must necessarily act together. 
They cannot be parted in operation and effect ; 
whereas in the pusher eveiy bobbin and carriage, 
being each operated upon by an indc'pendeni 
pusher just as wanted, can be obliged to proc(*ed 
in any direction, or remain at rest. Thus cloth- 
work can be made' more uniform anel cleat.” 

lud 
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The World is More Than a Machine. Some Books on Physics 


By Dr. C. W. S ALEE BY 


'T'lTEHE now remains only sufficient space to 
^ sum up the conclusions which wo have rojiehed 
after our long survey of the field of physics, and 
to make certain comments upon its (jharacter. 
In the first place it is to be noted that there is a 
whole realm of physics — not of subject matter but 
of method — to which we have scarcely alluded. 
This we may call mathematical physics. It 
would have been out of place here, but that is 
bv no means to d(*ny its cardinal importance. 
The incessant and inextricable inter-relation 
of physics and chemistry has again and again 
been insisted on, both explicitly and by ( ross- 
references. In our latter pages we have been 
introduced, very briefly, to the new scionco of 
physical chemistry, which is neither physics nor 
chemistry, but both, and which is steadily 
tending to subordinate chemistry to itself and 
to explain all chemical processes in physical 
terms. 

The Unity of the Sciences. We 

have also been constantly led to believe that 
physics is involved in all the other sciences ; 
in studying light, for instance, we saw that we 
were on the way towards psychology, or, at any 
rate, physiological psychology. No more than 
chemistry can this science be divorced from 
physical conceptions and physical methods. 
Similarly, in the case of geology it might be 
shown that these concepts and these methods 
nre all essential. The prime geological problem, 
for instance, that of the formation and cooling 
of the earth, is really a physical problem on a 
great scal(\ 

Similarly, the science of life, whether of 
animals or plants, is coming every day more 
clearly to recognise the need of physics. There 
has been entirely banished from biology the old 
conception of the vital force. The energies dis- 
played in living matter are included in the 
“ Correlation of the Physical Forces,” and the 
phenomena of living matter display not the 
smallest infraction of the universal and funda- 
mental physical law of the conservation of 
energy. In short, if we use the term Natural 
Science to include all the concrete sciences — 
physics, chemistry, geology, astronomy and 
biology — we are forced to the conclusion that 
before very long, perhaps, all of these will bo 
recognised as physical sciences or as subdivisions 
of physics — a great name which, as the reader 
will remember, is derived from the Greek word 
for Nature. 

But the material and the oV)jeclive are corre- 
lated with the non-material and the subjective. 
Hence the facts of physics have to be recognised 
even in what used to be called the mental and 
moral sciences. He will greatly err who ignores 
physics in hi^^ study of mind, as we have already 
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seen. Similarly, it has been suown, and pro- 
eminenlly by Herbert Spencer, that physical 
principles are of value in the study of sociology 
and even of ethics. 

Physics and Philosophy, In a word, 
physics is, as Bacon said, “ the great mother of 
the sciences,” and thus it is pre-eminently the 
science with which divine })hilosophy herself has 
to reckon, or, rather, we should say it is the 
science with which false philosophies have to 
reckon, and which, if it be true, renders the 
most invaluable services to philosophy. Time was 
when all the phenomena of the world, or, at any 
rate, all those which were of special interest , were 
thought to bo arbitrary and capricious. The 
idea of law, as we understand it, was absolutely 
non-existent, even in the mindj of the wisest, 
2,500 yt'ars ago. It in, indeed, very far from 
asserting its due dominance over the thinking of 
all thinking men even to-day. The growth of 
the belief in law has synchronised with, and 
depended upon, the growth of our physical 
knowledge. 

One by one, little phenomena and big pheno- 
mena have been examined, and found to exhibit 
constancy. Everyone knows how the j)hcno- 
mena of the heavens were on(;e regarded as 
dependent upon the arbitrary will of some 
(capricious spirit or spirits ; but now your 
fistronomer predicts the return of a ('omet 'in a 
century, and it arrives punctual to the day. 
Such a prediction is accomplished by the use of 
purely physical methods, and has established the 
conception of law in respect of celestial physics. 
It is only among the most ignorant and super- 
stitious in our owm country, or amongst the 
population of such a benighted country as Spain, 
where media' val ecelesiastkcisrn still holds its 
sway over the human mind, that a comet or an 
eclipse can cause alarm. The invariable rule is 
that as knowledge grows the realm of law is 
recognised to extend. Thus, if we take the 
branch of physics which to-day is least ad- 
vanced and least capable of prevision, we shall 
find, as we might expe(!t, that this is precisely 
the braiKjh in which the reign of law is least 
recognised. 

The Reign of Law. We have devoted 
some little part of our course to the study of 
meteorology, “ the Cinderella of the sciences.” 
But everyone knows how far we yet are from 
effective prediction of the weather. There is 
no sign of law, at any rate to the “ man in the 
street,” and this is best illustrated by the fact 
that petitions for fine weather or for rain are 
still sent up in our churches, though no qne 
would dream of praying thaf, in any particular 
instance, or for any particular purpose, the law 
of gravitation should be abolished. Yet the 
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changes in the weather are due to laws just as 
invariable as the law of gravitation, which is, 
indeed, one of them. 

Having successfuUy asserted the dominance 
of law within its own proper realm, physics 
has already demonstrated its dominance in as- 
tronomy and in chemistry, as physical chemistry 
is now proving. And the claim of physics is to 
assert, what every man of science believes, that 
the sway of law is universal. Every year's ad- 
vance in science brings further support to this 
doctrine. 

The Unity of the Universe. Physics 
does even more, because it is ever more positively 
asserting that the whole objective Universe must 
be conceived of as a mechanical or dynamical 
system swayed by the law's of motion, gravita- 
tion and the like. When we were discussing the 
doctrine of energy we saw the tremendous 
character of the verdicts which physics thus 
thinks itself capable of pronouncing upon the 
])ast history and upon the future of the Universe. 

The supreme service of physics to philosophy is, 
how'cver, the demonstration that the l^nivcrse 
is really a t/n^vorse. This follows in tw'O ways 
from the creed of physics. In the first place, 
it follow's from the omnipresent sway of physical 
law'. (Gravitation is true here and beyond 
Sirius. The law's of motion w'cre equally true 
a thousand years ago as to-day. We cannot but 
belie re that the Universe is one if we realise that 
its modes of action are uniform, all dillerences of 
time and space notwithstanding. 

Secondly, physics teaches us the unity of the 
T’ui verse by its grand jiroposition that all the 
maltiplicity which the Universe presents to us 
can be resolved into differing but interchange- 
able aspects of one and the same thing. This, 
as wc have already seen, is a quite modern 
discoveiy. Men now' living, and notably Lord 
Kelvin, can remember the days when the doc- 
trine of energy was first formulated. The last 
few years have amazingly extended this proposi- 
tion. In still lilrther support of the proposition 
that the Universe is really one, they have actu- 
ally enabled physicists to abolish the dualism 
that had hitherto obtained, of matter on the 
one hand, and energy on the other. 

A Doctrine Swept Away. The doc- 
^ trine of the conservation of matter, or of mass, 
has been clean swept away, and we now con- 
ceive of mass in terms of the varying velocities 
of electrons. Matter can no longer be regarded, 
Iherefore, as ultimate, and the c’oncept of cnerg>^ 
is seen to be more comprehensive than ever. 

We cannot say, however, that wc have reached 
any finality, notwithstanding the fact that w'(* 
ha ve disposed of matter. There remains the ether, 
our conceptions of which are, as a matter of fact, 
material, and are merely transferred to it from 
our conceptions of matter. Nevertheless, physics 
( an fairly claim, and with more verity every 
day, to have rendered supreme service to phil- 
osophy in demonstrating by the scientific, induc- 
tive or a posteriori method, that which the soul 
of the philosopher has always inclined to believe, 
indefiendently of any kind of observation or 
scientific proof — ^namely, the unity of all things. 


The scientist should have no prepossessions in 
favour of any view. His business is simply 
to observe and correlate facts ; but in so doing 
he finds that he is inevitably led to a demon- 
stration of that unity w'hich, in the eyes of 
philosophers, has commonly been regarded as 
a necessary, intuitive, a priori^ or self-evident 
truth. 

Physics ^nd Eternity. Wc are not 

forgetful that a course on philosophy is awaiting 
our consideration, and it will be well if from the 
hard facts of science we can construct a firm 
foundation for our philosophy. “ To the solid 
ground of Nature trusts the mind which builds 
for aye ” (Wordsworth). The doctrine of the 
conservation of energy has tw'o aspects, only 
one of W'hich is represented by its name. It 
states, firstly, that nothing is destroyed, and 
soc'ondly, that nothing is created. If this bo true 
now, as the physicist believes, he has no reason 
to think that it was ever untrue. Now observe 
the stupendous character of the proposition 
which we cannot but infer from this doctrine 
of physics. It is that there was never any 
“ creation ” as the mediawal orthodoxy, or the 
untutored child, (‘onccives of that process. If 
we go ba('k to the speculations of the great 
x^ristotle, we find that he has no idea of ereation — 
creation out of nothing. The world for him 
had always existed in some form or other There 
nev(‘r w'as a beginning. There never w'as erea- 
tion out of nothing. But the reader is well 
aw'are that certain old views of the history ot the 
world, which no educated person now regards 
as forming any essential part of the truths of 
(Christianity, w'cre implicitly believed a few 
eemturies ago. 

The World is not Merely a Machine. 

Tlius, when after a tremendous struggle* the 
philosophy of Aristotle came to be accepted by 
the medueval Chiireh, and was converted into 
an orthodox form by the greatest of its com- 
mentators, St. Thomas Aiiuinas, one ot the 
greatest men of the thirteenth century, b(*ing 
second only to Roger Bacon, the idea ot cremation 
out of nothing, which would have seemed puerile 
to Aristotle himself, and which, as a matter of 
fact, is inconceivable, was restored. Modern 
physics, however, will have none of this, and 
has gone back to the Aristotelian conception. 
The doctrine of the conservation of cmergy 
directly denies creation out of nothing, which, 
in any case, is a pseudo-idea that depends for 
its conception upon the power of words to cheat 
the mind. 

Tlie physical conception of the Universe, then 
is that of an eternal machine ; but when this 
conception is corrected by further thinking, 
and especially by the criticisms of psychology 
and philosophy, the physicist rather inclinea 
to think of the Universe as a living thing than 
as an inanimate mechanism ; rather as the 
World Tree than —as Boyle thought — as a 
mighty clock made and set going by an Almight y 
clock-maker. 

God is Behind the Universe. The 

thoughtful physicist is w'oll aware that even 
his Ijest conceptions of the Universe are only 
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relative and bymbolic. He knows that he 
deals only with a})pearanceb or phenomena. 
He has achieved the most amazing success in 
observing, correlating, and unifying them, but 
they remain phenomena still. We must not 
here anticipate too much what is to be said 
in a subsequent course, but it is necessarv for 
us to insist once again upon the different and 
infinitely nobler form which the idea of creation 
takes m the mind of the modern student of 
nature. The old idea, as elucidated, for instance, 
by Aquinas or by Dr. Paley, was that the 
Supreme Power manufactured the great clock 
out of nothing, wound it up and set it to run. 
The clock was one thing and the Maker another. 

In the eyes of the modern physicist this is no 
better than a naive materialism, which was 
quite content to regard our conceptions of a 
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clock and the matter composing it as valid and 
ultimate. The modern student of natural 
science believes, in the great words of Goethe, 
that the Universe is “ the living garment of 
God ” ; that from eternity to eternity it has 
been and will be sustained and vivified and 
informed and recreated every instant by the 
Unsearchable Power of which it is the mani* 
festatiori to us. 

“A presence that disturbs me with the joy 
Of elevated thoughts ; a sense sublim(‘ 

Of something far more deeply interfused, 
Whose dwelling is the light of setting suns, 
And the round ocean, and the living air. 

And the blue sky, and in the mind of man ; 
A motion and a spirit, that impels 
All thinking things, all objects of all thought. 
And lolls through all things.” * 

ON MODERN PHYSICS 


By far the greatest book that has ever been 
written on Physics in the English language is the 
** Natural Philosophy,” by Thomson and Tait. 
Ranking beside this is Tait’s “ Properties of 
Matter,” w'hile Lord Kelvin’s recent publication 
of his Baltimore lectures may be noted. The 
“ Encyclopa*dir Britannica” contains important 
articles (which are not easy reading, however) 
by both of these authors. 

This is not the place for a historical biblio- 
gi’aphy ; we can merely note that in any such 
list the place of supreme honour will be taken 
by Newton’s “ Principia.” 

Of modern elementary textbooks, two or 
three may be named, though none of these 
are modem in the sense of including the develop- 
ments ot the last ten years. Messrs. Macmillan 
publish an excellent “ Elementary (burse of 
Physios,” edited by the Rev. J. C. P, Aldous, 
M.A. Professor Balfour Stewart also left an 
excellent little book of “ Elementary Lessons 
in Physics,” which is popular witli students. 
More recently, Dr. C. (4. Knoll has covered the 
same groimd with a very lucid and attractive 
volume. 

The elementary textbooks do not concern 
themselves with what we may call the philosophy 
of the subject, nor its logic. They do not 
Inquire Into the validity of the fundamental 
conceptions which are presented to the reader. 
The classical works upon the exiierimental 
method and its logic are the ** Novum Grganum ” 
of Bacon and the ^‘System of Logic ” by John 
Stuart Mill [see the course on Logic], For 
discussions of the fundamental concepts of 
physics the reader may be referred to the second 
volume of Dr. J. T. Merz’s magnificent “ History 
of European Thought in theNineteenth (bntury,” 
and especially to Chapters VI. and VII., which 
are historical and critical masterpieces. Still 
more critical and more fundamental in its 
attack upon certain of our physical notions is 


the already celebrated “ Science and Hypothesis,” 
by M. H. Poinoare, recently translated and 
published by the Waltci Seott Publishing 
( bmpaiiy . 

¥ov the new^er aspects of the subject and 
for the new^ groimcl covered, which belongs 
indefiniU'ly to physics and to chemistry, the 
readei may consult several volumes. Popular 
accounts of the new ground are to be found 
in “The New' Knowledge,” by Proles&or R. K. 
Duncan (Hodder and Stoughton), and in “ The 
Recent Development of Physical Science,” 
by W. C. ]). Wlietham, M.A., F.R.S. (John 
Murray). T’he Rdntgen rays are very fully 
discussed by Professor J. J. Thomson in the 
article “ Electricity ” in the new edition of 
the “Encyclopaedia Britannica.” A certain 
amount tif matter on this subject, subsequent 
to the waiting of that article, has been included 
in our course. For what will undoubtedly 
]>r()ve to be the classical discussion of the new 
theory of matter the reader must be referred 
to Professor ,1. J. Thomson’s “Corpuscular 
Theory of Matter,” which, how(‘ver, has not 
yet seen the light wlxen these w^ords aie being 
written. Admirable books on radio-activit}/ 
and its physical ])rol)lems have been written 
by two or three English workers at the subject. 
The best of these is “Radio-Activity,” by 
Profes.sor Ernest Rutherford, of Montreal,* 
Professor Thomson’s most distinguished pupil. 
Another excellent volume, also based upon tht‘ 
distintegration theory, has been published by 
Mr. Frederick Soddy, now of the UniversiW of 
Glasgow, and was published by “The l&ec- 
trician.” The more chemical a.siiects of tliis 
physico-ohomical question wall be diseusst‘d by 
Sir William Ramsay in a volume entitled “ The 
Transmutation of Matter,” which he is now 
preparing at the instance of the present writei. 

♦ From “ Tiiit;t*rii Abbej,” wiitttu by Woidsuoi th at 
the age ot twenty-eight 


Physics concluded; joUem^ed hy Power 
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By W. S. MURPHY 


UARNESS-M AKERS require a strong, flexible 
* ^ class of leather for belts and straps ; 
pig-skin, real or imitation, for saddles ; 
japanned or enamelled hides for harness collars ; 
and various classes of brown and black leathers 
suitable for saddle flaps, skirts, and saddk's. 
S('lection of these is aid(*d by the leather factors 
who cater specially for the trade ; but the saddler 
should study carefully the different kinds used, 
and so be able to make a selection. 

Cloths. (Jirths, bands, and cloths are 
generally sold in the form required, and we Jiave 
only to cut them to length. The girths range 
fi'om 4 in. to (> in. wide, and are made of wool, 
cotton, or union. Felts, baizes, canvases, and 
checks may be bought by the web, and cut to 
suit ; felt is a handy material, making pads, 
covers, or linings for harness and saddles. 

Threads. Saddlers' threads are various, 
ranging from the flax out of which he makes 
wax-('nds, through common machine-sewing 
cotton and lint, up to flne silk. In selecting 
Ihrt'ads, it should be borne in mind that th(‘ 
weakest point in a saddlery outfit must be strong 
enough to stand much wear and tear. 

Miscellaneous Items. Pads may be 
filled with horsehair, goats’ hair, slieeps’ wool, or 
several qualities of flock, ranging 
in quality from pure raw wool, 
finely carded, down to mixi'd 
cotton and broken rags. Rye 
and w'hcat straw s are also used 
for the insides of cart collars. 

We use different kinds of waxes. 

The common brown wax is not 
suitable for light straps and 
work that must be shown on the 
harness of carriage horses. Bees- 
w'ax, white paraffin wax, and 
tallow grease are, as will be seen, 
essential to the work of the 
saddler and harness - maker. 

Emery, sandpaper, grease ball, 
blacking, and polishing jiastes 
cannot be dispensed with in the 
tini.shing processes of even cart 
harness or ploughing gear. Tacks 
for fastening the work together 
temporarily, saddle tacks for 
use and ornament, and nails — 
client nails they are named — 
for fastening the ends of belts 
and girths must also be provided. Last, we 
must not forget flour paste. This, made of 
flour and alum boiled together, joins linings, 
canvas, and inside packings togeth^T, Good, 
thick paste, with a strong gluten in it, comes 
in handy many a time. 


Ironmongery. Buckh's are required for 
the ends and joints of straps, varying in size and 
character according to the proportions of the 
belts and the class of the harness. The smaller 
buckles and joint -rings of cart harness are 
usually of tinned iron, and the large ones are 
brass. Van, cab. gig, carriage, and riding har- 
ness bu(‘kles rangt‘ from cheap tinned-iron to 
costly nickel-plated, in all the various sizes, or 
covered with leather, enamel, or celluloid. 
Lhiless specially desired by a customer, it is 
well to stick to jflain metal, because none of the 
coverings devised have given satisfaction. Tlicy 
save polishing paste and (‘Ibow^ grease in the 
harness-room : but cidluloid breaks with a fall, 
enamel eracks n'adily, and leather cuts, so that 
the expense is greater in the end. 

Bits. The most expensive item in this de- 
partment is the bit. Since over borscs were 
harnessed, the bit has exercised the ingenuity 
of the harnoss-niaker. Two opposite (pialities 
appear in the bit. On the one hand, the driver 
or rider must have command, and on the other, 
the bors(‘ should be allowed as much freedom 
in the mouth as possible. We have a large 
variety of bits from which to choose, and there 
arc always now ones coming on the market. 

Among riding hits, the Pelham 
is most gemu’ally used. This bit 
has a flat bar, long cheeks, and 
rings for both double and single 
rein. The hackney bit has a 
jointed mouthpiece, with rings 
at each side. The Wilson snaffle 
driving bit is composed of two 
rings on a jointed mouth bar, 
with a pair of loose rings on 
the bar. On the Liverpool bit 
the curb check is loosely jointed 
to the solid mouth bar, Tlie 
Liverpool is coming into vogue- 
as a carriage bit, but old- 
fashioned people still keep to 
the large Buxton bit, witfi the 
long curb cheeks curved Just 
below the mouthpiece. India 
nibber mouth bars are used for 
shy horses with tender mouths, 
and there are show bits, stallion 
bits, and other kinds and st3dc? , 
but the models described are the 
most common. 

In addition, we require to keep in stock 
winker plates of many patterns, brass-headed 
nails, D-rings, and bosses. 

Cutting Out. Leather is a costly raw 
material, and the method of cutting out [5] mnv 
makt‘ all the difference between profit and loss in 
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the business. Such a caution need hardly be 
addressed to cutters in the factory, because the 
object of the greater part of their training is 
economy of leather. But the beginner in the 
retail trade do<»s need a reminder It seems such 
a small matter at the moment to pare off a slender 
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''trip of leather from a stra]) cut off lilx'rally 
ti’om the hide : but put these parings in the 
s(*ales at the end of a week, and see how many 
Nliillings have been dropped Th'" operation of 
ciittin '4 out by press [6] is economical A\h(*n 
quantity is sufficient to cover the cost of the die 
Strap Cutting. In cutting a strap, lay 
the hide on the liench, the back towards you : 
mark exactly the breadth with an awl against 
the straightedge, and then cut with the round 
knife. Of course, if you use the plough, the 
straightedge and round knife are not needed. 
Straj)-cutting machines save labour to an even 
greater extent. Straps of all kinds should ho 
cut the long way of the hide, as the tensile 
strengih of the skin of an animal is greater from 
head to tail than across the body 

In the eutting-room of the factory, the stuff 
for each set of harness is cut and put together 
Ix'fore any part is sewn ; the practice ought to 
lie followed in the smallest of workshops. Cart 
harness stuff is not cut out in the same order as 
the stuff for carriage or van harness. 

Cart Harness. Lc'aving out collars and 
saddles, to which we shall devote separate 
sections, let us start with the cart harness All the 
parts may be* cut from hide of the same cjuality, 
excepting the AMnkers, w^hieh must be stiffer, 
,ind free from oil. For the latter, leather mer- 
cliants stock special pieces. Horses vary in size, 
but the following are average proportions ; 

Head«gear. Winkers, 7 in. by 7^ in. ; cheeks, 

2 ft. 2 in. by 1 J in. ; noseband, 2 ft. by 2 in. ; fore- • 
head band, 2 ft. by 1 J in. ; ear-pieces, 9 in. by 
in. ; chin -straps, 6 in. by 2 in. and 9 in. by 

2 in. ; w inker straps, 2 ft. by 1 J in. ; head -strap, 

1 ft. 10 in. by 1 J in. ; throat lash, 3 ft. 8 in. by 
1 J in. ; reins, 5 ft. by 1 J in. and 2 ft. 4 in. by IJin. 

Body Harness, ("rupper, 2 ft. 8 in. by 
4 in ; crupper ring, in. by J in. ; breeching, 

7 ft. 4 in. by 4 in. • hind tugs, 1 ft. 8 in. ; loin 
straps, 3 It. 8 in. by lA in. ; cart belly-band, 

3 ft. 8 in. by 3 m. 

The proportions of van and cab harness are 
quite different from the above : 
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Bridle. Cheeks, 2 ft. 9 in. by H in. ; nose- 
band, 2 ft. 8 in. by 1 in. ; forehead band, 1 ft. 9 in. 
by 1 in. ; lieadpiece, 1 ft. 10 in. by 1 J in. ; W'inker 
strap, 13 in. by 1 in. ; throat lash, 2 ft. 3 in. by j in. 

Body Harness. Bearing rein, (3 ft. by 

in. : crupper, 2 ft. by in. ; crupper billet, 

3 ft. 9 in. by 1 J in. ; dock, J ft. 3 in. ; breeching, 
7 ft. 6 in. by IJ in ; hip straps, 4 ft. by 2 in. ; 
breeching straps, 3 ft. 3 in. by IJ in. ; back 
band, 8 ft. ; shaft tugs, 1 ft. 7J in. by in. ; 
traces, 4 ft. 9 in. by IJ in. 

Riding harness is lighter, finer, and less elab- 
orate than any kind of draught harness. 

Bridle. Cheeks, 9 in. by J in. ; head 
strap. 1 ft. 10 in. by 1 J in. ; front strap, 1 ft. 2j in. 
by I in. ; tliro.it lash, 1 ft. 7 in. by | in. ; reins, 

4 ft. by 1 in. 

Body Gear. Crupper, 1 ft. 6 in. by 1 in. : 
billet, 2 ft. 4 in. ; crupper dock, 1 ft. long . 
side straps, 2 ft. 2 in. by I in. ; short cross straps, 
about lOJ in.; girth strap, 3 ft. by Ij in.; 
chapes and billets. 

liieso measurements are merely approxi- 
mate, and the minor parts require to be cut 
according to the size and quality of each job. 

Edging, Greasing, Racing, Buck- 
ling, and Blacking Straps It will 
s 1 ve us a good deal of repetition if we go through 
the proc‘Css common to all straps. Though we 
speak of nosebands, headpieces, and other things, 
all are really straps— the whole harness is 
composed of straps — that is, strips of lt*ather 
Examine a harness strap of any kind and the 
features of it that distinguish it from plain strips 
of leather, such as might be used for a razor strop, 
are indelible straight lines along its length, 
sharpness of edge, and black colour. 

Shaping the Strap. Among the strips of 
leather gathered for harness stuff we find one 
inte nded for a box strap, and with it to practise 
on, the principle of strap-making can be acquired 
Lay the plain piece of leatlier on the bench, and 
with the edge-trimmer, shaped like a crooked 



tuning-fork, trim the edges all round. Turn the 
one end over 1 in. or 2 in., according to the 
size of the whole strap, to form the holder of the 
buckle ; cut a hole near the bend for the buckla 
tongue ; shave the tumed-over part thin to the 
end ; at the same time shape the other end by 
shaving it a little, making a graduated tip with 
three sides by cutting off triangular pieces from 
the comers. 
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Creasing. By these simple acts we have 
given our strip something like the form of a 
belt, and to bring it still nearer what is wanted 
we take up the crease. Turning the screw so that 
the one creasing leg is almost close to the other, 
we warm it at the gas, and then, fitting it on to 
the side of the leather, run it along all sides, 
making a fine clear line. If another line bt^ 
desired, screw the crease wider, and draw tho 
line as before. This is an operation constantly 
repeated in saddlery and harness-making, and 
has to bo carefully done. Of course, if the 
creasing machine be used, the worker simply 
holds the strap, and tho machine does the rest. 

Racing. Racing is practically the same as 
creasing, with two differences that entitle tho 
operation to a different name and suit it for pur- 
poses the crease could not accomplish. A race 
compass is a divider with a crescent measuring 
gauge, one leg sliarp-pointcd, and the other round. 
With this instrument wo can trace lines for sew- 
ing or culting circles, semi- 
circles, turns, and twists. 

Tho second difference is 
that, while the crease only 
makes a strong, bright mark, 
the race cuts a shallow 
channel, and is therefore 
better for tracing lines for 
cutting or stitching. 

Fixing the Buckle. 

Put the buckle in the bend 
of the strap, the tongue 
passing through the hole, 
and stitch a tack on both 
sides to hold it firm. Cut 
a piece of leather 2 
broad, one and a-half times 
longer than the breadth of 
the strap ; skive the ends, 
strike it square to the breadth 
of the strap with the hammer on the loop-stick, 
and insert the ends within the fold that holds 
the buckle. This is the loop that holds the belt 
linn after it has been buckled. 

Sewing the Strap. We are now ready 
for sewing [7] Some belts or straps are sewn w'ith 
a single thread, and others with a double thread ; 
some arc stitched plain, others with a cross 
stitch, or chain, or locked stitch. The chain 
stitch Avith a single thread is most common. 
Make a thread 2^ yards long, by running five 
strands that length off the ball, twisting them 
together under the palm on the knee, Avaxing, 
and threading on a needle at each end. Run 
the pricker along the line where the sewing is to 
1)(* ; thrust the awl at a slant through tho first 
?nark of the pricker ; insert the needle in tho 
iind*‘imost side and draw^ the thread half w'ay 
thiough ; equalise the thread above and below 
by putting the needles together and pulling 
tight ; thrust the aw^l through the second mark : 
bring the undermost needl(‘ up tlirough ; send 


the needle on the upper side dowTi through ; 
pull tight. A stitch has been made. Sew 
right on till the buckle has been completely 
fastened, with the loop held in by the stitches 
as well. 

Holing. The next thing is the punching 
of the holes in the belt. If this he done by hand, 
mark the places where the holes have to be w itli 
the dividers, and then strike the holes with 
hand punch and mallet. 

Blacken wuth ink or dye the parts whitened 
wuth the cutting, then crease all over again, and 
polish with a rag. 

Making Loops. Wc have mentioned 
loops, and though the connection explains the 
meaning of the term and shows tho character 
of the article, further description is necessary 
The loop mentioned al ove is a fixed loop, })ut 
on the neck of the buckle ; but there are running 
loops of various kinds required in harness. A 
running loop is the movable band which holds 
in position tho loose end ot 
the strap or belt or band after 
it has pass(‘d through the 
buckle. Some are liard and 
squar(‘, some are ornamented, 
and others are plain and 
soft. In hand*mad(‘ saddlery, 
looping is a very particular 
and artistic bit ot w ork. Wc 
have loop-stamping machines 
with sj)ccial dies [8J. Rr(‘j)ar- 
ing for the machiiu', we cut 
the loop the length of tAvice 
the breadth and thickni'ss of 
tho belt, and skive tho ends so 
that the two joined make one 
thickness of the leather ; tlu‘n 
the die is fixed and the loop 
pieces put through the stamp- 
ing machine. 

Having made the leather tho pnqier size and 
skived it, fold over tho piece oi hard wood 
called a looping stick, and hammer nicely down 
to lorm the corners. Then drawn pattern with 
creases, dividers, and compasses, imitative of 
inlaid w^ood or in any pattern fancy &(‘cms to 
favour. 

Sewing the loop is a ticklish job, if done by 
hand. Make a channel with the racing compass, 
and stitch carefully, making sure that the 
thread catches well on to both sides of the loop. 
To draw a needle through a space half its lengUi 
in a square of stiff leather is no easy task ; 
long stitches are therefore excusable, ])rovid(‘d 
they fire firm and well taken. A method we 
think hett(‘r than using needles is the substitution 
of the shoemaker’s bristles, which, being flexible, 
allow a sharper curve in a small space. Smooth 
down the sewing in the channel, and finish off 
nicely wuth dye and polish. In this way large 
running loops for breech-bearers, traces, tugs, 


and other large belts arc made. 
Continued 
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•yHE trade of a saddler and harness-maker 
seems to have fallen on evil days. The auto- 
mobile is ousting the horse from the high roads, 
and one of the attendant results is tlie 
le.^sened occasion for purchasing saddlery and 
harness by those A\ho w(‘re wont to be the most 
lilxTal in their disbursements upon such articles. 

It must be* recognised by tlie man or youth 
who wamld be a saddler and harness- maker that 
he is about to adopt a lix elihood where the work 
is hard. In most branches of retail shopkeeping 
there are res])ites— often brief, perhaps — from 
the strain of attention to business, but the 
saddler can scare<^ly afford these. His is 
essentially a working business and can lie 
pro])<^‘rly proserutt*d only by the man who has 
acituired the skill to w ork at it with his hands. 
The high(*r the skill, of (‘ourse, the greater 
are the rewards likely to be. But the man 
who has not learned the trade, and learned it 
properly, need not think of establishing himself 
as a saddler. And the retail shopkeeper with 
many departments will be foolish to attempt 
( o add saddlery as a side line. Tlie risk of failure 
in such an attempt is almost certain. 

Tlie Saddler’s Apprentice. As the 
business is one that can be prosecuted only by 
a jiropcrly trained craftsman and not entered 
haphazard by a man from an alien trade with 
some business aptitude, it is proper to consider 
the question of apprenticeship at greater length 
than has been our practice in considering other 
trades. Apprenticeship is gentaul and necessaiy. 
'fhe term of service w\as hirmerly seven years, 
but it has become shorter in recent decades, 
and five years may now be regarded as 
the most usual teiin. Tlic period is none 
too long, as there arc a grca.t many practical 
details to he learned, and the youth w^bo has 
just completed his apprenticeship is never a 
thoroughly qualified craftsman. He must gain 
further experience for at least three years — 
preferably in a shop other than that in which 
his apprenticesliip was passed — before he can 
claim thorougli eoinpetenc*e. 

Sometimes a pri'inium is required by the 
employer, but this is now rare, as the condition 
of the trade makes it ditlieuJt for employers to 
obtain apprentices even without the premium. 
Apprentices’ w^ages vary. In many country 
districts they begin at only 2s. a week, rising 
to 9s. during tlie last year ; but in London the 
wages during the first year are usually 5s. a 
w'eek. When apprentices live -indoors, a custom 
which is becoming very infrequent, they receive 
no salary, but a little pocket-money only. 

Apprentice Duties. The apprentice has 
usually to till the part of message-boy and 
shop-cleaner as well. His tii>l practical work 
is to learn to make Avax threads of various 
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thicknesses, from three to eight strands of hemp 
twisted and dressed Avith black wax for black 
leather and wMth Ix^oswax for bidwn leatlier 
sewing. If many hands are kept this thread- 
making may occupy most of the time of an 
apprentice. In some shops the black wax com- 
position — a mixture of pitch, resin and tallow 
— is made on the premises. The ingredients 
are heated together and alioAved to t‘ool, after- 
wards being divided into convenient pieces. 

The apprentice’s next advance is to the 
r(‘sponsibilities of sewing, Avhi'li demand all 
liis care and attention, as it must be straight and 
regular. Then it may fall to him to learn the 
important department of cutting out. Most 
apprentices, however, are never entrusted with 
this work, which is most important, as judicious 
cutting means great economy and unskilful cut- 
ting heaA^y loss by waste, for leather is a very 
c\ pensi ve comm odity 

Journeymen Saddlers. The wages of 
journeymen saddl(T8 arc from 20s. to per 
week, and 308. is about the average. The journey- 
man' saddler frequently has no opportunity to 
learn the commercial side of the business, his 
time being spent exclusively, or almost exclu- 
sively, at the bench. For this reason the saddler 
is freipiently a bad business man, as he often 
starts on his oAvn account without any previous 
business experience whatever. It is worldly 
wisdom to attain knowledge at the expense of 
another, and the savings of a man may be 
diHsijiaied in a short time, Avhoreas, had ho 
obtained some commercial knowledge, say, 
as Uie manager of a branch business, or as 
assistant to attend customers or to buy goods 
and materials, he might have been qualified to 
guard and increase his capital. 

The Departments. The departments, 
if we may call them so, of the saddlery and 
harness business arc three — the manufai'turing, 
the selling, and the repairing. The saddler need 
never be idle. If his attention is not required 
by a customer he may bo doing repair work, and 
if neither selling nor repairing be possible at the 
moment he may be making something for stock. 
There is a distinct advantage in the ability to 
occupy time thus. If not making a mendiant’s 
profit, the saddlfT can at least earn a workman’s 
wage every day. 1’he rejjairing of saddlery and 
harness is an important and lucrative part of 
the saddler’s business, and should be encouraged 
by every legitimate means, chief among which 
arc the best possible work, its prompt execution, 
and the never-failing fulfilment of promises. 

The necessarily personal character of the 
business of a saddler is an important factor, and 
although customers can procure their require- 
ments at some of the large stores, most of them 
patronise the “ single- business man.” It is most 
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juiportant that collarb ana baddies should tit 
their wearers exactly, should conform to Nature, 
and not conflict with it, so that the ability to fit 
well is the first, essential for a successful saddler. 

Capital. Many saddlers start in a small 
way of business with a capital of not more than 
£100. With only this amount at disposal the 
selling stock must be small, as the greater part 
of the sum must be spent in working material, 
which is expensive. To open a medium-class busi- 
ness, the sum of at least £250 is required, and 
may take this as a typical cjise for consideration. 
With such a sum financial pressure will b(‘ felt 
in intensity as the volume of business is great, 
because credit prevails to such a large extent, 
and the saddler can seldom receive payments 
as promptly as he has to make them. 

The premises recjuiri'd must be fairly com- 
modious, but need not be in the principal 
thoroughfartvs if rents there are too high, as the 
orders are usually given by coachmen and 
grooms, and not by the masters. The slio^) fittings 
are not elaborate or expensive — a strong, solid 
bench at which to work, a counter upon which 
to cut out and from which to serve customers, 
a few' glass wall-cases for the la'tter-class stock, 
such as bits, spurs, stirrup-irons, whips, and 
brushes, plenty of hooks and brax'kets from 
which to suspend harness, a dummy horse (we 
saw a good second-hand one of full size for which 
£t) Ids. w as asked a few days ago), a rail on which 
lo show saddles, a good supply of wooden shelves 
placed at diflerent heights, and a small desk. All 
lliesc, with the necessary working tools, would 
al)sorb, sa y, £50 of the (;ai)ital. The rest of the 
money, or the greater portion of it, w^ould be spent 
upon the raw materials of the craft and upon stock, 
such as whips, horse-i*ugs. sponges, low-priced 
collars, and saddles, and proprietary articles, such 
as embrocation and harness composition, etc. 

Tools. The tools required by the working 
saddler consist of the following ; 

An ah.s()rt riM'iit of ijoedles for harness and collar 
work, two jjarin^ knives, a round knife lor thinning 
the edpi'S of leather to give a rounded appearan<*e 
ht lined straps, breeehin^r ntriqis, etc. Head knife 
tor enttinj^ < iii ular shapiJS or holes in leather, ])lou^h- 
euttin^ gaupi’ for cutting straps and belting. Spoke- 
shave to trim and finish the edges of frae<‘s, etc. 
'Three edge-trimmers of various sizes, two pairs of 
sharp and strong scissors for cutting linings, basil 
and tliin leatli(5r8. Washer cuttt^r, jiunchos in half 
a dozen different sizes, both round and oval (ovals are 
better, as they make holes in slrajis large enough 
without imjiairing the strength). Buckle tongue 
puncheB, a girth -chape punch, a brace end punch, 
a hand punch with various sizes of nqiples to screw in 
(Uiis is handy to make holes in hanioss wliilo being 
Avorn), mallet, 3 lb. block of lead, scallujung irons 
(Vandyke, round, straight, and half-rnoon), rosette 
punches, two liatninors (one fairly light), pricking 
iron, wheel jirickers, two screw races, single erenses, 
three checkers, bevoller, a flat steel nik', a pair of 
eoinpasses with screw and regulator, a pair of race 
e<nn[)assos, a h'w awl blades and hafts, bent aAvds, 
sewing awls, a hand and ])alm iron, a thimlde, a pair 
of elainjis to liold the work while being stitehed, 
nail claw, cutting pliers, jiincera, nijipers, iron collar 
rod, a vice, a small wrench, a hardwood stick about 
30 in. long having a V-shaped }Khnt for filling the 
body of collars with straw, a sU*el seal iron, loo)) 
sticks, a boxwood rubber, a straining fork, files and 
rasps, and a pair of hand vool carders. 


The whole of these tools can be bought for 
about £0. They should lx* arranged along a board 
fixed at the back edge of tlic working bench, 
loops of leather of various sizes being fixed to 
take the dilTortmt artiel(^s. “ A phwe for t'very- 
thing and everything in its place ” is a good rule 
tor the saddler who would be expeditious and 
economical at his work. 

Materials. The materials to b(‘ used for 
the making of saddlery and harness which tln^ 
beginner must buy e()mpTis(‘ th(‘ following : 

'J’hreads ef hem]), him'k Ava\, Ik'C'nw ux, t'ti*., lini'ii 
ami silk threads, iiaiJs, cut tacks of various sizi's 
clout nails, round-lieadod and lapanm'd naib, nails 
with nickel, .silvaT, or brass la'ads, nvots of all kinds, 
dyes, blackings, vamisli, ta!lovA,soft soaj), hainoss 
jet, and <'om])(>sitions. 

Flocks lor stuKmg collars, ate., borsoliair, dot's 
hair, felt for pads, k'atlioi' of all kinds, botli la own 
ami black; wi'bs ol various widtlis and eitlmn,- ; 
spurs ; stirnip-iroiis ; Jiarncss fiirmtiire in l)rnss, 
nickel, ami plated silv er ; fac(* ])iee('s and name plat<‘s ; 
tr(‘(‘s or foundations for cart, gig, and tiding saddles ; 
bm'kles in brass tind jilated in many size's ; Ds., Ss., 
(‘to. ; hip chains, bits, smilbt's, (-urbs, liames in brai-s 
and plat('d. 

('oilar cheek for lining cart collars, and saddle's ; 
bliK' Hcirge for lining gig saddles, ('te. ; vvliiti' serge 
for lining riding saddles ; kersey for making horse 
eov c'rs, bandage' serge', biiuliiigh ol all ele.seri|)t loiis, 
betli e'oloure'd and white. 


The Stock. Siiddlevs should manufacture 
most of their stock of harness and saddlery. 
Factory-made goods are somewhat lower in price 
than shop-mad(‘ goods, but tlui process of rapid 
manuftieture pursued in the fiwtories does not 
make for the best quality, and the saddk'r is 
wise in his ow'n int(*rt'sts who diseourtiges the 
factory artieh's for liis own productions. We 
may cite a finv artieh's in saddlery and Inirness 
whieli will Ix' in frequent demand w'ith the 
usual prii'es ehargi'd. Wc' eonfini' outM'Kes to 
good meditim -class artieh's. 
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(Joinple'te se*1 e»f gig harness (hand scv\n), 
brass furniture', brass-eoA e'le'd li. line's, 
paleait je*athe'r collar and sutlelh', bridle 
with Buxton or Liverpool Itil, eliuin front 
The same' with ])lat('el furnilnre' . . e'xtra 
S('])arate'ly, the ite'ms vve.)rk out thus : 


Patent leeitlie'r collar 

14 

o 

Bi-asshumes 

10 

o 

Pair traces 

Is 

0 

Bridle and bit 

. . 10 

0 

Saddle and brce'ching 

. . 2 1.) 

0 

Reins 

Jt> 

0 


Brow'll leather sets are^ eharge'd e'xtra in 
some ('ase.s. 


Rush collars 



.■> 

0 

Head collars 


from 

.■> 

0 

Ke'rsey nigs 

thing 


1 10 

0 

Ooinpieto suit ol kersew < lu 


3 .■> 

0 

Hem]) rugs for sl.ible' 



12 

0 

HrNTINd SE’TS. 





( Jentleinan’s riding saddle'. 

w it Jl 

girths. 



stiriui)s, and st irmji-le'i 

it hers. 

from 




£2 

10s. to 

0 (i 

0 

Ladie's’ ditto . . fr 

om £5 

.^H. to 

10 0 

0 

Double-rein bridle. . 


from 

1 10 

0 

Hunting breastplate 


,, 

12 

0 

Martingale.. 



.■> 

0 

PART HARXFSS. 





Per Set 


about 

:> 10 

0 

Singly, tlu' ))ri('es are about ; 





Ooilar 



h> 

0 

Homes 



7 

0 

fJart saddle' and bre'e'ching 



2 10 

0 
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Hi uile w ith bit 


£ 8 . 
14 

a. 

0 

Bi'lly band 


10 

6 

Boms 


12 

6 

HARNESS FOR LEADER 

IKORSE 

about 

4 0 

0 

Budlo 


14 

0 

Collar 


16 

0 

Ha UK'S 


7 

6 

Hip Mh ap and onippor 

Oear boJIv-band 


16 

0 


6 

0 

Backband . . 


12 

0 

(roar cliniii^ 


8 

0 

Set stick 


2 

6 


Leather. The Hiietuations in the leather 
market give opportunity to the eautious speeii- 
lator, apart from the mere manufacture of his 
saddlery and harness. Naturally, a rise in the 
price ot the raw material demands an increased 
price for the manuhiciured article, although 
many tradesmen are slow to grasp the fact. 
Within the last year leather has advanced from 
10 to 15 per cent. The man who was prescient 
enough to buy a year’s supply ahead, and also 
to advance his prices, has at least his net 
annual profit. 

In purchasing leather, the buyer must trust 
greatly to the honour of the seller, and having 
found a house that treats him well, Ije loth to 
change his market by any specious inducements. 

The price of leather varies very much. For 
instance, strained leather basil (sheepskins) has 
recently gone up from Is. 5d. to 2s. Gd. per lb. 
At present good harness backs rule from Is. 9d. 
to 2s Gd. per lb , and good harness bellies about 
Is. 3d. pel lb. White leather, which is much used 
for sc'wmg and for repairing cart collars, costs 
about Is per lb. ; hogskins from IGs. to 20s. 
each, and patent leather or japanned hide from 
3s. to 3s. lid. per lb. 

Prospects of the Trade. The effect 
of the motor-car upon the saddlery trade is 
appreciated only by those who know the 
trade well. The exten.sive services of motor 
omnibuses is an additional cause of alarm, al- 
ready acute from the extensive tollovving of the 
motor fashion by piivatc owners. Tho collar 
trade especially has been seriously affeided. 
Motois do not, and j)iobably never wall, affect 
the hunting trade, to wdiich, therefore, the efforts 
of members of the trade should be directed. 
Hunting saddles should be of the very best 
quality, as they have very hard wear. At present, 
saddles with plain flaps are preferred, but for 
poor riders saddle-flaps with knee rolls should 
be recommended, as they afford a much firmer 
grip. Saddlecloth and numnahs are not used in 
the hunting field, and it may be mentioned inci- 
dentally that saddle linings must not be patched, 
as, if they are, they are likely to cause sores. 

Jt military contracts can be seimred, it is often 
a good thing. The profits arc small, but the 
orders are large and the money certain. 

Sundries. The list of saddlers’ sundries is 
numeious. It comprises : 

Brusheg of all ports, body hriibljcs, wluhk dandy 
brushes, MjiuleboiH* dandv baHS ditto, 

water biusheh, spoke brushes (v\it}i and without 
handles), inane bruslu's, liarness and Itoot brushes, 
breeches brushes, conij>o and carnage cushion blushes. 


cloth brushes, carriage wasliing brushes, oil and hoof 
brushes, dog and stable linishes; horse toppings, 
gjg lamps, sponges, chainojs leathers, creams, re- 
\'ivere, burnishers, and glove brushes; nose bags, 
lialters and halter reins, stable fittings ; horse clippers, 
singeing lamps, scrapers, curry combs, mane combs, 
stable baskets, buckets, coaching baskets, etc. ; 
corn servers and measures, whips, hunting crops, 
wdnp sockets, thongs, whipcord, etc. ; body-belts, 
girths, singlets, rugs, liorae nets, bandages and 
rubbers, horse boots, kneecaps, body rollers, horses’ 
bonnets, etc. Blackings, dubbings, polishes, clean- 
ing pastes, embrocation oils, soaps, etc. Unfortun- 
ately the iust-inentioned articles are usually sold at 
c‘ut prices by the stores and Gprocers. Tlie saddler 
must protect himself by buying in the best market 
and making up his ow'ii blackings, dyes, etc., and by 
pushing llieir sale. 

Helps to Business. There are a few 
public functions which help the saddlery busi- 
ness, and advantage should be taken of them 
and trade pushed among the horse owmers who 
patronise them. They include — 

The (toaching Club Meet in Hyde Paik. Tiio 
Foiir-in-liand Club Meet in Hyde Park. The Whit 
Monday parade of Cart Hors(‘s in Regent's Park. 
Tho Mav Day parades ot horses m the streets, which 
do iriucli to promote tho men’s ]>ride in their horses. 

Side Lines. The desirability of remunera- 
tive bide lines for the saddler and the reason foi 
it have been already urged. Leggings and gaitei % 
are very profitable, and dog collars, leads, chains, 
baskets, and clothing are very saleable jf a little 
less remunerative. Bags and portmanteaus are 
intimately allied to the trade, and should by all 
means be put into sto(‘k. They are discussed in 
the article on Bag and Trunk Dealers in tlijh 
course, to which attention is directed, (lame bags, 
cartridge bags, gun eovses, braces, belts, and foot- 
balls can all bring grist to the mill and profit t-o 
the till. Driving gloves are articles of frequent 
demand, and yield good profits. »Saddler-made 
purses have a reputation for long life which they 
deserve, and are not to be despised ; but they are 
given to last too long, and when we hear of 
one which has stood the strain of daily handling 
tor tw^enty years, one feels tliat the benefit has 
been all with the purchaser and not with the 
saddler who made and sold tho article. 

Credit and Profits. As already men- 
tioned, the business is chiefly of tho credit order, 
and yearly and half-yearly accounts are the rule. 
The tiading, both on the sales of articles bought 
and on the manufactured work, should show a 
gross profit of about 33J per cent, on the return. 
Repair work ought to be more remunerative, 
chiefly for the reason that the proportion of 
material used is generally small, and the price 
is made up of labour which should always carry 
larger profit than merchandise. 

The objectionable practice of bribing the ser- 
vants of customers has l)ecome common in the 
saddlery trade. Once adopted, it is most difficult 
to abandon, and tlie best course is to refuse to 
countenance it in any form. The man who takes 
this stand will maintain his self-resj)ect, win Ihe 
respect of his customers, and find it remunera- 
tive in the end. The new law which has comi* 
into operation (January 1907) ought to suppress 
the practice if it is rigorously enforced. 


CorUimied 
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OBOE point tlie fingers downwards— not upwards, 

When “ reeds ” are referred to in an orchestra, as for flute playing. ’JMie left hand negotiates 

they are of two kinds — single and dou ble. The the lop joint, and the right hand the middle 

single reed is that which vibrates ag.ainst the joint. Do not rest the second joint of the first 

framework of the mouthpiece (referred to in left finger on the instrument. This habit spoils 

the article on the C/larionet). Of the double freedom in playing. Kmnember that there must 

reed family, the chief member is the Hautboy, be no stiffness in manipulation. (Virve the 

or, in Itaiian, “Oboe.” Here the tone of the fingers. Raise tliem alx)ve the lioles, just 

instrument is elicited by blowing through two sulfieient U> allow the air to escape. If the 

slips of pliant cane, placed (me against another lingers are liftt'd high it is impossible to get 

in sudi a maimcT as to leave a narrow channel ra])idity in execution. A peculiarity in hautboy 

between them for the passage of the breath. ]>laying is tliat the holes must not l)e covered 

Two tongues, bound firmly together with silk, by the tip of tJu‘ finger, hut, as in the bagpipe, 
are fasteiu‘d ovei‘ one end of a thin metal tube _ by th(‘ fiesliy f)art of the first joint, 

known as the “staple.” I’he opposite end y-ini This is interesting, In^caiise it shows the 

of this staple fits into the npjier orifice of the f) rclationshijv of the hautboy and the hag- 

hautboy itself. According to the size of the pipe (‘banter to th(‘ pastoral musetU.*. 

instrument and its pitch, so do the dimensions Bui. unlike the l>agpipi% which requires 

of the double reed vary. In choosing the i digital strength of a steely charaett'r, the 

reed, appearance is the only guide, although y hautboy as a solo instrument, espeeially 

this is not al>\ays a surt* ime. The best cane [[SV' A orchestra, d(‘mands a oombi- 

of brilliant yelloAv, with the bark lustrous. ^ { L£f r nation with force of the maximum 

Pale (Mne giv<‘s bad tone. What is wanted Kj j delicacy if the pe(‘uliar sweetness of 

is a r(^d neither too hard nor too soft, ^ I its tone is to be produced in a Ilex - 

Tile formei* sounds unpleasantly shrill, ITyL '' manner, so that the intermediate 

Nvhilst the effect of tlie latter is woolly, shad(‘s and va!icU(‘s of expression 

and lacking in vibration. Good hautboy controlled artistically, 

players aie generally adepts at making tO' u \ Choice of Instrument. The 

theu‘ own reeds, Ix'causc* no one can judge 9"^ j material of which hautboys wer(‘ 

•^o well as the player himself what best ^ ^ formerly made was freijuently l)Ox- 

sLiits liis own lips and teeth. ^1 MOod. To-day it is agretal that 

An ideal reed possesses justness, (‘x- 3 - ^ either rosi^wood or elionite givf's not 

actness. and equality in vibration. These ojffv a fuller, but a more dcli(*atc 

lequiremcnts depend, oi course, not alone W tone-qu.ility. The stnd(*nl should b(‘ able to 

on the colour or the fibre of th(‘ cane, |>iocure a reliable second-hand instrument 

Init on Its precise lengtli, thickness, propor- ot modern ty])(‘ for £ 0 , or less. For the mo^t 

tions, and the way in Mhieh tJie two tongues ^ip beautifully finished new models the price may 
are disposed opposite eacJi other. As the AJl \ be as higli as £40, the cost varying according 
charm of the hautboy greatly depends on the &al to the nuinbei of keys, tlie maUTial, and 
good (piality of its tone, and as this, wlnm kj the system on yhich the instrument has Ix'Oii 
(he double reed is once fixed, is governed by V ^ manufactured. It the hautboy is not new, it 
the manner in which the latter is placed should In* carefully examined t-o sec* that there 

lietweeii the lips and blown by the player, the are no eraeks in tlie tube. A bandsman, on 

performer’s attitude, when holding the iristru- j \ returning from India, will sometimes he only 
ment, is of no small importance. (r too glad to dispose, very cheaply, of an in- 

Attitude. If the hautboy is held like th(‘ thk strument, the tube of which has split in the 
< lcirion(‘t, the student will neither do justice to oiu>k tropics, 01 lias developed other faults. These 
liimselt nor to his instrument, Ixvause there (mul.iii, ocA*ur most frequently in boxwood or (‘bony 
is as much difference between blowdngatube ‘ ^ instruments, whiehare very bridle, and liable 

with a single and a double r(»ed as there is liet ween logo wrong if dio])p(‘d. 

firing off a gun w ith a single and a double barrel. The hautboy is l.n- more sensitive than the 
Th(‘ idiosyncrasies of each implement, whellu'r larger orchestial wind instruments. It is 

as regards tone or trajectory, must be studied. therefore veiy d(*licate. But tlie lieauty of 

Place the hautboy in a straight line from the its tone, when masteiixi, more than corn- 

mouth. then let it slant downwards till the right ])ensates for the care the possessor has to 

thumb, holding the middle portion, is about bestow upon it. The stud(‘nt should theie- 

six inches from the l)ody. Keep the head erect. fore re.solve, from the beginning, to stiive 

Rest the hands ligiitly on tlie instrument and to obtain tlie most expressive sound-quality, 
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and always improve upon it. Once a bad tongue be strong or weak. The more advanced 
tone-production has been acquired, there is vhe student gets in his studies the more mmdful 

nothing more difficult than to get rid of it. should he be of the object to which he is en- 

A remarkable feature of this little instrument deavouring to attain. He should aim at a 

is that its shrill and piercing character will beautiful tone-quality rather than mere rapidity 

cleave its way through the tone of a hundred of execution. It is well to imagine that a 

violins. If well played, it will stand out like severe critic is always listening to one’s practice, 
a tliread of finely-spun gold on a groundwork The two lips of the player and the two lips 
of velvet-pile. On the other hand, it will be of the reed should work together with such har- 

like vitriol if the instrument is blown in a monious flexibility that the fact of the initial 

wrong w'ay, although tliis very stridency of its vibration being due to the pulsations of air 

tone makes the hautboy invaluable in a military forced between the reeds from the lungs should 

band w'hen leading troo]Ks. be dismissed from the mind of the |)erformer. 

The Tone. The soul of sound is put into The Breath. Make no noise in taking a 
Ihc instrument not, as in the case of the violin, fresh breath. Keep the body still. Bt'causo of 

hV Ihe right hand, but by the mouth of the the tiny aperture in the reed, the performer feels 

The tongue and breath of a wind that he cannot breathe freely into liis instrument, 

din i-nentalist do all that the violin bow achieves and has a sense of holding back wind which is not 

Ijo 15 per ^instrument. When treating of th<' fully used. But one mistake which beginners are 

^Tjugh to buy f'r, we have seen how much hns to -HT)t to make is to employ more breath than is 
^jTadvanee h^‘^ ed by therefore, necessary. Since i. aperture in the reed is so 

filial prof)^ the hautboy is to be brilliant, small, the art is to supj)ly jusu much air as 

and effoctive, much depends is required, and no more. As soon^-/>-ua^ he has 
1 tlie eorreet way in wliich the tongue and the mastered the playing of .single notes, takel^jng a 
ringers of the player harmonise together. Before fresh breath for each sound, the player should 
inserting the reed in the mouth, draw^ the endeavour to link together a group of notes so 
low't'i' and iq ncr lips over the teeth. This as to make a musical sentence by one respiration, 
makes a soft cushion on which the reed may It is because of the breathing difficulty that fre- 
rest. Place the tip of the n'cd in the middle ot (juent pauses are given in hautlioy music, during 
the mouth, not so far as the staple, but about which the player can exhaust, or reinforces his 
one-tliird of the length of the cane. Fix the lungs. The hautboy player, if he desires to 
r(‘ed in such a way between the lips that it may excel, must carefully study the management of 
not altei' its position. As in the clarionet, his breath. At the beginning of a phrase, suffi- 
the pressure by the lips on the reed is slack cient air should be inhaled to suffice for the 

for the low^ notes, and firmer for the high ones. number of notes slurred together. If a habit of 

Having inserted the reed in the mouth, let reading ahead is cultivated, breath-control w^ill 
the tip of the tongiu' toucli tlic end of the cane. give little trouble. The (*areless player, who 
It must do this so as to close, temporarily, reinforces his lungs unnecessarily tor a short 

the channel of air between the two slips of cane passage, and omits to do it before a long one, 

which fonn the double rccd. Fill tlie mouth soon becomes fatigued and exhausted, 

with air by drawing a long breath. C'ompiess A long phrase on paper docs not always 
the cheek muscles sufficiently to cause the reed demand as much breath for its performance as a 
to vibrate. Withdraw the tongu(‘ (juiekly, so comparatively shorter one. If the former is 
that the breath j)asHes between the reeds with }>layed softly in quick time, and the latter loudly 
moderate force. Tliis method of attack in the in slow time, the shorter group of notes will 
tone is technically know n as “tonguing." require, obviously, a larger reserve of wind power. 

Tliis delicate instrument needs considerable care. Avoid taking a fresh breath in tlio middle of a 
After each time the hautboy (or oboe) is used phrase. If this is necessary, inhale what is called 
wipe it out by means of a piece of silk wrapped a “ half-inspiration ” quickly, in such cases it 
over a stick. Occasionally tlu^oints nc(‘d greas- is better to have too much breath than not 
iog. For this purpose mix together a little enough, because if, when the player reaches the 
melted Ix'cswax and tallow. If the jiomts of any middle of a phrase and finds he has more than 
of the springs squeak, put on a drop of sew’ing he needs, there is little difficulty in letting the 
machine oil with a leather. Always keep the surplus escape, so long as he takes care to 
screw’s of the keys tight. Should a key fail to act, reserve enough for the completion of the 
carefully unscrew^ it, clean it with leather, and passage. 

replac*e it. When the instrumi'nl has been taken Compass. The compass of the hautboy is 
apart and j>ut together again, make sure that two oeta\es and four notes, from B below first 
the finger-holes are in an exact line. In adjusting ledger line treble clef to F above third ledger line 
the reed into the headj)iece, the oval part of the over the staff. But the best notes are from (1, on 
reed should be parallel with the fingerboard. the second line to C on the second ledger line 

If tlie leed docs not vibrate freely, scrape it above staff. If we reckon by the church organ, the 
till it lieeomes more transjiarent. Do not make hautboy, from its lowest 0 to the B above, gives 
it too thin, or the top notes wrill be very difficult what is known as the “ two-foot ” tone. But as 
to produce. In that case, slightly curtail the two semitones belonging to the four-foot octave 
end of the reed. With a sharp knife cut off a are produced by additional holes near the bell, 
jiieee very smoothly. According to the c*haracter the measurement somewhat exceeds 2 ft. from 
of th(' note required, so must the attack of the end to end. This extra length considerably 
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enriches the tone- quality of the instrument, 
which formerly was shorter than it is to-day. 
As the hautboy is difficult to play when on 
the march, its parts, in military music, are 
written as simply as possible, rapid passages 
and arpeggios being avoided. In a brass and 
reed band, however, a couple of hautboys 
sustaining notes in the harmony considerably 
add U> the effect of tlie general tone. For solo 
playing the student must prepare himself to 
execute a good many complicated passages. 
Nevertheless, the hautboy appears at its best 
when it is given in the orcht'stra a plaintive 
melody of a pastoral character. Ihilike the 
clarionets and ffiites, it sounds the actual pitcdi 
of the notes written in the music. 

Hautboys possess 12, L‘}, 16, 17, or 111 keys 
l)esid<*s rings. 'J’he prices range, for new in- 
struments of rosewood or ebonite, from £8 to 
£^0. The model most generally used has 15 
keys and two rings, and costs about £10. In- 
struments of tht‘ lat(‘st ])atlcrn give the low B^. 

Fingering. As regaids the fingering, there 
is considerable res(‘mblance in the hautboy to the 
flute. The natural scale of the tube, if no keys 
are used, is D major. With the k(‘ys, B, 

and the low B^ are produced beyond the ordin- 
ary holes by metuis of additional vents pier(*ed in 
the lower part of the tube. From the Bb, there- 
for(‘, to tlie extreme top of the compass, this 
instrument gives not only the diatonic, but all 
the chromatic intervals, those almve tlie tirst 
octave being obtained by increased pressure of 
the breath. This acceleration of the vibration 
virhin the instrument causes the upper harmonic 
partials to sound. The highest notes are elicited 
by cross-fingerings. Unlike the clarionet, the 
hautboy docs not, however, jump off in tone a 
twelfth higher with extra lilowing. The increased 
lorc(‘ supplied produces the octave, as in the 
flute, over the lower notes played with slacker 
lips. Although the tone of tlu* instrument 
cannot be dcscrib(‘d as resonant in volunn*, it has 
a peculiar, })cnetrating quality so that, unless 
carefully piodu(;ed, the sound is unpleasantly 
nasal and piercing. To understand the iingeriiig, 
the tirst pihnt is for the student to locate the 
six open lioles. In the cheaper niod<‘ls none of 
these ha\o rings. Ref(‘r now to the illustration. 

Starting at the top of the instrument, these 
finger-holes are marked F, E, D for the left hand, 
and (', B, A for the right. Being in the upper 
part oi the tub(', the holes are convimiently 
und(‘r the fingers of the player. Rest the 
instrument on the right thumb by the plate 
provided for the purpose at the back of the 
j(unt. Iffit down the first left linger over the 
F hole, the second left finger over the E hole, the 
third left finger over the D hole, and close the 
< B, and A holes respectively by the first, second, 
and third right fingers. In modern instruments 
certain keys have double branches. Thus, the 
fourtii left finger, touching No. 6 key, or the 
left thumb touching No. 10 key, by opening 
the same vent, enaliles some otherwise diffieult 
passages to be played with ease. Having closed 
all the six holes, put down as well the first, 
second, and fourth keys. Blow softly, and this 


will give the lowest note, B 7. For the B tf, 
use the same fingering without the first key. 
For the low C employ the same fingering, but 
with only the fourth key. 

(lose all the holes likewise for the OiJ, but 
only use the third key. For D tf, close all the 
holes, without using any of the keys. For the 
or E l7, keeping all the holes closed, either 
the fifth or sixth key may be employed, as most 
convenient. To produce E open the lowest 
hole, keeping the others closed. In the same 
way, F ^ will be obtained with the addition of 
the seventh key. F J{ is played by opening the 
fifth as well as the sixth hoh*. For G open 
the fourth hole. Keep this fingering for (J J, 
adding the lughth k(‘y. For A, open the third 
hole. Use the same fingering for A^, adding, 
as convenient, cither tlie nintli or the tenth key 
For B if, close only the top hole. For 
close only the second hole, or the first, vith the 
elevtmth key. Blowing with more pressure than 
for the lowest regist(‘r, ])nt down th(‘ fingers on 
all the holes again, excepting the top one, tor T. 
and use the fourth key. Or leave all thi“ holes 
open, and iis(' the fifth key. 

A third way to get this note is to put down 
the tirst finger on the top hobs and use the 
twelfth key. To get D, on the fourth lino, close 
all the holes exeejit the top one. For D jj» keep 
to the same fingering, but half eovtT the top hole, 
and use either the fifth or sixth key. For E 2, 
open the hot tom hole, keej^ing the others covered, 
and add the thirteenth key. For F k(‘ep th(' 
same holes closed, Imt use the seventh key. 
Open the tvo bottom holes for P Jf, using the 
thirteenth key. For the G Ij, open th(‘ three* 
bottom holes and put down the thirteenth key. 
Use* the same fingering, adding the (‘ighth key, 
for G For A jj, open the four bottom hole's, 
using the thirteenth key. (’over all the* he)le.s 
except the third, and add the thirteu'uth key 
fe)r A Fe)r B, e'ovc'r all the lie)l('s (‘xce'pting 
the se'oond, and add the* fifth ke*y. Or, if nieue* 
e^onvenie'iit, only covfT the to}) hole, using the 
fourteenth key. For ( eover all the holes exe'e pt 
the first and sixth. This is an example e)f what 
is called cross-fingering. Feu’ (' 2*, add tlu' 
fourth key. 

Opem the third hole, half eover the te>p he)le*, 
and still use the fourth key, for 1). For D 
atlhe*re te) the same fingering, but ele)se‘ the bottom 
hole and use the st'cond instead of the fourth key. 
For E, half close the top hole, (juitc* close the 
second, third, fifth, and sixth hok's, leaving the 
fourth open, and using the tiflh, eight, and 
thirteenth keys. For F, half close the top hole, 
close the second Jiole. the fifth and sixth, using 
the fifth, eighth, and thirti'i'nth keys. For 
Flf, half close the top hole, close the second, 
fourth, and fifth holes, using the fourth, st*venth, 
eighth, and thirteenth keys. For (f, on th(* 
fourth ledger line above the staff, close the top 
and fourth holes, blowing with special force. 

If the student following these directions 
makes out for liiraself a diagram such as we have 
furnished for the clarionet, he will well impress 
the method of manipulation upon his memory. 
Somt* notes, however, have quadruple fingering; 
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but to avoid confusing the beginner, every 
possible combination has not been pointed out. 
Although to get the two-foot tone for the low 
register slower vibration is passed into the reed, 
so that the whole of the air in the tube may 
form one long segment, for the one -foot tone 
that segment is harmonically divided by quicker 
pulsations until the top notes, which lie in the 
six-inch octave, are reached. By practice a cres- 
cendo can be obtained on the lowest notes, or a 
diminuendo on the highest, without in any way 
interfering with the pitch. 

K\. 1 . 


breath is taken in, playing successively C, D, 
E, and F ; G, A, B, and C ; and so on up and 
down the scale. Do not be satisfied till the two 
octaves can be played from low to top C in one 
breath, and from the top to the bottom in the 
same way. From C major proceed to G major. 
Treat that key in like manner. Next try D 
major with two sharps ; A major with three ; 
E with four, and so on, treating each key in 
the same fashion. Continue by studying the 
Relative Mmor scales, beginning very slowly 
with A minor [Ex. 2] 



Scales. For the study of correct articula- 
tion the daily practice of scales is indispensable, 
both ascending and descending. First try these 
diatonically in tones, with occ'asional semitones, 
and then chromatically, only in semitones. Both 
the major and minor scales should be studied. 
Play these at first very slowly, and listen 
attentively so as to get a good quality of tone. 
When this has been mastered, accelerate the 
speed to obtain rapidity of execution But 
tone-quality should always come before \clocity. 


Hc’.e observe the Fjf and G J in going up, 
and the G t) and F t| in coming down. With 
diligence, the student must familiarise himself 
equally with the Mmor as with the Major modes 
of each key. The accidentals introduced will 
also make practice of chromatic passages easy. 
Management of the breath being so important 
m hautboy playing, and modern music being so 
prone to semitones rathei than whole tones, 
particular attention should now be given to 
the chromatic scale. 


Ex 




Tiy the scale of C majoi, through tvo octaves. Chromatic Playing. Exercise 3 gives a 
descending, after ascending, in the manner passage in which no fewer than twenty-five notes 

given. [Ex. 1. ) arc linked together by a single slur, indicating that 

Here we have four crotchets in each bar, they arc to be played successively in one bicath, 

repeating the same note. Practise this exercise the fingers mcanwliilc running up the scale 

with the metronome set to 40. This is the through two octaves by a senes of half-tones 

lowest time marked Then, instead of crotchets above the low G. To execute repeated passages 

play quavers, so that to each beat two notes are like this requiies considerable skill, 

blown, and the same sound is made in eac h bar Taking this passage, the student should first 
eight times. Without altering the medronome, link each two notes together. Thus, play the 



but quickening the stroke of the tongue, then try low C and the D smoothly with one breath, 
semiquavers. Four sounds to every beat will Repeat this four times in one bar. Take the 
now be produced, so that each note is repeated Dt? and D jj. Repeat them in the same way. 
16 times in every bar. Then take the scale in a After going \\p and down the two octaves in 
different way. Write it out on music paper this manner, put an imaginary slur over every 
without repeating any note. three notes. Play C, D [7 and D jj in one 

Practise linking one note with another. breath, so as to make four triplets of the same 
Blow the C and B, the E and F, and so on, sounds in each bar. Next link D!7, D 1^, and 
each coupled with one breath. Then make Et? together. Repeat them in the same way, 
a slur over every four notes, so that no fresh and go up and down the chromatic scale, always 
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shifting the first note a semitone at a time. 
Having linked together three half-tones, try 
four. Take D tf, El? and E 1^, in the 

same way. Next group five notes together, 
then six, and afterwards seven. By this 
manipulation and breath control are acquired 
simultaneously. Moreover, writing out sueh 
exercises is excellent training for familiarising 
the eye Avith musical manuscript. Tliis often 
distresses an amateur, who has confined his 
attention to printed notation. When he first 
begins to play a sere >nd-o hoe part in an orchestra, 
unless he has accustomed himself to manuscript 


the player iiiseits the A above and repeats the G 
-p - ^ quickly, mak- 


^ ing a little trq>- 

let on the 

^ iLMSiiaMMML third note of 

^ group ot 

tour, without 

_J A'ppogiafura.s 

ar(‘ slippe^d m 

much in the same Avay, tin* Grace notes being 
written small so that the largei notes may be 


WVilte'ri ^ — — — [;_ m 


n: 




exercises, he is placed at a disadvantage, 
is iinabli‘ to decipher the handwriting of the 
given him. Gontmuing this study, group 
together, now% eight semitones — viz,^ C, 
J) ?, D 13, E 1?, E b, F, G b and G t Play 
that passage with one breath on the first 
beat of the bar. Rejieat the samt‘ phrase 
on the “two,'’ “three,” and “four.” Start 
th(‘ next bar tiom the Dt? ; the thinl bar 
from the D ^ ; and so on. Never be 
satisfied until every sound m each phrase 
is articulated clearly and in a flowing man- 
ner. Now link together nine notes from^ 
the (’ to the A [? inclusive. Then ten half- 
tones, from the to the A b ; eleven from 
the V to the B ; twelve from the C to the 
B t| ; and then thirteen from the G, includ- 
ing the above. By this time the 
beginner will have mastered playing with 
one breath a complete octave. While he 
should not lest content with this, he should 
not make the mistake of attempting the 
imfiossibie. What appears difficult at first 
Avill become easier with repetition, provided 
the time devoted to daily practice is care- 
fully planned. 

The Trill. The fihake^ or trillo^ is 
the alternate repetition of a note wTitten 
wdth one the next degree in jiitch above it, 
and needs eareful practice [Ex. 4 ]. 

Take the scale of I) major, and play it 
slowly. Now, after the D, articulate th(' 
note above, E. Repeat the i) and E four 
times, ending with the D. Proc*eed with 
the E, linking it with F;|f. Repeat E, F, 
as indieated, before going to F> and G ; 
G and A ; and so on, up to the D and E 
above. The shake depends for its charm 
upon the evenness and smoothness with 
which the waves of sound are elicited. 
Familiarity with chain shakes will make 
what are known as passing shaket^ simple 
[E^ 5]. 

Here, where the turn occurs over the G, 


and more emphasised [Ex. 6J. A good player can do 
part practically any kind ot solo work with this in- 

/ strument, which is cayiablc, m its medium 
compass, of rayiid execution and considerable 
liveliness. 'I’he ambitious student who 
takes up the oboe with the object of ejuabty- 
ing for a place in an orchestra is, therctoie. 




THE COR 
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leeommendod to studv the oboe parts 
of standard orchestral works : Haydn’s 
“Seasons” and Symphonies, Mozart's 
Symphonies ; the solos which occur in 
Beethoven’s “ Pastoral ” Symphony, and 
m Rossini’s “ William Tell ” ; or m 
other familial operas, such as Welier's 
“Oberon” and “ Ficischutz,” and Auber's 
“ Masaniello.” 

COR ANGLAIS 

What the basset born is to the claiionel, 
the cor anglais is to the hautboy. 

Between the two instruments, however, 
come two instruments of the same double- 
reed family. First, we have the Oboe da 
(Weia, for which there is a part in Bach’s 
“ Christmas Oratorio ” ; secondly, we have 
the Oboe d’Amore, to-day used in the Ba(*h 
Choir, at the Brussels Conservatoire, and 
elsewhere. This stands a minor third 
lower than the ordinary hautboy. It is, 
therefore, like the A compared to the C 
clarionet. The tube being longer, the 
lower notes are mellower, and, as was for- 
merlv considered, more sentimental ; hence 
the name. But when parts occur in read- 
ing old scores marked “ Oboe d’Amore ” 
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or “ Oboe da Caccia/' they are usually 
transposed and played either on the ordinary 
hautboy or on the cor anglais. Of late years 
the latter instrument has been much improved, 
both os regards facility in fingering ana purity 
of tone. 

Cost. The cost greatly depends upon the 
make which the student desires to purchase. 
Complete, with leather sling-carriage and reed- 
box, a well -seasoned rosewood or ebonite oboe 
d'amore in A, with German-silver keys, new, 
can 1)0 obtained for about £10. A cor anglais, 
with ir> keys, in F, costs about £11. With 17 
keys and real silver fittings, as much as 1C or 
guineas, respectively, is demanded. In appear- 
ance, the oboe d’ am ore is like a big ordinary 
hautboy. But the cor anglais has the mouth- 
tube, to which the reed is attached, curved and 
bent towards the player. The bell, or bass end, 
of the instrument, instead of hemg concave, like 
the hautboy, is convex, or bulbous. 

Fingering. Except that the keys are 
rather larger, and the holes somew’hat further 
apart, the fingering is precisely the same as on 
the hautboy. The scale of the cor anglais is 
two octaves and a fifth — from E, third space 
bass clef, to Bl?, first ledger line above treble clef. 
Such are tiie actual sounds produced. But if 
we examine one of the most familiar instances of 
the use of this instrument, which occurs in 
Rossini's Overture to “ William Tell,” we shall 
find the part given to the cor anglais in the score 
placed in the bass clef. This is the Italian 
custom. To-day. hou<'vei', instead of repre- 


The Reeds. Although the rough-and-ready 
drone-reed of the Highland bagpipes in producing 
tone is the same in action as the hautboy, tho 
pipe-reed does not come into contact with the 
player's lips. The more musical the oboist 
the more sensitive are his lips, and, for obtaining 
the different registers of pitch by variation of 
lip-pressure, it is necessary that the double reed, 
upon which the lips and the tongue operate, shall 
pulsate with the utmost responsiv"cne8s, so that 
the player may not be hindered by the cane being 
unduly stiff or soft. The reeds here arc largei 
than those for the hautboy, but otherwise are 
alike in detail. 

The Tone. For cantabile, or slow move- 
ments, the expressive quality of the cor anglais 
stands unrivalled ; but the instrument is not 
adapted for rapid passages. When well played, 
its lower notes are rich and exceedingly beautiful 
They possess a tone-fragrance which distin- 
guishes this instrument from all others in the 
modem orchestra. For that reason composers 
make more and more use of tho mysterious 
‘‘ colouring ” which the cor anglais, judiciously 
used, gives to an orchestral tone-picture. To 
subdue the tone, it was formerly customjiry to 
cover the wood of the instrument with leather, 
which also prevented its cracking. But that idea 
has been discarded. Meyerbeer, in the “ Hugue- 
nots,” Gluck, in “ Orpheo,” Berlioz, in tho 
“ Symphonie Fantastique,” and Halevy, in “The 
Jewess,” have all (‘mployed, \vith telling effect, 
the low% plaintive, mysterious sounds of the 
cor anglais. 

Bcetlio\en has a fine trio for two hautboys 



senting the instrument an octave lower than its 
real sounds, the cor anglais is written for strictly 
jiccording to the fingering, and treated .as a 
transposing instrument [Ex. 1]. 

This arrangement of writing in the treble clef 
adapts the cor anglais to the ordinary hautboy 
fingering, so that the larger instrument .auto- 
matically speaks its part as desired, a fifth below, 
in the sam<‘ way as obtains wuth the clarionets. 
The key signature of the cor anglais alw^ays 
contains, therefore, one sharp more, or one fiat 
less, than that in which the music really stands. 
When a part for this instrument occurs in an 
orchestral score, one hautboy only is usually 
employed at the same time, because the part tor 
the second hautboy player is dispensed with, that 
being allotted to the cor anglais. He is thus 
spared, when the composer scores in the treble 
clei, the trouble of transposing his part a fifth 
higher. Standing in the key of F, and speaking 
a fifth lower than the ordinary hautboy, if the 
8(‘cond hautboy player suddenly takes up the 
cor anglais, he has enough to do to suit his lips 
to a diffcient reed and adapt his fingers to 
the larger key mechanism without having the 
perplexity transposing at sight to attend to 
as well. 


and cor anglais. Op. 20, and, in tho opening of 
Act III. of “ Tristan,” Wagner uses the instru- 
ment in a masterly manner. But all these 
instances are for sustained effects. So, although 
the cor anglais is the outcome of a rustic pipe, 
it is not adapted for lively melodies. For the 
beginner, who can use it in place of the hautboy, 
it is of considerable advantage' to learn, bw'ause 
he must be prepared to take it up at any time if 
he becomes an orchestral performer. 

This article would not be complete without 
mention of the fourth member of the family, the 
Oboe Basso, now obsolete. This, however, was 
almost synonymous with the oboe lungo, or 
olx)c d’amore [see also Oboe], 

BASSOON 

On account of its human quality of tone in 
the higher register, the bassoon is frequently 
called the “ Vox Humana ” of tho orchestra. 
In some respects it is singularly like the violin, 
because the musical ear of a player is mainly 
responsible for correct intonation. Moreover, 
an old bassoon, like an old fiddle, improves with 
age. By reason of its delicacy and sensitiveness, 
this instrument endears itself in a remarkabh' 
way to the player. If he attempts to force its 
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tone he gets out of it nothing but a succession 
of grunts or squeals. It will not be coerced, but 
can be coaxed into doing many charming things. 
By employment of this instrument, Haydn, 
Bach, Beethoven, Mendelssohn, and other great 
composers have achieved wonderful effects. 
Unfortunately, the bassoon is not always 
reverenced by musicians as it ought to be. It is 
looked upon as the clown of the orchestra. But, 
although Mendelssohn has made it imitate closely 
the braying of an ass in the “Midsummer Night's 
Dream,” in funeral marches it is used with awe- 
inspiring effec't. 

It is because of the spiritual qualities of the 
bassoon that the player who wishes to qualify 
for an orchestra should possess exceptional, 
rather than ordinary, musical gifts before he 
seeks to excel in it. If the student has an 
opportunity of hearing a soloist like Mr. James, 
the principal player in the London vSymphonv 
Orchestra, he will realise how expressive is the 
bassoon when artistically treated. 

The Dulcino. In orchestral scores this 
instrument is generally designated by its Italian 
name, “ Fagotto.” This, in old vTitings, is 
Sfielt “ Phagoti,” from “ phagos,” a faggot, the 
apj^earance of the instrument being thought to 
resemble a bundle of sticks. The part it plays 
is an octave below the cor anglais, and a twelfth 
— not an octave, as is generally thought — below 
the hautboy. In Italy, a boy is put to the 
bassoon at the age of ten. He is given the small 
model, known as “ Dulcino,” to play. On 
acTount of its size, this is more suitable for his 
lingers. Then, after two or three years, he can 
take up the ordinary-sized bassoon, just as a 
child who has learned the rudiments ef violin 
playing on a half or three-quarter sized instru- 
ment can go to one of full size. 

The ordinary bassoon is, in reality, a tube, 
mostly of wood, eight feet in length. As an 
eight-foot pipe would be unwieldly for the player, 
this is doubled up. 

The Parts. The bassoon consi. ts of live 
parts, known as (1) the crook, (2) the ving, (.*1) 
the butt, (4) the long joint, and (o) the bell. 
Fitted together, these parts form a carefully 
graduated hollow cone. I’his tapers from a 
fraction of an inch at the reed to less than 2 in. 
diameter at the bell. The extreme end, however, 
is not the widest internal part of the instrument. 
Like the cor anglais, it is made bulbous, the 
extremity being constructed so as to subdue the 
effect of the Wl-note. By doubling the tube, 
the instrument itself measures only 4 ft. Ttiis 
phwes all the holes within the reach of the 
lingers, the vents being pierced obliquely through 
the substance of the wood, so as to bring them 
more conveniently under the two hands of the 
performer. The ‘small brass tube, which re- 
sembles a Latin “ S,” gradually increases in size 
intemally, being fixed at its wider end into the 
wing. The latt/Cr is also known as the tenor 
joint. The wing, in its turn, fits into the butt. 
This is called, also, the lower joint. Here the 
bore is bent back upon itself through a solid 
block of wood in the shape of the letter “ U.” 
the base of the “ U ” having in it a cork, or 
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sometimes a sliding tube, from which the con- 
densed breath of the pljiyer can be emptied. 
The lower joint, or butt, fits into t\ie long joint. 
This is termed, also, the bass joint. On the top 
of the latter is fixed the so-called “ bell,” also 
known as the small joint. 

Having built up the parts, let us look at the 
keys. Three of these are fixed to the wing, or 
tenor joint. The longest key is the C, the short 
one A, and the third, pointing downwards, OJ. 
These are all worked by the left thumb. In the 
butt, or lower joint, the first key is Bb, the 
second E, the third F, and the fourth G tf. The 
right thumb manages all these. Tlie first right 
finger negotiates the Bb key, connected with 
the first -mentioned Bb, controlled by the right 
thumb in the same way that the third right 
finger has control of the open key in A, worked 
also by the left thumb. Beside the open A key 
are the keys of G5 and F. Above the F is 
another key controlling F^. These three — 
Gif, F, and FJ — are managed by the right 
little finger. In the long, or bass joint, the left 
thumb uorks the first, or oi)en D key. Then 
come Eb and G5, both negotiated by the left 
little finger, as well as the two last keys, B and 
Bb, the two latter, together with the open 
top 0, being managed by the left thumb. 
Bassoons have 16, 17, 19, or 22 keys, according 
to their system of manufacture. The ordinary 
model has the 17 -key mechanism. 

Compass. The compass is from B[?, 
second ledger line bass clef, to Ab. second space 
treble clef ; but extra key-work and cross 
fingering enable the F above to be readied. 
Thus we have a remarkable range of three and a 
half octaves, giving the entire chromatic scale, 
some notes having triple fingering. Music* for 
the basvsoon, consequently, is written in the bass 
clef, the tenor, and, o(‘casionally, the treble clef. 
But the action of the player's lips has a great 
deal to do with producing notes of different pitch 
with similar fingering. What is known as 
” loose lips” is employed, if we begin at the 
lowest note in the bass, up to the lowest (i. 
From the A, first space bass clef, the B, (\ D. E, 
and F, with theii- semitones, are played with 
what is called the natural emhonrhure. On the G 
above comes what players call a ” eliange.” 
For this note the lips are “ pinched.” They aie 
drawn in more and more the higher the pitch 
becomes in ascending the scale, so that foi 
extreme top notes considerable pressure is 
needed. 

Reeds. This humouring of the notes by 
the lips makes the choic e of n*eds a matter of 
importance. If the cane is unripe, it will be 
spongy and give a poor tone If it is ripe, it 
-will be of golden colour. The cane should, 
preferably, come from Southern Italy rather 
than the South of France, the former having 
more resilience. Bassoon reeds can be purchased 
at music shops from a shilling upwards. 

“ Guaranteed ” reeds are to be had from two 
shillings, singly, or thirty shillings a dozen. 

Attitude. The chief weight of the instru- 
ment is thrown on to the playei's left shoulde?* 
by means of a leather strap. This is fastened 
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by a swivel through a metal ring at the lower 
joint in the second band below the wing. Hold 
the instrument obliquely from left to right in 
the hollow of the hands. The bell must point 
upwards in the direction of the left shoulder. 
Place the left hand at the level of the player’s 
breast, and the right hand lower down. The 
lower portion of the instrument should come 
behind the player's right thigh. Keep the body 
(‘rect, and the head upright in a natural position. 
The bassoon crook should be turned slightly 
towards the right. Do not move the elbows to 
accentuate fresh phrases. 

Draw the lower lip over the teeth, so as to 
form a cushion. Before fixing the reed into the 
crook, moisten the former. Now put the reed 
in the mouth. Place it between the middle of 
the lips, so that both lips press against the flat 
sides of the reed. In this way it must be held 
securely, and not allowed to shift when the lips 
tighten or slacken for the production of high or 
low sounds. The left side of the reed should 
point slightly upwards, so that it rests in the 
mouth obliquely. Let both lips cover it nearly 
as far as the first ring of wire 

The First Sound. With the left hand, 
close the first, second, and third holes in the wing, 
or tenor j(unt, by the first, second, and third 
fingers. Having done this, shut the aperture be- 
tween the reeds by projecting the tongue. Take 
a full breath, but do not puff’ out the cheeks. 
Whilst neither pinching the lips unduly, nor 
letting them become loose, pronounce the word 
“ too.” Articulation of this syllable w’ill cause 
the tongue to retire sw'iftly from the reed. This 
w'ill force the air through the aperture. The 
j*esult will give C, second space bass clef. As 
soon as this note is elicited, sustain it while 
counting mentally four beats in slow' time. Make 
the tone of equal strength, and do not allow it to 
jump off eith(*r to a higher or low'er pitch [Ex. 1]. 



too t(Mj .... too 


How comparatively small is the diameter of 
the long air column, which pierces this bulky, 
doubled-up wooden instrument, is not usually 
realised. Take any other tube in the orchestra 
giving an eight-foot tone, such as the euphonium 
or bombardon, the metal of which is hammered 
thin, and it wjII Ije perceived that the air column 
in the latter is far more ample than in the former. 
It is this fact, combined with the initial vibra- 
tion of the double reed, which gives the bassoon 
its characteristic tone. The tone -quality of 
a wind instrument is governed, first, by its 
embouchure, or manner of the blowing, and, 
secondly, by the dimensions and length of the 
internal air-column, rather than the thickness 
or special substance employed to enclose that 
column. The student will, therefore, understand 
how important it is that the internal passage of so 
delicate an instrument should l)e kept clean. 

A bassoon requires almost as much nursing as 
a rifle in which smokeless powder is used if it 
is to be handled with the best effect When dirt 
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accumulates inside, it not only flattens the pitch 
but the articulation becomes false, and some 
notes are very difficult to produce. The student 
when he has finished his daily practice should 
invariably turn the instrument upside down 
to let the water run out. In addition to this, 
whenever there is time, take each joint apart to let 
the air penetrate through the tube. Wipe it out 
carefully by pulling a worsted cleaner through 
every joint. If the instrument is put away 
damp, the wood will swell and soon rot. Every 
three months it needs careful overhauling. 

This should be done after it has been practised 
upon for some hours. If the instrument has been 
put aside for some time, it cannot be cleansed 
so satisfactorily. Having taken the joints apart, 
clean out the crook by passing a long cjuill through 
both ends. Then withdraw' the quill, and fill 
the mouth with clean water. JMow it through 
the crook until the tube is thoroughly washed. 
Pass a wad of linen tightly through each joint 
to take off the thickest layer of dirt. Take out 
the cork, or sliding tube, in the butt. Carefully 
take off the keys, or the pads will be spoilt by 
the next operation. Now introduce a quill 
dipped in the l)est salad oil Having oiled each 
joint, excepting the crook, allow the instrument 
1o stand for a w'hole day, so that any unnecessary 
accumulation may be thoroughly soaked. Wipe 
out afterwards each joint with some dry linen 
until it comes through unsoiled. 

The Fingering. Having produced the 
first sound, C, by blowing steadily through 
the reed, closing the first, second, and third 
holes in tlie wing of the bassoon, the student 
should now proceed to (*onnect the C with 
the D above, the E and F, with the B below, 
and so on. If the student follows the succeeding 
indications, and turns to the chart in the (Clarionet 
article Ipage 4790J, he can make out a similar 
one for the bassoon. This will impress the 
fingering on his mind. The six o^ien holes are 
stop})ed, as has been noted, by the first, second, 
and third fingers of the left and right hands, the 
former negotiating those in the tenor joint, 
or wing, and the latter those in the lower joint, 
or butt. In addition to the holes, in the ordinary 
mechanism there are seventeen keys, to which 
system we will confine our attention. 

In any case, the majority of the keys are 
manipulated by the fingers of the left hand 
the right fingers being used only for keys 
7, 8, 9, and 10. This is made clear by the 
illustration on the next page, which shows th(‘ 
entire instrument, with all the keys, front and 
back, with their numbers. 

With this as a guide, we may learn how every 
note is produced in the compass, including ill 
accidentals. But it must first lie understood that 
the vOne of the bassoon is capricious. Like the 
violin or the trombone, its correctness of intona - 
tion depends greatly on the musical ear of the 
performer. So much is this the case that every 
good bassoon requires different treatment. A 
first-rate player cannot, therefore, do himself 
justice on a strange instrument unless he is given 
time to become familiar with its peculiarities. 
J.«ike the hautboy, the bassoon gives the 



MUSIC 


consecutive harmonics of an open pipe, its pitch 
being an octave below the cor anglais and a twelfth 
lower than the hautboy. Closing the tliree 
finger-holes for the left hand, the bassoon thus 
speaks C, whilst the hautboy would give O. 
Closing the six finger-holes, the bassoon, like 
the flute, speaks G, whilst the hautboy sounds 1). 
But, unlike either the flute or hautboy, we have, 
l)elow those closed notes, a range of deeper sounds 
in the bassoon, these being obtained below the 
natural scale of the instrument by means of 
extra vents near the bell, which nullify the effect 
of the constriction at that part so that the lowest 
note is not G. The bassoon gives no fewer than 
eight semitones below it, till Bt7, second ledger 
line below bass staff, is reached. 

The Lowest Notes. To produce this 
Bt7, close all six holes and put down keys 1, 3, o, 
and 8, as well as the right thumb-hole at the back 
of the bottom joint. Blow with a very loose lip. 
Having produced this note in slow time, to get 
Bf, keep to the same fingering, but add No. 2 
key. Blow as l^efore. For the bottom C use 
the same fingering, but release keys 1 and 2. 
Cy, or above, is produced by the same finger- 
ing as C, with No. 4 key added. Dt] is sounded 
in like manner, except that keys Nos. 3 and 4 are 
not employed. For Dt or E!7 above, keep to the 
same fingering, adding No. G key. For Er, use 
the same manipulation, without keys Nos. 5 


carries us into a fresh harmonic region of the 
tube. As regards different qualities of tone, 
the management of the bassoon reed by the 
lips may be compared to the production of the 
voice in singing. From the lowest Bt^ on this 
instrument to the G above we have the reed 
blown with a loose lip, in the same way that, 
for producing the deepest notes of the lar^mx. 
the singer allows his vocal cords to slacken and 
breathes abdominally. At this point, from the 
G, first line bass clef, the bassoon player uses 
the natural embouchure, or lip pressure, on the 
reed, just as a singer gives a normal tension to 
his vocal cords when eliciting what are knowm 
as “chest” notes. P»’esently, from the Cilj 
in the fourth* space to the extreme top of the 
bassoon compass, the tension of the lip on the 
reed will be increased, so that it is set into 
vibration in a manner called “ j)inciied,” analo- 
gous to the way the falsetto voice makes the 
vibrating segments smaller in the head notes. 

Formerly great composers used the bassoon 
mostly in its low^est and normal registers ; 
but, owing to improvements in the tuba, and 
other brass instruments, the higher register of 
the bassoon has been found to stand out in 
better relief by Wagner, Tschaikow'ski. Dvorak, 
and other modern composers, and the higher 
notes are given, in consequence, more and more 
prominent'c. The ambitious student, tlierefore. 


and G. Keep to the same fingering for FJ, but 
do not close the right thumb-hole. 

For FT, or G'^, add No. 7 key. (lose the 
six finger-holes for Gfi, but use no keys. For 
G tf, or A 7, add keys ff, G and 9. Release the 
third right finger for A£, putting dowm No. 7 
key. Here do not blow any longer with the 
loose lip. but use the “ natural embouchure ” 
for the reed. For B^, or A keep to the .same 
fingering, but release No. 7 key, closing the 
right thumb-hole and putting down No. 10 key. 
Another Avay of getting this sound is to stoj) 
all fingerholes except No. 5, closing right thumb- 
hole. For Bf^ stop only the first, second, third, 
cxnd fourth finger-holes, using No. 10 key; or 
close holes 1, 2, 3, and 5, together with the right 
thumb-hole. Now’ we come to i \ w^hich is easily 
produced hy fuitting down the first, second, 
and third left fingers, and blow’ing in a natural 
manner. Merely add No. 11 key for ('J; or 
(‘lo.se the first, second, and fourtli lioh^s only, 
using No. 9 key. For D:lr, put down the Ist 
and 2nd fingers only. Di is sounded in the 
same way, adding No. 12 key ; or pat dowm the 
first and third left fingers, closing right thumb- 
hole. For Et* put down only the first 
left finger and No. 9 key ; or, instead of 5 
this key, close the right thumb-hole. Ft- ^ 
a semitone above, is the note sounded when ^ 
none of the holes of the bassoon are clo.scd tm 
nor keys are used. This, therefore, is the 
“ open note ” of the instrument. For Ft, close 
the three low'cr holes and add No. 8 key. For 
G7, which on this instrument need not be quite 
the same as Fp. close all the holes except No. 1, 
using No. 8 key. 

The “Vox Humana*’ Register. Ti^e 
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•should pay parlicular attention to producing, 
bc'autifully as possible, the semitones, from 
the G to which we now refer to the octave G 
above, this being the “ Vox Humana ” portion 
of the scale. To produce this G, fourth space 
bass clef, close all the holes except the top one. 
Stop the latter to check the tone with the 
octave G below, slackening the lips for that 
purpose. As the scale is ascended in semitones, 
it is an excellent practice to check each fresh 
sound obtained by means of the corresponding 
octave-tone below. 

To get (tj. use the same fingering as for 
G CJ, clothing all the holes excepting the top one, 
but adding keys Nos. 6 and 9. f’or At|, close 
all the holes (‘xcept No. 6. If the tone does not 
come readily, cover also the right thumb-hole. 
For the close the first five finger holes, 
using keys Nos. 6 and 10 ; or, close the bottom 
hole, leaving No. o open and not using No 10 
key. For BJ, close Nos. 1, 2, and 3 holes and 
use No. 10 key. 

Tenor Clef. It will be found that the 
notes for the sounds hitherto made are usually 
written in the bass clef. Now that we come to 
the ledger lines above the bass clef, (‘oniposers 
find it more convenient to employ the tenor 
clef, with on the fourth line. To produce 
this note, merely put down the first three left 
fingers, as for the octave (' below, but tighten 
the lips. For the Cj, employ the same finger- 
ing, closing the right thumb-hole and adding 
No. 11 key; or close the first, second, and 
fourth holes, using No. 9 key. For Djj, close 
the first and second holes and use No. 9 key. 

There are three ways of producing 1)2 above, 
(dose all the holes except No, 3 ; stop only the 
first and third holes and right thumb-hole ; or close 
only the first and second holes, using No. 12 key. 
For Efl (fifth line tenor clef), close only the first 
hole and use No. 9 key ; or close all tlie holes 
except No. 2, using no keys. For Ft|, close 
the second, fourth, fifth, and sixth holes, 
putting down Nos. 6 and 9 keys ; or, close the 
first, fourth, fifth, and sixth holes, using Nos. 6 
and 9 keys ; or leave o|:>en all the holes, using 
No. 8 key. For F2» close the second, third, 
fourth, and fifth holes, using No. <S key. For 
GiJ, close the second, third, and fourth holes, 
using No. 8 key. To get close only the 
second and tliird holes ; or, in addition to 
these holes, close No. o and use the ffih key. 
For A 1J, close only the first and second holes, 
using No. 13 key ; or close the second, third, 
fifth, and sixth holes, using keys Nos. 5, 6, 
.ind 9. 

For B!7, close all the holes, using keys Nos. 
8 and 13. For Bt[, close holes 1, 2, 4, and 5, 
adding keys 8 and 13. For the top C, put down 
the first and third left fingers and first, second 
and third right, closing right thumb-hole and 
using keys 8 and 14; oi, wuth the same keys, 
leave the second and third holes open ; or, with 
the same keys, close the first, second, fourth, 
and fifth holes. This example of cross fingering 
will show how much depends on getting well 
into the mind the exact pitch of the note to 
Ik? sounded. For the top CJJI, put down only 
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the first left finger, using keys 9 and 14. For 
the stop also the fourth hole. For Dt|, 
leave all the holes open, using keys 9 and 
14. Leave all the holes open for E'?, using keys 
9 and 15. For Ej^, which needs considerable 
lip-pressure and strength of blowing, leave all 
the holes ojten, using keys 9 and 10. 

The top note of all, F Ij, is produced by closing 
the second and fourth holes. Accomplished 
players can still further extend the compass 
upw\ards, although it requires, much ^practice. 
But the notes are seldom wanted, because they 
can be executed more easily on the hautboy. 

Exercises. Upon this groundwork the 
student should be able to construct various 
progressive exercises. There are many depart- 
ments of study, proficiency in w'hich can only 
be achieved by constant repetition and intelli- 
gent application. The beginner, as soon as his 
lips and lungs get fatigued, should stop practice. 
Many students do themselves more harm than 
good by practising too long at first. Practise 
slowly, in every key, first the major and then 
llie minor scales. 



Two distinct methods of articulation are 
presented by legato and staccato playing. 
In the former each note must glide into its 
neighbour, one breath being used for an entire 
passage. Tn the latter each note must be 
rapped out cleanly by the tongue-tip. Tiiere- 
fore the syllable “ too ” is only articulated at 
the beginning of a slurred group. In playing 
staccato, however, give a “ too ” for each beat 
of the rhythm as w^ell as the first of the bar, 
as in Ex. 2. 

DOUBLE-BASSOON 

Every ambitious bassoon student should 
cultivate also the double-bassoon ; it strengthens 
the blowing powers of the lips, and thus im- 
proves one’s tone-production. As is the ease 
after exercising one’s muscles wu’th heavy dumb- 
bells and going back to those of customary 
weight, so the double-bassoon, when one goes 
back to the smaller instrument, makes the latter 
easier to articulate. The impressive grandeur 
of the eontra-fagotto is often indispensable, 
partic'ularly in the C minor Beethoven Symphony, 
Yet, in an average orchestra, bassoon players 
are seldom competent to perform the part. 

In pitch, the double -bassoon is an octave 
below the instrument last described. There is, 
however, a demi-contra-fagotto in F, at an 
intermediate pitch between the ordinary and 
double -bassoon. But the instniment with 
which we now deal possesses an extreme com- 
pass of three octaves, containing every semitone 



of the diatonic scale throughout that range. 
The top octave need not trouble the student, 
as parts are not written for it. The instrument 
consists of a conical tube upwards of sixteen 
feet long, the diameter ranging from a quarter 
of an inch at the reed to four inches at the bell. 
Nevertheless, this instrument is no longer, 
in appearance, than the ordinary bassoon. Tt 
is curved, not twice, but four times, so that 
it measures about four feet from end to end, 
and is thus conveniently manipulated by the 
performer. 

According to the aeoustic'al 
divisions of the tube, so are the 
holes pierced. To make the 
stopping and opening of these 
holes possible by the fingers, a 
s})ecial mechanism is provided. 

On the bassoon, “open” holes 
are operated on directly by the 
first, second, and third fingers of 
both hands. Tn the contra- 
bassoon, in place of these holes, 
saddle-shaped recesses represent 
the six opcm notes. These con- 
trivances are situated so that 
tlii'ee of them can Ix^ worked by 
the left, and three others, lower 
down, by the right, fingers. In- 
stead of the tips of the fingers 
depressing these concavities, use 
for that purpose the middle joint 
of each digit. This is far less 
fatiguing to the player, as the 
holes are then closed with the 
assistance of the fore-arm muscles. 

The other keys — for sharps and 
fiats— although larger than in the 
bassoon, are the same to the 
touch. As there is double the 
length of tubing, this is, of 
course, the heavier and more un- 
wieldy instrument. 

Price. A don ble - bassoon 
costs n(^ more than a pair of kettle-drums, 
and should be regarded, by societies, as of 
almost equal importance for enriching the tone 
at a public performance. An excellent double 
bassoon can be purchased for £15, but it is 
sometimes possible to get one at an auction- 
room tor half that amount. Brass bands in 
the ^lidlands and elsewhere, desirous of winning 
j)rizcs at the big competitions, can add consider- 
able richness to their tone, and soften the harsh* 
mss of other instruments, by utilising the 
splendid bass gi\en by the E S? contra-fagotto. 
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MUSIC 

now supplied in brass somewhat cheaper than 
the model in wood. 

The reeds cost about ,3s. 6d. each. The reed 
resembles that of the bassoon, but is larger. 
To secure accuracy of intonation, it does not 
require the same nicety of lip-pressure. This 
advantage enables an average bassoon player 
to aeciistom himself quickly to the larger in- 
strument. No matter in what key the niusit' 
is written, the double-bassoon, giving all the 
chromatic intinvals, can execute accident u Is 
as easily as naturals. Tliere is 
difficulty in discriminating 
the different notes by the toucli 
without looking at the instrument 
when playing. Situated at the 
back of the low’cr jenut. and 
worked by the right thumb, i.s the 
U'dffn' - Ice}/. A double - bassoon 
performer should remember to 
use this key frequently, to blow 
out the moisture w'hicli accumu- 
lates. I’o preserve the in- 
strument it should be clean(‘d 
out much in the same way 
as has l)een described for 
the bassoon. 

Fingering. With the modern 
mechanism, the fingering is 
almost analogous to the ordinary 
bashoon, but the stud“nt who 
wishes to go further into the 
question is referred to the 
Appehdix of Satzenhoier’s 
“ Ncue Praktische Eagott- 
Schule,” published by Zimmer- 
manii, l^eipzig. 

\MK‘n properly played. tlu‘ 
double-bassoon is ca})able of pro- 
ducing extraoi'dinary effects. To 
g(‘t the lowest notes rccjuires 
considerable practice. Erom the 
A written in first space bass 
clef, to the A above, sustained 
sounds are faiily easy. Rapid passage's aic 
undesirable, and almost impossible ; l)ut the* 
deep throbbings of the low' pedal notes art' 
magnificent, as, for examjde, in Handtfi’^ 

“ Eirew'ork IMusic," Haydn's “ CVention," and 
Wagner's dragon musie* in “Siegfried.” In- 
deed, most of the great composers have availed 
themselves of the deep double- bassoon notes. 
Jt should be rememlHTcd that the })art written 
for this instrument stands an octave higlu'r 
than the actual sounds, tor convenience in 
notation. 


Oboe, Cor Axt.i.xis, and Bvssoov canrlodel 


4901 



Group 10 

TELEGRAPHS 

TELEGRAPH 

APPARATUS 

4 

Conti iniP(J from 

PHt'e -HITO 

The Germ of Telegraphy. Rules for Direction of Current. The 

Needle System. Conventionalisms in the Telegraph Service 


By D. a KENNEDY 


A LL the principal systems of modem tele- 
^ graphy arc based on the relations which 
r xist between current'bearing wires and magnets. 
Tiiese relations are discussed in the first seven 
articles on Electricity It will be assumed that 
these have already been consulted by the 
leader. 

In 18*20, Oersted, exptTimenling ^^ith a battery 
ajid \vires and a compass needle, found that vhen 
the current-bearing ware was brought near the 
com})ass the needle was deflected. It may be 
said that this was the germ from which has 
giown the immense system of telegraphic eom- 
niunieation, and before proceeding with this 
section, the student should turn to the section 
on Electromagnetism (page 561), and thoroughly 
iamiliarise himself wuth every feature of this 
classical exper' nent. Figs. 20, 21, 22, and 2$, 
<ai page 561, illustrate facts of fundamental 
importance. 

Rules for Direction of Current. 

Mnemonics enabling the student to connect the 
direction of the current with the direction of 
the force due to its magnetic field are of great 
practical value, and there are several available. 

Ampere suggested that we suppose a man to be 
swimming in the wire with the current, and with 
his face towards the compass needle. The N 
pole is deflected to his left hand, Maxw’cll pre- 
ferred the “ corkscrew ” rule — namely, that the 
forward direction of the current and the direc- 
tion in w'hieh a N pole is impelled are associated 
in th(‘ same w^ay as the forward direction of an 
<jrdinary eorkscTcw, and the lotaiion of its 
handle. 

Another simple rule is to look at the face of 
a watch, and imagine that the current is passing 
from the observer through the watch, from back 
to' front. The resulting field would rotate a 
N jK>le in the same direction as the hands of 
a watch. 

One of these rules should he selected by the 
student and fixed in the mind by thorough 
(‘X peri mental testing, so that he will be able to 
determine the direction of the current in a wore 
from the deflection of a magnetic needle, or 
\ioe versa. 

The Needle System. In 1S87, Wheat- 
stone installed the first practical telegraph 
lietween London and Slough, and it is a remark- 
able fart that the same inventor subsequently 
produced the high speed automatic system which 
to-day is used to transmit nvWly all our Press 
telegrams. 

Wheatstone's original instrument survives in 
the shape of the single-needle telegraph [6 and 7, 
page 4385]. It is so named from the fact that 
the signals are read from the motions of a needle, 
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and the word “ single ” is retained in the title 
because this type was evolved from predecessors 
having at first five, then four, and then two 
needles. Fig. 15 is a view of the dial of the 
receiving instrument. Normally, the needle is 
vertical, and, as indicated on the dial, the signals 
are made by various combinations of right and 
left deflections. The needle in front of the dial 
is non-magnetic, and merely acts as a pointer. 
It is, however, mounted on the same axle as the 
magnetic needle, which is placed in the centre of 
the receiving coils, as showm in 16. The receiving 
instrument may Ix'st be considered as a direct 
development of Oersted’s experiment. Imagine 
a small diagonal-shaped magnet mounted on a 
horizontal axis, and adjusted so that, normally 
under the action of gravity it remains vertical 
1 17]. If we now bring a vertical current- 
bearing wire in front of the magnet, it will 
deflect to one side or the other according 1o the 
direction of the current. It the current is w^eak 
the deflection will be very small, but if we bring 
the wire over the top and down behind the 
magnetic needle at the same distance, we can 
double the deflecting force. Carrying the wire 
up the front again will treble the deflecting force, 
and, continuing the operation, we form a vertical 
coil, and we note incidentally that the deflecting 
force is dependent jointly on the strength of the 
current and the number of turns, or, as explained 
on page 562, on the ampere-turns. 

For convenience, two coils ar(‘ made, eaeli 
containing an internal chamber large enough to 
allow the magnetic needle to oscillate. Wlien 
they are fixed in position on the horizontal 
brass bai, the magnetic needle is entirely 
enclosed. 

The instrument shown in 16 is not a modern 
form. It has been introduced U> show the lino 
of development. It was found that, owing to 
the joint effects of constant motion, and the 
demagnetising influence of the magnetic fields of 
the varying currents, fhe permanent currents 
rapidly deteriorated. 

Varley's Induced Needle. The remedy 
was supplied by Mr. S. A. Varley, who, in 
1866, devised the induced single needle shown 
in 18. He provided two large permanent 
magnets, and substituted a small soft iron needle 
for the oscillating permanent magnet. The 
N poles of the two bars are brought down near 
the iron needle, so as to “ induce ” magnetism 
in the latter 1 19]. 

The single needle is one of a now large class 
of instruments which are sensitive to direction 
of current. They are called polarised. The 
“ induced ” method of Varley apjiears in nearly 
all polarised instruments. The student will 
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notice that the bar magnets have their N poles mnction to perform, and the student who takes 

downwards, because in the northern hemisphere the trouble to ascertain what it is usually 

this direction is in agreement with the vertical finds that in the process his mind has taken' 

component of the earth's magnetic field. The such a grip of the subject as will enable him* 

Varley form, in -combination with a tapper afterwards to reproduce the connections from 

commutator [see 6, page 438/)], has been much memory. As an illustration, we may, in the case 

used by the Post Office. of the single needle, give a rough diagram [20], 

Depression of the left tapper connects the showing the state of things when the left tapper 

battery to the line, and sends a current in such is depressed. Similar rough diagrams may be made 

a direction as to deflect the needle of the receiving to show the state of affairs when the right tapper 

instruments to the left, wliile the right tapper, is depressed and also when both are depressed, 

on depression, makes the connection in such a After this exercise there will be no difficulty 

way as to cause the current to traverse the in seeing that the object in carrying the connec- 
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15. SN rlial 16. toil, carl) lorni 17, Vcilical iiiamictic needle dt'tlected l)^ field of curnnt-beurni!; wne 
18. Varley’fi ijidiiccd cod, shouiiij; 'sijjnallin^ needle 19. Vailei’t, iii<lnecd cod (scctio?i) 20. of Si\ ujtli 

ttipper commiitatoi 21, Tapper comniutatoi with left tappei deples^ed 22. Diop-liiindle coniinutaioi 23. 
nolctti needle (side view) 24, .S]»ajiiioIetti need h' (front tien) 

ciicuit in the reverse direction, which causes tlie tions through both tappers in Ihe manner .shown in 
needles to defleet to the right. 19 is to prevent the short-circuiting of the battery 

Circuit Diagrams. Fig. 20 is a diagram by the simultaneous depression of both tappers, 
of the connections of a single-needle station. Conventionalisms. Figures 20 and 21 
The student who is unfamiliar wath telegraph give the opportunity to mention one or two 

connections may find it a little puzzling, and it conventional rules. It may be noted that the 

may cheer him to know that those which follow battery is connected so as to have the zinc 

are much more simple. In this, however. or negative pole at the left side and the copper, 

and all other cases, the really earnest student or positive pole, at the right side. This practice 

Avill not content himself with merely looking at is invariable in the telegraphic w orld, and may 

the lines given here, and tracing them out. He be fixed in the mind by using as a mnemonic the 

should analyse each case for himself. Each word Z IN 0. The circles represent battery 

wire shown in a connection diagram has some terminals, and the mnemonic may be extendt'd 
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to include the direction in which the voltaic 
ciuTent flows by noting that the direction is 
from Z to C (IN) the cell. 

In 21 it will bo noted that the top of the 
needle has moved in the same direction as the 
current. All needle and galvanometer instru- 
ments are made to conform to this. A third con- 
vention is the use of the terms “ up ” and ‘‘ down.” 
Since between two stations there is only one line, 
the terms really apply to the stations. In 
England, London, or the station ncarcvst London, 
is usually called the “ up ” station, and the other 
the “ douTi.” Once this has been decided, 
the line may be joined up without fear of con- 
fusion. At the up station it is 
called the “down” line, because 
It goes to a “down” station. 

A\hilc at the “down” station it 
i*^ an up ” line. 

At an intermediate station 
there are, of course, two lines, 
and both titles are in evidence. 

'Phe single-needle coils are wound 
to a resistance of 200 ohms, and 
HHjuire a working current of 
about 20 milliamperes. Small 
}K)rous pot Leclanche cells are 
usually cmjiloyf'd for the battery 
l>ee page 4(’4). For working a 
numlH*r of stations on one line 
the needle instrument has l>een 
found sjx^cially suitable, and it 
has been extensively used for 
this purpose on railway lines. 

Instead, however, of the tapper 
commutator, a form called the 
<lu>p handle is used wliich is 
nianipulatt'd by one hand. The 
handle has three j>ositions — namely, centre or 
normal, left and right, the tuo last producing 
d'llections in the opposite directions. The 
arrangement is shown diagram matically in 22. 
rile handle, H, mounted on the axle. A, lias 
two metallic parts, L and Z, insulated from 
each otlier. To 0 and Z arc connected the 
poles of the battery, B. S and T are two 
strong sjjringfi which normally jiress against 
the biidge piece, B, and so maintain the con- 
tinuity of tho circuit. Lf, now, tlie handle is 
pushed to the right, C will press against S, 
forcing the latter away from P, and Z will make 
conlac't with T. As a result, a current flows via 
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deflect to the left, as will also the needles at 
all the stations on the line. On railway 
circuits there may l^e • ny number up to 
twenty. 

On such lines the receiving instrument is 
usually of the Spagnolefti form [28 and 24 1. 
The magnets are of horseshoe shape and the soft 
iron needle is made in two parts, one being the top 
and rear end of the axle, the other being the 
bottom half of the needle and the front end of 
the axle. These are united by brazing across 
a diagonal, the intervening layer of spelter 
keeping them magnetically separate. The 
broadening at the top and bottom of the 
needle I’esults in firmer signaL. 

25 is a view of a set 
from which the writing desk 
lias been removed 1o exliibit 
the internal arrangements. Onp 
of the receiver coils has been 
unscrewed from its position be- 
tween the horseshoe magnets and 
i^ balanced on the front of the 
ease. The needle and its axle av(‘ 
thus exposed to view. 

The Sounder System. 
This, the simplest and by far tlu' 
most popular method of tele- 
graphy came to us from America. 
It forms another instance ol 
simplicity evolved from com- 
])lexity. 

P()ntem]>o?‘aneoiis]y with th(‘ 
work of Wheatstone in England, 
]\rorse, in America, was working at 
an attempt to produce an auto- 
matic r-‘(*ording system. Tlu* 
r(‘eeiving instrument was an elec- 
tromagnet |sec page 561] wath its armatuie 
controlling an embossing needle, which marked 
a moving jiaper ribbon. At the sending end 
impulses were sent by contacts made under 
the control of a moving board with pins 
arranged at inlerv<ils. This was displaced by 
the now' tainiliar key, when it was found 
that the signals could be very well madi‘ by 
liaiul, and (he discovery that tho signals (>t 
the electromagnets eouid be interpreted by 
the ear led to the simplification of the 
receiving instrument. A modem sounder cir- 
cuit is equipped with a sounder, usually fixed 
in a sounder screen with a revolvijig tnmtabh*, 
a single-cunent key, a single -current galvano- 
meter, and a battery [ 10 , page 4(506], 



SN, up line, through distant apparatus, 
hue, T and Z. SN will, of course, 
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Examples on Loci, Methods of Finding Areas of Rectangles, 
Parallelograms, Triangles, and Other Rectilineal Figures 
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By HERBERT J. ALLPORT, M.A. 


Proposition 29. Problem 

To find the locus of n /mnt which is equidistant 
from tu'f) given jjoinfs. 

Lc‘t A and B be tlie given points. 

It is vo(|uii‘ed to find the locus 
of ji ])oint P which moves so 
that PA is always equal to PB. 

/ A Since P moves tlirough all 

//\^^ )jositions in which PA = PB, it 
// \\ follows that one of its positifuis 

\ wdll be at O, Ihe middle point 
A m B of AB. 

Let be) some other position 
of P, so that PA =PB. .Join < )P. 

'i'heii, in P^ LA, P( )B, tiu' three sides of the 
one A -‘ire ecpial t<> tin* three sieles of the other. 

’ they are e(|ual lu all respects {Prop. 7). 
>P()A- _P()B. 

Hence OP is A to AB {T)(f. 8), i.e., P lies on 
th( line which bisects AB at right angles. 

Next, let Q bo any other point which lies on 
the line bis(*ctiiig AB at l ight s. ,Join (,)A, 
<i>B« Tln n, it is easily siiown that A t^lOA 
— AhlOB in all respects (Prop. 4). 

(,)A== (,)B. 

Hence, mr// pitint on the line bisecting AB at 
right ^s is equidistant from A and B. 
this line is the re(iaired locus. 

Intersection of Loci. The position of a 
point subject to two conditions may be found 

i) y using loci. F<u’ each condition gives a locus 
on which the point must lie, and therefore the 
point, or jioints, whme the loci intcuseet will 
satisfy hotli conditions. 

Exam])le. Find a })oint equidistant from three 
given })oints. A, />, (\ which are not in the same 
straight line. 

Since the point is to he equidistant from A 
and B, it lies on the straight line bisecting AB 
at righi .1 s (Prop. 29). 

Since the jioint is to he equidistant from B 
and it lies on the straight line bisecting B(1 at 
light _s. 

/. the intei section of those two lines is the 

j) oint which is equidistant from A, B and C. 

AREAS 

Definitions. 1. The altHude of a triangle, 
w itli reference to one particular side as base, is 
the length of the pex'pendicular drawni to the 
liase from the (qiposite angular point. 

2. The alt it tide of a pandleXogvam, with 
leference to one particular side as liase, is the 
length of the perpendicular drawn to the 
ojiposite side from any point in the base. 

3. The area of a figure is the amount of 
surface enclosed by its bounding lines. 

It has been shown in the course on 
Arithmetic, page 1442, that if the number of 


units in the length of a trcianglc rs ninHiplied In/ 
the number <f units in the breadth of the 
^ ^ rerf tingle^ the product gives the 

r”'" numhe) <>/ s(iuare unifi in the 

area <f the rectangle. 

A rectangle AB(T) is said to 
h(' conlnined by any ])air of 
^ adjacent sides. Idius the rect- 
angle is denoted by reef. uiJ> . AD, or by 
AL\Ai)only. 

Proposition 30. Theorem 


Pa ndleliKf ranis tat th<' same base and hetireen 
the same paialh'h lue equal in aiea. 

Let AB(T) and ABKF 

y be two Os the 

\ X / s.ime base All and be- 

\ /\ / tween the sann' ||s AB 

\/ \/ 

A/ A/ It is required to proN e 

^ ^ that 

area of EJ AlU'l) - aiea ot [J ABKF. 

Pi 0(f. 

FE — AB, since AllEF is <i EJ (Prop. 23), 
AB — D(y, since AB(’l) is a ED> 

FE - DC. 

by adding El> to each of th(‘se e(juals, we 
have FD- EL. 

Hence, in the As Al)F, BLE, 

E])-. E(\ 

DA -- CB {Pi op. 23), 

AF ~ BE (Pi op. 23). 
AADF- able (J^iop. 7). 

Now’, if AADF is taken away from the whole 
figure, the lemainder is the OAB('D. And, 
if able be taken away from the whole figure, 
the remainder is the EJ ABKF. 

But, since the As taken away are ecpial, the 
remainders must be eafual. 

EJ ABLD - EJ ABKF. 

Note. The Els may la* such tliat the sKfes 
FD and EC do not overlap, as in the figure. 
Or, the points D and E may coincide. In the 
first of these cases we can still show that 
FD — E(\ and the pioof is as given above. In 
the second case, when D and E coincide, the 
])roof is still more sinqile, tt)r it is <^)hvious that 
each EJ is double nf the AABD (Pi op. 23). 

^ ^ ^ ^ Area of a Parallelo- 

- gram. By the last projiosi- 
tion, a rectangle ABt'D and a 
O ABEF on the same base AB 
and between the same |ls are 
equal in area. But we have 
seen tliat the area of the 
rectangle is AB v Bt'. 

the area of the EJ i*’' ‘^Iso AB x B(\ 

Tliat i.s, 

Area of a parol I •log rani — has*' > alt dude. 

4905 






MATHBMATIOS 

Coi'oJlavif, Pared lelotfrctms o« flqval bases and 
O Q H Q betu'een the same 

jm rail els are equal 
in area. 




For, let the /~7s 
ARID, EFGH 
h;ive equal }»;ises 
AB, EF. They 
jilso IiHVe equal altitudes because they are 
between the same parallels 

area of ABCD — ABx altitude 
:= EF X altitude 
= area (*f EFGH. 
Proposition 3 1 . Theorem 
If <( jiarallehnjram and a trifnafle ate (m the 
same base and hetireen the same iKtrallels the area 
of the pai (diet oif ram is 
tirice hie area of the 
h ia Hi ft e. 

Let theOABCDand 
the A ABE ]>e on the 
same base AB and be- 
tween the same jis AB, 
D(L 

Jt is recpiired to prove that 
Area of O ABCT) = 2 x area of A ABE. 
Pro(f. Draw^ BF || to AE to meet IKi at F. 
Then ABFE is a O- 

And O ABCD = O A BFE {Prop. ;^0). 

But O ABFE = 2 X A ABE, since the diagonal 
BE Insects tlie n . 

/. 0ABCD = 2x AABE. 

Area of a Triangle. In the figure of 
Pro]). 31. the [J ABCD and the A ABE have the 
same altitude, the })eri)endicular distance 
between llie )]s AB, D(L But, 

Area of ABC’D = AB x altitude, 
and it has been proved that AB(T) is double of 
A ABE. 

AABE= \ ABx altitude. 

Thus, 

Atea of a triamfle^ .J . hose k (dtit nde. 
('or< 4 h(ry. Trlanyles on the same ha\e and 
hetireen the same parallels ai'e equal in area. 

For, the As have the same altitude, and the 
area of each A is i base x altitude. 

Similarly, triaiafles on equal bases and hetireen 
the same paridtels are eqiad in area. 

Proposition 32. Theorem 

If tiro tiianyles irhirh aie equal in area are 
on Ihe '^ame base, then 

(i.) ]f they Hi' on the same side <f ihi> tm.se, 
the line joininy their rerfires is paudlel 
to the base. 

(ii.) 7 f theif Ur on ojiposilr side^ of the tm.se^ 
(he line joint 11(1 their ret tires is bisected 
Inj the base. 

Let AB(; and ABD be 
two As which Hic equal in 
area. 

(i.) If tlie As lie on tlie same 
side of the liase AB, 

it is required to prove 

^ ^ ^ that CD is toAB. 

Proof. Draw CE and DF A to AB. 

Then ‘ A ABC is half AB . CE 
and AABDishalf AB . DF. 



and 


But the As arc equal. 

AB . CE - AB . DF. 

CE = DF. 

Now, and DF are |j (Prop. 11). 

since EFDC lias two sides equal 
parallel, it is a rj (Prop. 24). 

CD is || to AB. 

(li.) Let As ABC, ABD lie on opposite sides 
of AB, and let AB and CD cut at K. 

It is required to iirove that 
CE = DE. 

Proof. Draw AG, BG |{ re- 
spectively to DB, DA. JoinDG, 
cutting AB at F, and join (TL 
Then ADBG is a O- 
DF FG {Prop. 2,3), 

and 

AAGB- AADB (Prop. 23) 

= AACB (Hyp.). 

GC is Ij to AB (by i.). 
Hence, in ADGC, a straight line FE is diviw a 
througli F, (he middle j)oint of one side, || to a 
second side. 

it bisects the third side (Prop. 2(1), 

CD is bisected at E. 

Area of a Trapezium. Let ABCD lie a 
tra])e/.iiim, in which AB is l{ to CJ). Draw DE 
± to AB, and BF ± to .D(\ Then 




1 From A. ' 

I AF- 2 I FB= 3 
GE - 4 I AG - 3 

! AH - (> j HC= 4 
AO- 8 j 
1 Inches , 

Then, area of figure 

= AAED f AAFB-f ACHD+ fig. HFfli 
= ^ . AD . GK + .1 . AF . FB + 1 . ( H . HO 
f 1 . FH (FB + HC) 

= i- 8. 4+ i . 2. 3+ J.4. 2+ J. 4.7 
= 16+3+4+14 
= 37 square inches. 
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THE MAKING OF BESSEMER STEEL metals 

The Theory of Bessemer Steel Production. The Bessemer Con- 8 

verter and its Operation. Modifications of Bessemer’s Process 


By A. H. HIORNS 


IN the Bt^SHelllcr steel process — forcing air 
* through molten pig iron in numeT’oiis small 
jets — the silicon and carbon becomes rapidly 
oxidised, and jirodiice sufticient heat to maintain 
the iron in the liquid state until it is completely 
purified. Two different modes of working are 
adopted, according to the nature of the pig iron 
and of the lining of the vessel. Tlies(; are termed 
the a<id and basis processes respectively. Sir 
Henry l^essemer’s great invention is not confined 
to bloAving air through molten pig iron, but 
includes numerous mechanical appliances 
invented by him for carrying out the process, as 
well as tb(‘ shape and construction of the con- 
\erter. The original A^essel was fixed with air 
inlets at the sid(‘, but this uas soon replaced by 
a tipping converter, su})ported on trunnions, the 
air being injected at flic bottom. After tiying 
various patterns, ho adopted the pear-shaped 
vessel now c ommonly employed. The inventor 
])(?rceived the great advantage of conserving 
the gr*^at heat of the ingots by covering them, 
when stripped, with hot sand, from w’hich the 
still red-hot ingots Avere carried to the rolls, 
'riiis was the first crude idc'a of soaking-pits, 
affer*\ards so successfully applied by fijers. 

AciH Process. In the acid procc^ss, the* iron 
c'Uiploycd is a grey liaunatitc pig, rich in silicon 
and very *ow in phosphorus. Tt is generally 
melted in a cupola and run into the converter 
when in the horizontal position, Tlie bla.st 
is turned on and the vessel rotated into the 
vertical position. In the first stage the graphite 
is changed into combined carbon, and silicon is 
oxidised, forming a slagA^ith oxides of iron and 
manganese. Tn the second stage the carbon is 
oxidis(‘d to carbonic oxide, the c\olution of 
which causes a violent action, with the ejection 
of sliowers of sparks and a brilliant flame. As 
soon as the carbon is removed the flame drops 
and the blow is stopped. .About If) per cent, of 
sj)if‘geleisen or its equivalent of ferro-raanganese 
is then added, and imparts the necessary carbon, 
the manganese taking up the oxygen from the 
iron, thereby forming oxide of manganese, which 
})asses into the slag. 

^J'he length of the blow depends on the quality 
of the pig iron, and chiefly on the silicon and 
manganese content. It varies in duration from 
15 to 3U minutes. The loss of iron in the ju’ocess 
varies from 15 to 20 per cent. 

The steel is poured into the casting ladle, 
which rests on the jib of a ladle crane. This 
crane now swings the ladle successfully over 
the ingot moulds standing m the casting ring, 
and the steel is run into the moulds through a 
nozzle in the bottom of the ladle by raising the 
internal stof>pt‘r by means of a lever on the outside. 


The ingot moulds are lifted from the 2)artly- 
solidified ingots by the ingot cranes and by means 
of tongs, termed dogs, hanging from tlicse cranes. 
Hie ingots themselves are lifted and carried 
to the heating furnace in the rolling department. 

After discharging the steel, the converter is 
inverted to tip out the slag, and repaired, if 
necessary, before running in another chargi*. 
The oxide of iron produced by the blast on tli(‘ 
ends of the twyers gradually corrotJ(‘s them, 
so tliat the twyers become gradually shorter 
and the bottom thinner. .VftiT 15 to 20 heats 
the bottom is removed and renewed. 

Limitations of the Acid Process. It 
has already been stated that the acid process is 
apjilicable only for pig iron low^ in phosphorus, 
but sufficient silicon must be jircsent to yield 
the necessary heat. The varieties of iron used 
in this country ar(‘ those sinelti‘d from hiematite 
or magnetic ores. Since the purification of the 
crude metal is effected by the oxygen of the air, 
it is obvious that the greater fluidity of grey iron 
is advantageous, as the plastii* condition of 
molten white iron is liable to inteifere with the 
passage of the air through the molten metal. 
Tn fact, w'hite iron can b(‘ treated only with 
increased waste, especially as it is deficient in 
silicon. Moreover, white iron is ofttm much 
higher in sulphur than gny iron. .Also, the carbon 
being in the combined form, the production of 
carbonic oxide takes place at too early a stage of 
the process, and afterw'nrds, the carlionic oxide 
being pr(‘sent in insufficient quantity, the 
requisite high temperature is not attained. 

The chief essentials, then, in the composition 
of the pig are a very low^ percentage of sulphur 
and phosphorus, with about 2 per cent, of silicon. 
TToth silicon and manganese can be praidically 
removed by the blow', as both (‘kuuents are 
oxidised and unite to form a ^lag. 'fihe follow- 
ing analyses give the composition of some 
JTessemer pigs. 


Charcoal pig 
(•reenwood' 

3 Ih 

1 76 


0 04 

0 08 

Hnlphii 

002 

014 

Snelus 

3 27 

lO.') 


o-o.-) 

0 14 

Staltordslure 

Jordan 

4 40 

1 81 i 

1 08 

002 

0 01 

003 

0-04 

Aiiiencaii 

3- 1 0 

0 08 , 

0-40 

0-10 

0 06 


How'e stated in ISfiO that while there are 
American mills when* 2 per cent, or more of 
silicon is present in the charge, the majority use 
less than 1*75 per cent., and what appears to bo 
the most characteristically American practice has 
Iiabitually only O fiO pci cent, to U‘9 per cent, 
of silicon. Tn order to blow' iron with such little 
‘^Ticon successfully, the heats must follow' each 
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other quickly, and the vessels and ladles must 
be very hot. He considers that as far as con- 
venience of blowing is concerned, 1 *25 per cent, 
of silicon is the best proportion. Metal ^ith 
0*5 per cent, of silicon has been blown in Sweden, 
but this is done only when the initial temperature 
is very high. For low silicon, tlien, quick blowing 
and short intervals are neces 8 ar 3 ^ 

Results of the Acid Process. In the 
ticid process almost all the effective heat comes 
from the combustion of the silicon, and the 


vhich the air from the blowing engines passes 
to the uind-box at the bottom of the converter. 
The body is mounted on an iron ring, to which 
it and the trunnions are bolted. In the early 
vessels the entire shell was riveted together, but 
in the modern vessel the bottom and the nose 
are detachable from the body. The importance 
of a movable body will be perceived when it is 
mentioned that the twyer portion lasts only from 
15 to 20 heats, while the bodjr will stand several 
months’ wear. The nose is not often removed 


greater the percentage of silicon the hotter the except for relining. The centre of the bottom 

charge, the longer the blow, the greater the loss, section is the phig, in which are fixed the fire- 

the more expensive the fepairs and maintenance, clay twyers, each containing 12 to 18 holes, 

and, with high silicon, the poorer is the quality about J in. in diameter, tlirough which the air 

of the steel likely to be. If, however, the silicon passes to the metal. 


is too low', it causes cold heats, heavy sculls, and 
bad w'orking generally. The place of silicon may 
be taken to some extent by manganese, as in 

Styria and Sw'cden, where the 

cast iron is obtained from 

spathic ores. In such a case 

the silica lining is called upon 

to supply the silica for forming M/ 

a slag with the oxide of man- 

ganese. If the blow be too 

hot, as indicated by the 

appearance of the flame, scrap 

steel is added to lower 

the t(*mperature. In pssissS 1 ^ 

England, w'here high H 

silicon irons are used, the ^ 
aim is to keep tlie silicon 
sufficiently low', while in Sw'eden ^ 
it is just the reverse. With coke ^ 

pig. when the silicon is low', the 

sulphur will probably be too li I 

high, causing red-shortness in ’teSlaljyi 

the steel. J 

M’hen the amount of man- 


The entire bottom is fixed to the body by 
means of lugs and cottar-pins, and is made- 
easily removable tor the examination of faulty 
twyers, but it must also be 

\ air-tight. Hence it is faced 

true, Avith a wdde bearing, yarn 
and clay packing being put 
round the bottom plate between 
r) it and the box, the plate lieing 

v/lS secured by cottars to the blast 
b(»x. The movable converter 
i*- capable of rotation in a 
A'ertical ])lane through an 

thus enabling the con- 
tents to be discharged 
at tlie end of the blow; and 
also, bv turning it into a 
horizontal position, the metal 
lies out of the blast below the 
w'liole of tJie twyers, and may 
remain there after the blast is 
shut off. The converter is 
made in two forms, known 


ganese in Bessemer pig iron is concentric converter concentric and tlie 

upwards of 2 per cent,, as it ecc^'nti’ie forms. The former 

often is in Sw^eden, the direct method is adopted is sliown in 37 and the latter in 38. 


— that is, the blow is not continued till the 
whole of the carbon is burnt off, as in England, 
but stopped when the metal contains the 
desired amount of carbon, which is judged liy 
the aid of the spectroscope and the colour of the 
slag. The amount of manganese left in the steel 
varies from OT per cent to 0'3 per cent 

The gases escaping at the mouth of the con- 
verter indicate that at the beginning of the blow 
the carbon is largely burnt to carbon dioxide. 
At tJie end of the blow the gas given off is 
chiefly nitrogen. 

The Converter. The modern conv'erter 
is built of mild steel or wTought-iron plates 
riveted together and lined with siliceous or basic 
material, according as the acid or basic method 
of working is adopted. We may broadly classify 
Bessemer converters into fixed and moixible. The 
former have only a limited application, but the 
latter are the kind generally employed. 

Tlie acid-lined converter is lined internally 
with silica bricks or w'ith ganister, w'hich may be 
rammed round a central core. The vessel 
is supported on tnmnions, one of which is hollow' 
and connected with the blast main, through 


Rotating Mechanism. For the rotation, 
an iron framew ork supported on columns carries 
the converter on suitable bearings, aiTanged so 
that the veshol can be rotated on its trunnions. 
This is effected by means of a pinion, keyed on 
to one ot the trunnions, gearing into a rack 
attached to the end of a double hydraulic ram 
The position of the ram and cylinder may bi‘ 
either vertical or horizontal. Both the rack and 
pinion and the ram must be securely cased in 
slieet iron, to prevent injury by splashing of the 
metal or the slag on them. The valves tor the 
hvdraulie cylinder are usually controlled at some 
distance from the converter from a raised platfo an 
knowm as the p}dpit. In some cases the rotation 
is effected by a worm and pinion gear, acUiatt^l 
by a hydraulic engine or by a double or triple 
cylinder steam-engine. In addition to other 
advantages, this allows for a complete revolution 
of the vessel through 360^ However, the 
simplicity of the lack and pinion arrangement, 
and the facility w'ith which it may be manipu 
latod, hav’c led to its general adoption. 

The bottom of the converter being the portior 
subjected to the gieatest w'ear, and requiring 
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to be frequently removed, is made interchange- 
able, and a number of bottoms are kept in readi- 
ness, so that when one gives way it can at once 
be replaced. This is done by placing a trolley on 
the table of a hydraulic ram, fixed under each 
converter, and then, having raised the trolley 
and uncottered the bottom section, the latter is 
removed by means of the ram. In fixing a new 
bottom, it is run on a carriage to the table of the 
ram, wet ganister and fireclay is placed round 
the bottom section, and the bottom pressed 
tightly against the bottom of the converter by 
the hydraulic ram, and cottered on. In some 
works, instead of using a hydraulic ram under 
the converter, the bottom is hoisted into position 
and pi’essed home by powerful screw-jacks. 

The lining of the Bessemer converter in this 
country is a siliceous sandstone, which con- 
tains from 85 to 90 per c-ent. of silica, and 
(K'curs below the coal measures. This is ground 
fine, mixed with water, and rammed in between 
a central wooden core and t he 
shell of the vessel. In America 
the lining consists of a mixture 
of 60 per cent, crushed quartz, 

‘25 per cent, fireclay, and the 
remainder of ground-up fire- 
bricks and other siliceous 
material. The American lining 
lasts for 400 to 5tX) heats, while 
the British lasts double that 
time; but we must take into 
account the more rapid Avorking 
of the American vessels. 

Concentric Vessel. In 
tlie eccentric vessel [38] a large 
amount of metal can lie in tlie 
l>elly without running into the 
tAvyers or out of the nose, and 
to some extent it prevents slop- 
ping. When the method i>t 
using metal direct from the 
blast furnace was introduced, a 
modification of the converter 
appeared necessary, so that it 
might receive molten pig iron 
from the blast furnace ladle A^'hea turned aAvay 
from the pit, and receive s])iegelei8en from the 
cupola when turned toAvards the pit. This is 
l eadily done with the concentric, but not Avith the 
eccfmtric vessel. The concentric vessel is, how- 
ever, required to be larger than the eccentric, 
in order that when turned down it may hold a 
given charge on each side Avithout running out 
at the mouth or into the twyers. The ratio of 
the capacity of the concentric vessel to the 
eccentric vessel is as 3 ’5 to 5. but in consequence 
of the greater size, less slopping occurs, and much 
of the metal ejected during the boil falls back 
into the vessel. Now, the path oA^er which the 
metal runs to the conA^erter is very highly heated, 
and the slag afterwards formed more easily 
corrodes this more highly heated portion ; hence 
the advantage of equalising this Avear by pouring 
alternately into each side of the vessel. The 
concentric converter is generally made in four 
parts, connected by bolts and cotters for easy 
detachment. 


A 10-ton converter weighs about 40 tons ; 
the steel or vTought iron plates are 1 in. thick, 
Avitji 1 in. rivets and strong straps ; the four 
parts are connected by pins and cotters. The 
belt and trunnions are in two pieces, formed oi 
cast-iron box sections ; the trunnions arc 21 in. 
long. The belt Av^eighs 1 1 tons, and is 10 ft. 8 in. 
in internal diameter. The tipping gear may 
consist of a worm-Avheel 8 ft. in diameter, gearing 
into a screw of 4.J in. pitch, which receives its 
motion directly from the cranks of a pair of 
hydraulic engines mounted on one of the 
converter s standards. This alloAvs of the vessel 
l)eing turned over in either direction. A rack 
and pinion arrangement for ti])ping is much 
more common. A large converter of this kind 
for 15 ton charges is 241 It. high, and mounted 
on piers 26 ft. aboAT the ground Such a vessel 
may weigh from 66 tons to 76 tons A Avide 
nose may l)e advantageous from the point of 

AueAv of reducing loss from ejected metal ; but 

lilt* narrower the nose the higher 
the possible working ternjrera- 
ture. and the greater tlu‘ amount 
f)t rmaal the vessel can hold in 
the horizontal position. 

Cupola Furnace. The 
molten imdal for su}){)lying the 
convertt‘i’ may l)e melted in a 
cupola, or taken direct from the 
blast furnace, or fi'om the latter 
to a receiver or mixer before 
finally passing to the converter. 

The modern cupola is really a 
small blast furnace. In some 
cases the outside shell will Ire 
16 ft. to 12 ft. in diameltw, and 
the blast ])r’essui*e as much as 
2 lb. to 3 lb. per square inch. 
It is lined \Auth a firebrick as a 
backing, and then rammed, 
usually A\ith ganister or some 
other siliceous material. The 
height of the cupola platform 
Nhould l)t‘ such that when the 
cupola is (lumped, or raked out. 
all the debi is falls upon the floor level, and amirk* 
room should be left to enable the men to 
remove this easilv. ( 'upolas Avith drop bottoms 
are now generally made, and found very con- 
venient. A moderate sized cupola luis an 
exterior diameter of about 6 ft. to 7 ft., AV'ith five 
or six twyers, and is a\ orkc^d with a blast pressure 
of 1 to lb. It Avill melt 2(K) to 366 tons ot 
j)ig iron per 12 hours. 

The position of the cupola is generally such 
that the metal can floAv by gravity from the tap- 
hole to the Bessemer ve.ssel. hence it is placed at 
a higher level. If the cupolas are too near the 
converter, the Avorkmen are exposed to excessive 
heat, being betAveen tAvo great fires. On the 
other hand, if the cupolas are too far away, the 
long runners tend to chill the metal too much, 
and some of it Avill solidify, causing much waste. 
In some works this difficulty has been over- 
come by using travelling iron ladles to convey 
the iron from the cupola to the converter, either 
by running on a track or by means of a crane, 
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wliich admits of the ti})ping of the molten 
contents of a ladle into the converter. 

Tipping ladles are now frequently used to 
convey cast iron from the cupola, or mixer, to the. 
Bessemer converters. The ladle is held in a cast- 
iron trunnion belt by means of bolts and snugs. 
The tipping action is effected by a worm and 
screw motion actuating a trunnion, so that the 
Avorkman can easily pour a charge of 20 tons of 
iron. The ladle is lined with firebricks with taper 
sides and fitting into one another. When these 
are built in, the whole is covered with a fireclay 
daubing. Another arrangement for tipping is 
by means of a chain fixed to the bottom and 
attached to a hydraulic cylinder, while the ladle 
is supported in the l)earing of the carriage. The 
trunnions are not fixed centrally on the ladle, but 
somewhat in front, so that the Avhole metal can 
be poured into the converter by tilling without 
moving the ladle forward. 

Ingot Moulds. The material from the 
ladle is teemed into cast-iron ingot moulds of 
various fprms and sizes — square, circular, oval, 
octagonal, etc., open at both ends. They arc 
made to taper considerably, being larger at the 
bottom than at the top, so as to allow for easy 
stripping. The usual method is to fill each 
mould separately, but the method of casting in 
groups i.s also used. A large ingot may be 
lOi in. square, and weigh 50 cwt. For rails, the 
ingot is 14| in. square, and Aveighs 25 to 30 cwt. 
{Several smaller sizes arc also used. The moulds 
arc generally arranged in a shallow pit in a semi- 
circle, so that the ladle crane may bring the nozzle 
of the ladle over each one in succession. 

Sometimes, when an ingot is tapped, if is stop- 
pered down by throwing some sand on it, and 
then covered with an iron plate, uhich is fast- 
ened down by a cross-bar and Avedges. In 
group moulds they are generally arranged 
round a central one, somcAvhat taller than the 
rest, into Avhich the metal is run, and AAhence it 
])asses from the bottom to the bottoms of the 
others by means of fireclay tubes or })assage.s. 
Hence the material rises in the moulds from the 
bottom to the to]). A plan noAv largely adopted, 
especially in American Avorks, is to have the 
ladle stationary, and a bogie truck carrying 
tAvo moulds is run under the nozzle of the ladk*. 
for teeming. The bogie then coiiA'cys them 
away, and another pair is brouglit under the 
tapholc, and so on in succession. 

Basic Bessemer Process. Thih ])rocess 
is conducted in an ordinaiy converter, but a 
phosphoric pig iron ma}^ be used, Such an 
iron may contain 3 per cent, of carbon, 0’5 to 1 
])er cent, of silicon, 0*2 per cent, of sulphur, 1 to 2 
])er cent, of manganese, and 2 to 3 per cent, of 
phosphorus. In consequence of the basic lining, 
the slag is basic, and is capable of taking up 
])hosphorus oxide. All acid substances tend to 
neutralise the base, so that only’ a certain 
(jiiantity of acid material can Ik* taken up. If, 
tlu'refore, much silica be prt'sent, it will unite 
Avilh the base in preference to the phosphorus 
oxide, Avhich Avill In' reduced and pass into the 
iron. To preA’ent this. ex(‘ess of lime is necessary ; 
but tliis raises the fusion point of the slag, and 
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increases its quantity, so that a larger vessel is 
necessary. This means an addition to the cost, 
and an increase in the AA orking expenses. 

Now, grey pig iron generally contains much 
silicon, which renders it unsuitable for the 
basic process. White iron contains only a 
moderate amount of silicon, and is often high in 
phosphorus, Avhich, being a good heat producer, 
and playing a similar part to that of silicon in 
the acid process, is required in the basic process. 
Another point of importance is the amount of 
phosphoric acid in the slag, whose value as a 
manure depends on its phosphorus content. 
Moreover, the purity of the lime is important, as 
impure lime may contain silica, and 1 lb. of 
silica requires 4 lb. of lime to neutralise it. 
Silica in lime generally amounts to about 2 per 
cent., and often more. In consequence of tlie 
lower temperature produced by the presence of 
lime, and the affinity of silica for such a strong 
base, the silicon is more thoroughly removed 
than in the acid process. Manganese is not, 
howcA^er, so completely removed. A highly 
basic slag is also favourable for the removal of 
sulphur, Avhich takes place almost tmtirely during 
the after-bloAV. 

Behaviour of Phosphorus. Phosphorus 
is not appreciably remoA’ed until most of the 
other elements haA’e been eliminated and tlie 
heat of its oxidation is concentrated towards 
the end of the bloAW AA'hcn it is most required. 
Phosphorus is oxidised at the beginning of 
the bloAv ; but, in the absence of a basic 
fluid slag rich in lime, the oxide is decomposed 
by the carburised iron at the high temperature 
prevailing in the converter. ToAvards the close 
the slag is highly basic, and then the oxidised 
j)hosphorus passes into the slag. On the addition 
of spiegeleisen or feno-mang inese at the end of 
the blow, some of the ph()s])horus is reduced 
from the slag and passes into tiic steel, piobably 
due to the reducing action of tlie manganese. 

At the end of the bloAV the iron is loft in an 
oxygenated state to a greater extent tlian in the 
acid process, so that larger quantities of manga- 
nese compounds are required. To reduce the 
amount of oxide before adding the manganest‘ 
compound, grey hematite ])ig iron is generally 
added, hut the l>est method of preventing oaxm - 
oxidation is to use good manga nifeious pig iron. 

The Basic Blow. The different stages of 
the basic blow are similiai’ to those described 
in tlie acid process, but daring tlie boil largei 
quantities of slag ai e ejected. When the flame 
stops, instead of tui-ning the A’essel doAvn and 
stopping the blast, as in the acid ]>roceHs, bloAv- 
ing is continued for three of four minutes longer. 
This is termed the (tfter-blou\ and during this 
period practically all the phosphorus is remoATd. 
The plant used in the basic process differs but 
little from that in the acid process, except that 
the concentric form of converter is more often 
used. The essential difference is in the lining, 
which must be strongly basic and sufficiently 
refractory to Aiithstand the A*ery high tempera- 
ture to Avhich it is subjected ANilhout melting or 
softening. The materials generally applied for 
the purpose are lime and burnt dolomite, mixed 
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with some cementing material, such aft 
anhydrous tar. 

Dolomite, or magnesium limestone, of higli 
(luality, and containing not more than 2 jkt 
cent, of silica, is desirable. It is first broken ui) 
into small lumps, and strongly calcined in a 
basic-lined cupola to remove moisture and carbon 
dioxide. The effect of this calcination is to pro- 
duce a considerable shrinkage, and it is advisable 
to employ the shrunk material for lining the con- 
verter as soon as possible, otherwise it will 
absorb moisture from the air and ra)>idly de- 
teriorate. It is next ground in a pug-mill and 
mixed with the desired amount of well-boiled 
tar. Tlic prepared material is mad(‘ into bricks of 
different sizes and shai)es to suit the sweep of 
the converter. They are placed into position 
as soon as the^y come from the press. 

Use of Small Converters. Althoiigh 
the general t(*ndency lias l)een to increase the 
capacity of the convertors and the general 
adoption of bottom blow ing, the small converter 
with side blowing is still used. These con- 
vd'ters may be classified into //.red, rotating^ side 
hlowmg, and bottom blowing. 

Fixed Vessels. Tliesc converters have 
four chief defects: (1) They scarcely permit of 
bottom blowing, and therefore involve a great 
loss of iron in blowing. In bottom blowing the 
failure of a single t'wycr would lot the wdiole 
charge escape. If a tvNyer in a rotating vessel 
fail, the vessel can easily ho turned so as to 
bring the tvvyer above the level of the metal, 
»Nhen the faulty one can be repaired. This is a 
common occurrence. (2) Even in side blowing 
the failure of a twycr is a sdious thing in a 
tixed vessel, because it is necessary to remove 
the charge at once, ('ouverling it into seiap. 
(3) At the end of the blow tlie charge has to be 
tapped out instead of being poured. Moreover, 
the proportion of carbon is less under control in 
the fixed vessel because of the length of time 
required to taji. (4) It is impossible to recar- 
burise in the vessel, and this has to he done in 
th(‘ ladle. This is not important in mild steel, 
hut in rail steel it is a sciioiis thing. The fixed 
\esHel is much cheaper than the rotating one, 
and in small works where the charges are small 
the low cost moiv than counterbalances the 
losses enumerated above. 

Side Blowing. This may be ucar the 
bottom, as in the old Swedish convciters, or 
higher up, as in the modern vessels. Side blast 
requires less blast pressure and Ihciefore less 
cost in blowing engines, boilers, etc. The system 
has three chief disadvantages : 

1. The action of the blast is not uniform 
through the metal, and the metal contains less 
carbon above than below the twyers, and although 
the portions may mix in the ladle, the metal is 
liable to be non-homogen eons. 

2. The metal round where the blast enters 
is highly oxidised, while in bottom blowing the 
bath is so highly agitated that any oxidised 
portions are rapidly deoxidised by the carbon 
and silicon of the other part. Again, at the end 
of the blow the iron oxide (‘scapes as a dense 


reddish-brown smoke along with the blast, 
and the metal is overblown. This imperfect 
mixing of iron oxide and the caibonated and 
silicat^ portions, in the case; of side blowing, 
causes overblow ing and ( ousecpient loss of iron. 

In the old Swedish vessel the twyci’s were 
placed not radially, hut in a tang(‘ntial direction, 
so as to give to the metal a lotatory motion. 
The same is dime in the Roboi t converter, which 
has also a vertical I’otation by tin* twyer being 
on one sid(‘ only. 

3. The bottom and the sid(*s near the tw^/ers 
wear away more rapidly, causing the depth of 
metal to diminish, so that the blowing hecomes 
more localised. In bottom blowing the depth 
of metal above the twyers change > but slightly, 
the corrosion being chiefly on the bottom. Side 
blowing has two advaiit ag(‘s. It lessi'ns the blast 
pi*essure, and prolongs the life of the twyers. 

Clapp and Griffiths Converter. In 
this vessel the twyers were raised to about 
10 in. above the bottom, so that when half the 
mc‘tal was tap])(*d out the twyc'rs were not out of 
the metal. The vessel is about 10 ft. liigh, 
oj ft. internal (liamet(‘i', liiu'd with silica bricks, 
and provided witli lour to six horizontal twyers, 
till(‘d with valves for regulating the blast. As 
the slag rises it is run oil’ through a slag-hole 
during the intermediate stages of the blow. 
At the concluv'siou the metal is tapjied out the 
same as from a cupola. Ferro- manganese is 
added to the metal in the ladle. This process 
appears to eliminate? the silicon, but leaves the 
phosphorus and sulphur practically untouched. 

Hatton improvecl this form of converter by 
replacing the solid bottom with a movable ont', 
and by introducing a simpler form of valve 
to regulate the blast. 33ie movable bottom 
gri'atly facilitates repairs. The ])ig iron us(‘d 
must be practically free bom phosphorus and 
sulphur, and contain 2 jut c(‘nt. to 2‘7.) per cent, 
of silicon, otherwise the blow is too cold. 

The Robert Converter. This, although a 
movable converter, is adapt (‘d only for small 
charges of from 1 to 3 tons. The blast is intro- 
duced near the iq/pcr surface of the metal, 
and the twyers inclined at diti’enent angU's, so as 
to give arotatojy motion to the metal. The vessel 
its(‘lf is tilted during the lir.st half of the blow, 
and turned more v('rtically as Hu* operation 
proceeds, in order that th(‘ blast may be less 
.strongly localised. Tlie conv(‘rl/T is mounted on 
trunnions and revolv(‘d in the usual way, but 
by means of hand gearing. 3’h(‘ advantag(‘s 
claimed for this convertfu' ajc several. No ex- 
pensive blowing plant is rc(juircd, tlic slag and 
gases separate better from the metal, a highei 
temperature is obtained enabling castings to 
be made, tlie ])roc(‘ss can be slopped at any 
given moment, and steel can be made in varieties 
from the mildest to the hardest. The loss of 
metal in the Robert 'ouverter seems to be as 
great as in the lived vessels, averaging about 
20 per cent. The position of the twyers high up 
in the bath is a flis .ullage, in that it leads to 
increased loss of metal by oxidation. The 
reduced pressure nf the blast is an advantage. 

Conlitvml 
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A LL lalhos, from tlit' tiny watclimakor's to Iho 
gieat gun lalhos, ar(‘ oonstructed on tlie same 
])iinciy)lo — that of rotating llio work, and presenting 
a tool suitably for cutting it. The immense varia- 
tions in ty]>e and size are brought about by the 
necessities of s])ecial classes of work, the oj)eration‘* 
on which include turning, facing, boring, drilling, 
screw-cutting, knurling, milling, etc. The number of 
lathes in an engineering works usually exceeds that 
of any other single type of machine tool, the reason 
being that shafts, pidhys, wlu^els, bolts, pins, screw 
and other cylindrical ])arts form a pre]»onderating 
(‘lement in mechanisms, and all are dojie in the 
lathe. In w'oodwork also a large pro})orlion is 
turned, but the lathes for woodwork are much lighter 
and simpler in construction than those for metal. 

The essential difference between the smallest and 
the largest lathes is only one of i)ow’er and con- 
venience. Sufficient strength of ])arts and driving 
]) 0 WTr must be ]>rovided, and means for gri])})ing 
the w’ork hi 1 presenting tools to it. The la‘<t-named 
provision often includes arrangements for using 
several tools, either successively or simultaneously. 

The Early Lathes* The original form in 
which the lathe was constructed and is still used in 
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Oriental countries comf»riscs a bar c.U’iving two 
blocks fitted with pointed centres, which enter into 
(he 'Mids of the work and a /lord if a hearing w hile 
rotating. A cord is wTa])])ed round the work, and 
eaeli end alternately jailled so that the work tmns 
lirst in oiu* direetion, and tlien the other The turner 
applies the tool wdiile the piece is revolving towards 
him. As the lathe lays on the ground, either the 
hands or the feet of the turner are used to grasp the 
tool, leaving one hand free to ojierate the cord, lint 
when a lad is employed to drive the cord, the work- 
man has more freedom and scope. 'I’he results 
turned out of these most ])rimiliv(‘ lathes ar(‘ 
astonishing : the pririeijial draw'back, of course, is 
that the sjiced is not high, nor are the revohit ion>> 
continuous in one direction. 

An im])rovoment on 1histy])c w^asthe po/( lathe, in 
W'hich the b((l was raised up sufficiently to enalile 
the turner to w'ork whih* standing, and one end of 
the driving cord was attached to a long, Sjuingy pole 
overhead, wliile the other end w'as fastiuied to a 
foot-treadle lielow the lathe. Ih’cssure on the 
treadle caused the cord to rotate the work in the 
cutting direetion, w^hile on release the spring ]»ole 
] lulled the cord u])w^ards, ready for another down- 
ward motion. An alternative to the poh' was an 
archery how, which gave the reijuisite amount of 
elastieity. But these devices did not jirovide for 
eontinnoiis rotation in one direetion. This was 
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attained hy the introduction of the wheel -dr! ecu 
lathe, in which a wheel revolving on an axle located 
either above or below^ tlie lathe drove an endless 
cord passing over the work, and turned it constantly 
tow^ards the ojierator, enabling him to cut continue 
ously without the annoying and time-wasting 
intermittent presentation of the tool. The only 
instance of the survival of the reciprocating lathe 
is that of watchmakers’ iurns — small lathes that 
have th(‘ ]>i(‘ce driven Ix^tween centres by a cord, the 
ends of which are attached to a bow, the latter 
l)eing held in the hand and moved to and fio, 
w'inding and unwinding the cord on a pulley 
fastened on the work. 


It will be noted that in all these eases the work 
is driven directly upon its jierijihery, and always 
riin.s between two points, which are called dead 
centres, because they do not revolve. The running 
mandrel lathe was a later development. Instead of 
driving directly on -the surface of the work, a head 
was titled u]) with a sejiarate short rnandrel or 
spindle and fmlley to receive the cord, and the work 
w'as rotated by suitable chvehs on the Hjiindle nose. 
The advantages of this method were that the piece 
W'as unencumbered with driving tackle, only a 
small portion being oceu])ied by the chuck, "and 
that it could he grip^iecl at one end only, leaving the 
other free to be hollowed or bored out into eu]) or 
ring forms, a class of oi)eration that is imjiossihle 
when the bach centre is used. The germ of the 
majority of ])resent-dny lathes was thus established. 
All. with the exception of some special dead-centre 
ly|K‘s, have running mandrels, from which the w'ork 
B rlriveii or is gri))j)ed, the Iielp of the hack centre 
being (mi ployed in some eases, abolished in others, 
"/’ho reason for the rotention of dead centres in 
certain eases is chie/ly one of relative accurncy. 
Tlirre is always a possibility that a mandrel may 
nm slightly out of truth, ‘and in such ease th‘e 
inaccuracy of movement is rejiroduced on the work. 
But W'ith dead centres, \)rov ideal the centre holes in 
the w’ork an* made truly, there is no outside coen’ion 
or tendency towards Tintrue running. 


Involution of the Lathe. Having thus 
e'*-lahlislied the essentials of the latlie, we may 
eonsid(‘r the evolution which has taken place in the 
forms of the different 
])arts. 'Fhe hrad-^, or 
]H>ppets, were primarily 
eonstnicled of wood- 
rough blocks fastened 
upon a bar of wood, the 
bed, which also sup- 
jorted the tool rest at 
a suitable height. Even 
the early running man- 
diels were of w ood, 
w'hich gradually gavo 
place to iron, still revolving in wood bearings. Metal 
busbiiigs were then inserted in the wooden heads, 
and, lastly, the heads wore east in metal. The bed 
underwent change, l>cing made in two strips, or 
shears, set side by side a little distance apart. The 
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heads had projections or checks on the bottom, problem of getting a good range of mandrel spt‘(‘ds, 

which fitted between the shears, these checks being formerly met by stei)])ed belt coties and back gears 

prolonged to the under side of the bed, and there of single, double, or treble types, has assumed greater 

secured with wedges, firmly holding the heads in importance since the introduction of high-.s})oed 

place. Later, serew holts performed the function. steels, and developments are crowding fast. 

The space between the shears formed a slot, along Other points in lathe evolution include the nrac- 

which the tool-rest could he slid, and clamped at lice of fitting more than one slide-rest, to enable a 

any desired point to o)X‘ratc on the work. The number of tools to operate on different portions of 

haek jiopjxd could alsf) he moved nearer to or farther a piece of work, the inclusion of boring arrangements 

from the head to accommodate short or long pieces. in place of the ordinary ])oppet, and improvements 

The limitations of the early lathes wore those of in screw-cutting devic(‘s. An advance that revolu- 

capacity, because all the tools had to bo held and lionised some classes of lathe work was that of the 

controlled by the turner's hands, and heavy metal capstan or turret fitting, which holds a number of 

turning was difficult or impossible. With the inven- tools radially in such a ])osition that they can be 

tion by Maudslay of the s7/V/< -rrs7 the possil)ilities of brought into place in ra])id succession to perform 

the lathe were different classes of o])erations on a piece. 

,it a bound . - These turret lathes reach the highest de- 

immensely in- ' ^ '' c velopmvnt in the uuto?uaiir .screw machineit 

creased ; tools ^ ^ - which carry through all their opciations 

were held \ j without the help of an attendant, 

rigidly against a _ vertical hitlwH, or boring aud turning 

the stress of ■ ?a//As- ar(‘ a class by themselves, and one of 

cutting, and j comparatively recent develoy)ment. The 

moved along 15. GEAR DRIVE WITH SLIDING i 1 axis of the s])indle is set vertically, and 

.(ceurately in KEY - the trdde or face-plate carries the work 

linear diree- without the help of a back centre, 

tions by the slides of the rest. The difficulties Beds. Studying now some of the principal 

encountered in holding a /a/ ad tool uy) to rough or elements of lathes, the basis of eonstruetion — the 

irreguhirly-Hhay)ed y)i(‘ees disay>y)ear(‘d, since the — comes first. The chief essential of a gooil 

himy)y or eccentric y)ortions on the surface could y^p^y rigidity, so that there shall be no flexure or 
not ynish Mie tool away. Hand turning is still vibration under flic stress of cutting. The early 

jaaetised extensively in wood and in some classes wooden beds did not yn’ovide against these evils, 

of likdit uu'tal w'ork. It has little or no seoy)e in neither did they remain true. But ya’evions to the 

au engineer's shoy). introduction of cast-iron beds a little ,'idvantage 

VVitli the increased strains involvocl, wooden w'as gained by attaching stri))s of iron to the wooden 
beds had to giv<‘ y)laee to the more rigid ones of beds, to serve as guide- W'^ays for the slide-n‘st. 

iron. At fir'^t the slide-rest was of limited range, ,Some of thes(‘ WTre fiat ydates, otliers were rounded 

de])enfling on its length of slide, and it had to he qj. vee’d on the top, to guide the rest truly. The 
shifted to a fresh y)Osit]on wd)en a length beyond y^pj^ winch followed also had very narrow 

the travel was being turned. The next step, there- edg(‘s, sometimes fiat, sometimes of vee shay)c, 

fore, was to fit the rest tc) the bed in such a way ^ yuactiee which still survives in modern American 

that it could slide the entire available length, and lathes of small and medium size. In England, on 

so traverse along a yiieec of work coiiiy)letely. A .self- the contrary, firit slides are y)referrcd. The advan- 

acliny motion next followed, by which the rest tag(‘s elaiuual for the vees are that the saddle or 

was fed automatically tlirough connections from carriage is guid(‘d truly without the hely) of the 

tl\e headstocf:, screws being cut also by this means. edges of tlie bed. because the vecs automatically 

'subsequently, a self-net ing teed was given to the centre the carriage, just as a vee yilaner bed does 

'"/’os.s or tiafisvcrse motion of the rest for facing. yta table : and the cuttings also fall off the sloyhng 

Improvements in the Driving Head. sides of the vees, instead of remaining on them, to 

t'hangcs now began to ayipoar in the driving the detriment of the faces, as in a flat bed. The 

lieads. Th(‘ .step/xd exme was 
intrmlueed to give a range of 
-.])eeds suitable to the size aiul 
(diaraeter ot the work being 
turned, the cord or bolt being 
( hanged from a smaller to a 
jargiT st^q) to gain greater 
driving yiower at a slowx;r syieed. 

I'he method wais follow'ed in both 
treadle and steam-driven lathes. 

'J'hen as work increased in size, it 
WMsIoimd imyiossible to get a 
cord or licit to drive the cut 
without slipyiing, an<l toot lied 
'j,cars were introduceil to gain 
power at reduced spe(*d. Lonqiactr 

ohlaiiu'd by the familiar bacl-giar ... 

winch four tooth(‘d wheels drive from the mandrel 16. arrangement OF apron GEAR 

pulley and back to the mandrel with an average 

r.itio of h to 1. It is intiTOsting to note that in amount of bearing surface on \ees is eomyiaratively 

some of the latest lathes for high-sfieed cutting, the small, a defect y>artly eomyiensated for by making 

bells have been eliminated altogether, chains the carriage base of gieat length. To keep the 

or toothed wheels transmitting power yiositively carriage down on its vees, a yjraetiee formerly much 

from an electric motor to the lathe mandrel. The adoyjted was that of susjiending a weight, which 
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hung down between the sheam 
This weight ])revents the addi 
tion of sti engthc n mg c ross tic s or 
girts being cast between the 
shells and in any case is ayiplic 
able only to sin ill lathes \\ ht ri 
the weight is discarded, oi 
'ictiinq up striyis, are htUd to 
the edges of the lied so that the 
( ainage cannot lift during cut 
ting, and ample strength may be 
given to the bed by the use of 
eioss ribs at intervals Tn the hat 
toy) type of bed, the edges iie 
usually veed in order that one 
gib strip m ly sei ve two functions 
— yirevention of both lifting and 
lateial motion If sepiare edges me emyiloyed, it 
IS necessiry to tit stnyis having both uyiwaid ind 
literal adpistments A yiomt of import inec is that 
the use of vees lediices the aviilible '^mnq oi 
flume t( I that can be turned, by e omy> u ison with a 
simil ir lithe having i flit bed 

Two designs of recent dile embody impoitint 
\ inations on ordinary tvyies Tn the Lang bed the 
siddle IS not controlled by the t xtreme spin of the 
bed but onlv by i naiiow 
finding strj[> it tlie front 
on which the siddlc has i 
longitiidmd be irmg of 
ibout te 11 tunes the width 
I he ijsk of ( ross working 
IS gieitly re dueed and the 
le id sc I c w or teed shaft 
IS bi ought iiearei to the 
guide portion Tlu Darling 
ind Seller double tiei 
bed his i supple me utary 
ledge loc ited some way 
down the tiont of the bed 
the suldlc hiMiig in ex 
tension ic sting on this 
IheefTectiM width ot the 
heiring is thus m le ised xnd the weight of the 
front IS bcttci supported 

In 1 2 md 3 the iisuil scetionil Nhijxs ot ihe 
flit toy lyic d 1 eels withxee uid with scyu ire c dges ind 
of the imciicanxee to])s ire seen ihe seetionil 
turns lit SOUK times modihed by the yiosition of 
ihe had sckk Tn the mijoritv of e ises it is yilieed 
m tiont a little dist mee iway but m somt desi^^ns 


SWINCJ AMLRK L XTHE MEVVLD FROM VROXF 

I moic eenti il loi ition is chosen t ithei ibout hilt 
way iiyi md to one side or close u]) iinihi the ledge 
ot the front sheai 1 he pull on the e iimge is moie 
central and the sciew is bettei ])iote(t(d llu 
Whitworth type of bed ( 4 ] his the strew st t as 
shown and suyijioiteci on yiart ot its c ii iimftitnei 
by beaimgs 

Soim of the he iv\ 1 ithes h ive hetK with igieatei 
niimbei of bearing stnyis on the toy, md in t\])es 
wheie the inliie suldlt is 
not mov d stli letinglv 
tec slots IK ist to bolt 
the It sis tlown by md 
ilso 1 i ks to l> ii the lests 
into new ) ositioiis 

^])eelll seetion> of 1 eels 
are the ft out did ind the 
trial (jidai A stxlc used 
tor Im ch lithe s tonus i 
por tion of i IK le lh( re si 
beingfl itt ne I oil toe iiry 
the he ids md ■^lidc test 
The tiont slide beds have 
the II ht um^ siiif ices 
iiyion the tieiiil iiiste id ot 
the tr p mel the slide 
lest tiuels witliemt eomin^ t ml ot the back 
po))f)et Jheeuttings moieovei f ill e fi But the 
chief ulvmtige eif the design is tint it ]>e units ot 
titling i iLtticrd did< a useful lelditieni toi milling 
Ihe longitudinal forms ot beds ])iiii ip illv vm 
in being eithti /il ini oi qa/ Ibe 1 ittei ) le iks the 
continuity of the toj) by i spi e in liont of the 
held enililin^ whnls, ete tei be swiin_ of lii^ei 
di mieter thm the iieinn il e ijn itv evei 
tile to]) e)f the be el Ihe ,^ip m ly e)i nny 
not he tilled in foroidiniiv im witli 
bridge pun over w Inch the s iddU | isse 
The we ikening of the led Ic tlie ^ip i 
eomyiensited ioi bye uimii^ ni] le me til 
down below Fig 5 illusti ite s lem^it iidin il 
md cross see tieins of i ^e)e)dt\|t ef bed 
( ist ot^ box foiiii with Jj^hfemn^ hole 
md eireulii wells tor the ut titles to fill 
eleai thremgh ihe hrieUe | le e l^ titteel 
in with shoulders and i held with i bolt 
J he ross section il outline k shown en 
luged beneath tiken it the yiosition 
inciie itcel by the dotteel line 

In the itiomhlt gap beds in oyitning of 
consleterable width is obt lined by fittin^ 
i supplementary oi to)) bed on the mmi 
one this upix'r bed bein^ slid dong te 
close or oyien out the width nailable t a 
Iirgei objects Gajibeds ha\e alw lys been 
more yxopular in Fnghmd than in the 
United 'st ites They aie of gie it v lue m 
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einneral sho])S, because the range of a given la t lie is 
not restrieted, and it saves sending work iia\ing 
one part of large diameter to a lathe otherwise 
needlessly big for the job. 

The mounting of a lathe bed whieh is not of 
suflfieient depth to rest directly u])on the ground is 
U])on east fogs, the tallest of whieh are to be 
found in the small amatx^urs’ treadle lathes. In 
this ease, the standards serve as supports for the 
cravk axle. The hollow box standard is increasing 
in favour for engineers’ lathes; i. is usually fitted 
with a door, and shelves are placed inside to carry 
tools, etc. (Convenience is thereby studied, and a 
more rigid supjiort afforded than that given by jilain 
legs. A tray is often la-ovided below the lathe bed 
to hold tools, or to catch lubricant and (‘uttings. 
A single standard is sufficient in some short-lK‘d 
lathes, the top being formed into a tray. Standards 
in some instances take a three- ])oint bearing on the 
<ground, in^teail of the usual four, so that tendency 
to distortion through uneven foundations is obvi- 
ated, the idea being borrowed from the familiar 
three-legged stool, whieh does not rock. 

Headstocks. In the majority of cases, the 
headstock is a sejiarate casting bolted down to the 
bed, but in certain special lathes th(‘ head and bed 
are cast in one piece, to gain solidity, (’apstan 
lathes are the types ])rincipally so fittt*d. The 
ordinary headstocks consist of a base- plate, with 
whi(d\ are east two uprights, to serve as bearings 
for the n 'ndrel at back and front. In a plain lathe 
there is nothing else but th(* mandrel and the pulley ; 
wh(-n gears are introduced, alt(‘ratious ai)pear in the 
head easting. The fitting of a mandrel in its bear- 
ings is a most important matter, affecting the Inith 
of the work ])rodiiced, and there are a great many 
uays of attaining the object. Apart from easy 
running, means must lie ])rovid(‘d for taking uj) 
slack as wear occurs, and this should b(‘ done without 
having to dismantle the head. Then' are thna* 
methods in common emjdoyrnent. One is to make 
the vrel:.s of th(‘ mandrel coned, to be drawn into a 
I ipered bearing, thus absorbing slack; another to 
have parallel necks, and run them in bushes, which 
are coned outside, to draw into coned holes in the 
head. I'lie bushes, being split, contract upon the 
mandrel when moved endwise. The third method 
.s to employ jilain brasses, in halves, and closed 
down with a cap, lii'ld with set-serews. 

In tli(‘ best Knglish ]>ractice. (*f)ned ne<'kK, nmning 
ill hardened steel bushes, have been usi'd for many 
yi'ars, and, ])rovided they ar<* projicrly liardenoil 
and fitted, no troulih' is exjierii'nced. A\'hen badly 


made, however, difficulties oceur through seizing of 
the steel surfaces. In America, bearings of softer 
metal have been favoured, such as (‘ast iron, gun- 
metal, jihosphor- bronze. Babbitt, and white metals. 
Practically all lathe-makers now employ these 
materials, especially the phosphor-bronze and the 
Babbitt. 



21. SURFACTNCJ AND BOR1NC3 L\THE 
(John Larij; cV' Sous, Jolinstoiu ) 


A (juesfion nearly as im])orfMnf as that of the 
necks relates to end-thrust when the lathe is working. 
In the more primitive' lathes the mandrel has only 
a front bearing, and its back end is su))])orted by a 
liardeiK'd point -centre, which receives the thrust, 
a construction still followed in many amateurs’ 
lathes. But it is more satisfactory to have two 
lu'arings cm-ircling the sj)jndle. Then the thrust - 
]>in must he placed beyond the rcai‘ bearing, being 
Iicld by a eou))le of pillars and a bridge-])i(‘ee. An 
alternative to the ])ointed centre is to have a plain 
pin, bearing on the flat end of tlie mandrel. Pig. 6 
illustrates this, as well as the eoned iK'ck fitting 
just mentioned. The hinder eoru' is keyc'd on the 
jnandiel, and forced u]) with nuts to maintain the 
running fit. 

d'he ol>jection fo these end pins is tliat tlu'y do 
not permit of the convenient removal and rei>lace- 
ment of the mandrel ])inion. used for serew-euiting 
and turning, and they cannot be used at all with 
hollow spindles. Two ways are tlu'n available— 
])lain thrust »'ings. or collars of Imrdened steel or 
)>ronzt‘ may be used, or ball races, the latter being 
extensively employed now for light lathes. The 
thrust fitting is located at the front bearing or tlie 
back one, tlie latti'r being usual. In 7 the thrust 
IS receive<l in a easting at the extn'ine rear, with 
collars, an adjusting sen'w and lock nut making 
endlong alterations. 'rite nec'k bt'a rings of the 
spindle are of tlu' coned-sleeve t\p^', fitted with 
nuts at each end. 

The fittings which go on the spindle include the 
chucks, the cone pulley, the first back- 
gear ])mion, and the lusi wheel (or more if 
extra gear is included), the iiinioii for screw- 
cutting. and a belt jadley or jiinion for 
feeding. The nose is coarsely tliri'aded to 
receive the ebiif'ks, and there is a hole for 
tlie ei'ntre. 

fiacK Gear* As aln'ady mentioned, 
belt cones alone do not afford enough 
l)ower for heavy cutting, a gain being 
therefore necessary by gears, termed huek 
gears. The most common form of these is 
showm in 8, a plan view' of a head. It may 
be mentioned that the back-thrust device 
is similar to that in 7. The belt drives 
the stepped cone. A, at various speeds, 
the cone running loosi' on the spindle, 
and carrying with it a toothed pinion, 
K B diives a wheel, (\ on a (juill, with 
whieh is east pinion T), driving the wheel E, 



MASSIVE LATHE FOR HIGH- SPEED STEELS 
(De.in, Smith & (hiu-e, Ltd., Keighley) 
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keyed on the mandrel. Tlicco is a double gain, 
which is usually designed to rotate the mandrel 
nine times slower than the belt pulley. But for light 
cutting, which the belt alone can tackle, connection 



22. iiVS LATHE WITHOUT POITET (TIm- Nilcs-Benient-Pond Co.) 

is made direct from A to E by sliding the bolt seen 
in E up the slot, and tightening it to engage with a 
stud ca.st on the disc of A, the latter then driving 
positively, while the gears, B, C, T), are out of action. 

^Bhey are put out by throwing C and D backwards, 
their spmdlc being keyed at each end in eccentric 
bushes resting in the extensions cast on the head. 

One eceentrio bush is formed with a handle, seen in 
the end projection, by which the eccentric arc of 
rotation is given. The bush is sometimes locked 
with a pin to f)revent the gears falling back, but 
by loeatjng the eccentric in a certain way the pin 
may be dis])ensed with, as in the example shown. 

Formerly the back gears were slid endwi.se to 
dj.sengagt‘. but the eccentric tlirow-out is now 
preferred. 

A design of back gear which gives the choice of 
two ratios is that in 9. There arc two </cars on the 
left-hand end of the eccentric (piill. When set in 
the manner shown, a laaluction of 3 to 1 is effected, 
but by sliding the larger gear along into engagement 
with the smaller [)inion on the mandrel (tli<' other 
gear on the quill being, of course, simultaneously slid 
out of mesh), a reduction of t) to 1 is given. 'J’he 
.‘f to 1 ratio is useful for w'ork Avhich requires a high 
sjK'cd, wdth more ])owa*r than the belt drive alone can 
provide. 

A development of recent years is the friction- 
(jcarcfj head, adojited chiefly for capstan lathes, by 
which the ojicrations 
of stopping the lathe 
and moving the lock- 
ing bolt in the large 
mandrel gear are 
avoided, the change 
from direct belt drive 
to gear being made 
instantly by throwing 
over a lever. 

Fig. 10 is an eleva- 
tion of a friction- 
geared head of a 
eapstaii lathe by H. 

W. Ward k Vo., Bir- 
mingham. The goiirs 
are enclo.sed under 
guards, but the re.sem- 
blance to those in 8 w ill 


bo apparent. The steiqicd cone. A, has its pinion, 
B, attached with screws and bushed with gun- 
met d; B drives a w’heel on the back-gear shaft 
(not showTi), and the pinion couuccted with this 
(lrivi‘s to spur wluad, C, running 
loosely on tlu' mandrel, at a ratio 
of 4 to 1. A sleeve, J), is kcyial 
f ’st on the mandrel ladwTcu the 
spur wheel and the com*, A, and 
is e.vtended into flanges that lie 
within A and C. Ring friction 
clntche.s are formed inside the 
flanges, as shown, and the expan- 
sion of the split rings produces 
siifhciont friction within the 
cone or the wli<‘el to drive. The 
action is effected by the handle, 
E, which has a ]>inion moving a 
rack on a sleeve sliding on D. 
so that the sleeve is .slid to right oi 
left. Recesses on the body coerce 
little toggle levers, F and Cf, which 
are ])iv()fed to jire.ss down wedges 
between the halves of the friction 
rings, and so expand them. If the 
lever is moved to the [(‘ft, thcre- 
for(‘, the eoni'. A, drives the sleeve, and thence the 
mandrel; if to fh(‘ right, the spur, (', drives the 
sleeve and mandrel, and the back gears therefore 
come into action. 1 n the m iddle posit ioii of the lever 
the mandrel remains still. When the cone is driving 
direct the ba(‘k gears may be throwm out by thi‘ 
usual eceentrio, or left running if changes are fre- 
quent, as w'hen turning and scia'wung alternate, 
requiring fast and slow sjieeds respectively. Tht‘ 
s])indlo has a 2J-in. hole right through for bars, and 
there arc three jirotected set .screws at the back to 
keep the bar (‘cntral at that end, various chucks 
being fitted at the other (md or 
As lathes got heavier, the ordinary back gear is 
insufficient to g.iiri th(‘ jiower n(‘c(‘ssary, and ('xtra 
trains are therefore introduc(‘d, tnt^lc or qundrnfi(< , 
with the o])tion of using the direct belt drive* or tlu* 
ordinary double gear. The last ])inion iu such 
l.»th(‘s drives on to a s])ur ring forming ])art of the 



\XLE-TUEN1NG LATHE (James Spencer & Co., Ilolliiiwood) 
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fare plnf/O, so that the power is delivered at the 
most suitable location, and the spindle is relieved 
of a good deal of strain. 

A oonsideri hie difference has been brought about 


front of M are for locking the movable frame in each 
])osition by a ha^idlo and spring catch. The gears are 
so calculated as to give the regular set of threads 
from 0 to 20, others being obtainable by substi- 



24. DOUBLE RAILWAY WHEEL LATHE 


in lK‘adslo(‘ks l)y the advent of high-speed 
steels, which are able to t.ike greater cuts 
than the usual type of lath(‘ can drive. The 
\ aria t inns take the form of larg<‘r belt cones, 
increased gear gain, or tlu' em])loyment of 
all-gear heads, which derive their power frt)m 
either a single belt pulley or an electric 
motor, all changes in speed and 
])ower being (‘fleeted through 
sliding gc-ars or keys. 

The screw-cutting arrange- 
ments of heads have b(‘en de- 
scribed on page !1()2S, and this 
is the usual typ(‘ of titting. A 
devic(‘ which is now eni]>loyed 
to a lai‘g(‘ extent on small and 
m(‘dium-si/.ed lathes obviates 
the n(‘cessity of changing the 
g(‘a?‘s from their studs whenever 
a different pitch of screw has to be cut. 

This, the Hendey-Norton system, is shown 
]r> 11, which is a part sectional elevation 
through the head and end of the bed, 
containing the change mechanism. Tin* 
j union. A, (;n the tail of the spindle drives 
ihrough an idlei’, B, which can bo slid out 
of gear endwis(’. H drives (\ mounted 



luting a different geir for the one at L. Fc'cds ai(‘ 
obtained by using the lead screw to actuate gears, 
, by a splin(‘ down its length, 

and so to travel the carriage. 

Poppets. The pop])el, or 
loose' headstock, is used in all 
lathes excepting those which do 
face work only, or turn long 
])ieces with the help of guidt's 
coml)ined with the tools. The 
two essentials in a popjiet are 
means h’lr moving and eiain])ing 
the main easting, and then 
giving a short movement to the 
centre to force it up to the work. 
In 12 , it wall be seen thattlu' 
body is ])rovided with longues 
on the base, which tit betw'eeii 
the shears and keep the]) 0 ])pct 
centre in alignment. Clamping 
is done by the bolt, which 
draws up the washer ])late 
against the undei' side (^f the 
shears, and also, by means of 
1h(‘ vee-fitting, })ulls the po|i])et 
over to one side, which neutral- 


DOXTBJ.E KATTAV \Y 
WHEEL LATHE 
Tians\ tavc section 


the shaft, E, either direct, wdien the elnw 
clutch seen is slid into engagement with 
T), or jn t he r(‘verse direct ion, through the 
large beve' wheel, if the clutch is meshed 
with F. The sliaft, E, then rotates jiinion 
({ on its end. The movements of the 
eluteh an' obtained through the rod, 

H, o])('rating the curved pivoted lever 
se('n dotted, H being extended througli 
into the earriage, and there moved by the 
turner at a?iy fiositioii witliout having to 
go to the headstock. The tckI, .J, is also 
('\ tended to tin* earriage, and is struck by dogs, 
which have the effect of throwing the clutch 
mechanism just described out of gear, instantly 
arresting the travel of th(' tool, a useful pro\ ision 
when cutting up to shoulders. 

The driv(‘ from (1 is through wheel, K, and jiinion, 
]j ; the last-named rotates a shaft going inside 
tlie gear-box, M, and (‘om munieating to a larger 
wheel held in a pivoted frame. By this means the 
wheel may be moved along and thiown into mesh 
with any of the 12 gears, N, on the end of the lead 
Hcn^w, 0, thus enabling 12 (ihanges to he obtained 
w ithout touching a gear. The slots and holes on the 
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hfirrd lying 
within the east- 
ing, and moved 
haekward or 
forw'ard by tlie 
sere w a n d 
hand wheel. 

By tightening 
uj> the small 
handle seen, the 
barrel is locked by the action of closing in the sjilit 
portion. I'he centre may be ejected by turning 
the liand wheel sufficiently far, causing the end of 
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26. CIRCULAR CAPSTAN 
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the screw to press np:ainst the tail of the centre and 

push it out. On looking at the end view, it will be 

seen that the casting is cut away at the front, 

facing the turner ; the object of this is to allow the 

handle of the top _ 

slide of the rest to ^ 

clear when turning f f ^ 

work with the ((((v'C^ ')))&! -- - ■ 

poppet close up to — i 

the rest. The chief /--'n 

ways in which j)op- 

})ets vary from this I f /LU^i 

exam])le include 

over fittings and [ ^ 

methods of opera- I"'* ; 

ting the barrel ; ' 

screw. The set- 

over poy)pet is con- I 1 1 

structed with the Ik 

u])per part sliding 

across the base, 

olampcUo thp b,.d, 27. OPEN-SPINDLE 

by which means the 

centr(‘ can be thrown over to one side by a definite 
amount, enabling long objects to be turned taper- 
ing, instead of yiarallel, as when the centre is m 
alignment with the headstock. The setting is done 
witli screws, and the clumping with set-screws or 
bolts. The heavier poyiyicts are different in several 
resp(‘cts from small ones ; more holding-down bolts, 
four, or six in number, are used. The barrel is not 
moved out direct by a hand wheel at the end, but 
through intermediate gears, the wheel being brought 
to the front, near the nose, in order that the turner 
may have it conveniently close. Rack and pinion 
gear is also necessary to move the massive poppets 
along their beds. 

Rests. The hand-rest is used for wood-turning 
and light metal work. It takes the form of 
a tee-shaped jiiecc held in a vertical socket, \ 


The slide-rest in its simplest form consists of two 
slides su]>er imposed, the top one travelling parallel 
to the axis of the lathe centres, the lower one at 
right angle.s or transversely thereto, constituting 


a p-_ 







28. CAPSTAN FOR SHORT WORK 

is clamped to the bed at any desired position. The 
rest does not control the tool, but simply supports 
it, the movements being effected by the turner. 


27. OPEN-SPlNDLE CAPSTAN LATHE (Webster A Bennett, Ltd ) 

side by a definite what is termed a compound r(‘st. Tapered or 

be turned taper- bevelled jiarts arc provided for by a swivelling 

the centre is m movement, yiroduced by Die toy) sliclc turning on a 

ho sett ing is done circular face, bolts locking it thereto. Division.s 

I'ith sot-screws or around the edge indicate the amount of angling, 

ifforent in several The slides arc moved along with screws, working m 

)lding-down bolts, nuts fastened to the under sides of each slide. 

The barrel is not (Timy>ing yilatos and studs on the toyi face of the 

1 at the end, but upper slide hold the tools in yilact* lirmly. The usual 

leel being brought method is to have four studs, with nuts, and two 

cr that the turner yilatcs ; anotluT tyyio has a block held on the rest 

Rack and yunion with a central bolt, and the tool is held with a 

1 massive yioyiyiets eouyile of screws yiussing through the oyien side of 

the block. In America, the single yullar tooj-})ost ts 
for wood-turning favoured, consisting of a slotti'd yiost, in which tht* 

ae form of fool is clam])ed with a set-screw from above, as 

jal socket , \ 14 . A convex stri]) lying m a concave 

rhe sock(‘t washer is also usual ; it allows of filtering the height 

^ool y>oint by tilting, to bring it fihvays level 

' ll /fit' with the lathe axis. 

^ ‘ ' 'ti j The length of the slides of tlu' re-.! described 

^ - - . - - iL above limits the length of work which can be turned 
- (i IF- at one setting. In the sliding lathes, the rest is 

N\ enlarged into a saddle or carriage, which slides along 

bed from end to end within th(‘ limits imposed 
^ — If jh by the headsto(‘ks. The sliding motion is yiroduced 

— 7/ / • S^'^wing with a r.ick on the front of thr 

J jf ' b<*d, the ])inioii being rotated by a handle or W'hcel. 

A more regular movement iiwiy be imyiartcd by 
yiower, as in the self-acting sliding lathc'^. A shaft 
at the back or the front of the bed is driven by 

■/ FL y belt-cones or gears from the he.idstock .sjiindle, and 

/ / (‘ommunicates varying rates of motion to <l worm- 

/ / W'heel on the saddle, through the medium of a worm 

/ /c which is free to slide over the syilmcd fied-shnft as 

/ / the saddle travels. The worm-whecd operates fi 

^ ^ train of spur gears ending in the rack yiinion. In 

/ „ ' the silf-acting sliding and surfacing lathes, an auto- 

^ matie surfficmg or cross-fnd is obtfiined by gears 
~ ~ , I, , connected to the end ot th(‘ cross-slide screw. 

^ The most comjilete lathes tor sliding, sur- 

^ /aci’ai/, and .vm/c-cKt/mr/ have, in addition, 

h a Icad-screw' driven by the change wheels at 

" ■ detinite rates, the screw communicating 

^ longitudinal motion directly to the saddle 

> [pj [ ^ by a nut, the clasp-nut, so called because it can 

wTiRK made to embrace the screw at will, either by 

forming it as a half-nut, pushed u]) or down to 
ed yiosition. The engage with the threads; or in two pieces, which are 

; simyily supports opened or closed upon the screw. A cam plate is 

by the turner. the usual medium of oyieration, an examyde of which 
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is sliown on ])age 828 1821. The respective }»osi- 
lions of the lead-screw and the feed-shaft were 
formerly at front and back res])ectively of the bed, 
hence tlie term barJc-Mhaft. The latter was driven by 
belt from cones on the heads! ock. An increasing 
practice, however, now is to put the feed-shaft in 
front below the lead-screw, which is a more compact 
arrangement, and admits of using a single set of 
change gears such as that in 11 for both screw and 
shaft. The shaft is frequently abolished altogether, 
the screw t)eing spliiK'd to serve the double })ur))Ose, 
its feed worju sliding over the tops of the threads. 

A suldlc combining movements by lead-screw and 
back-shaft is shown in 13 . The saddle itself. A, is 
rack(‘d along the bed by the handle B rotating a 
])inion, C\ gearing with the rack D. The self-acting 
sliding motion is derived from the back-.shaft, K, 
rotating the worm, F, and wheel, (k The latter 
acliiatesa ])ininn, H,and thence a sptir, .l,ona shaft 
uhich runs right tlirough the .saddle. a))])earing on 
the front with a ])iiiion. K, (‘Ugaging with a wheel, J^. 
1’he last runs loosely, but may be locked to a boss 
and di'-c keyed on the rack ])inion shaft, by means 
of a wing-nut lightening a bolt in a slot running 
round L, so that the feed may be thrown in at any 


upon the a]>ron gears, the bed. A, being indicated, 
and the rack, B, dotted, because it lies above the 
moehanism drawn. The feed-rod, C (which lies in 
a plane below the gears, sliown to the right, though 
draw’n as though all in one plane), revolves the 
bevel gear sleeve, D, by a keyway and feather. The 
bevels at each end of ]) may be slid into engage- 
ment by the knob, E, with bevel, F, for feeding to 
right or left. F is keyed on spur pinion (1, which 
rotates the wheel H, and the latb'‘r is caused to move 
lh(‘ pinion, J. when the friction-disc keyed on the 
shaft of J is drawn into frictional contact with H 
by the screw knob l.^. The ]>inion, d, then turns the 
W'heel Af, with its pinion engaging in the rack. Hand 
movement is otTected by the wheel, N, also having a 
j)ini(tn engaging wu’th ]\I. The self-acting cross 
traverse is produced by a ])inion above H connecting 
it to another ])inion on the cross-feed screw, the 
details not aj)])earing in the view. 

The stepped feed cones formerly employed 
e.vclusively for ojierating back-shafts have given 
])lace largely to gear drives, which are more power- 
ful. (dianges are made cither by sliding different 
sets into mesh with each other, or by the use of 
a sliding key, as in 15 . There are two shafts, 
one. A, on the end of which a s])ur 



29 . LATHE WITH HEXAGON HOLLOW TITHRET 
IlcrUort, Ltd., (’o\enU-.\) 


gear is keyed, and driven by 
others from the mandrel. Three 
pinions are ki'yed on the other 
(‘nd of A, and constantly engage 
with three running loosely on 
the end of the feed-shaft, B. 
Thosliaft is grooved to hold a 
sliding key pinmal into a collar, 
(’. moved by the handle, I). 
When, therefore, the end of the 
key slips up into the ki‘yway in 
any of the throe loose ])inions, 
that one starts to drive the shaft, 
B. Three rates are tlu'refore 
obtainahle by sim])ly moving the 
han(ll(‘, and otluT different ones 
by substitntiug fresh gears on 
the l(‘ft-hand end of A. 


]>oint of revolution. Tlie teeth of the gears are 
usually eovei'cd W'ilh guards. The lead-screw with 
its ela^p-niit is seen at M. The upper slide, N, is fed 
across by handle and screw (not shown) : it ha.s a 
swivel facing, with bolts in a circular tee-slot, by 
which the toj» slide is held. This also has its screw% 
and the elam])ing plates. It may be noted here 
that the u])permost slide is not always fitted ; a 
practice which is very common in the [Tnited States 
is to dis])ensc with the last slide, and move the 
<*arriage bodily for feeding to or from the hcad.stock. 
"Ehe foj’in is then tliat in 14 , the transverse^ slide on 
the carriage carrying tlie tool-post. The carriage 
is seen to hear on two vees only, the central ones 


Taper-turning Attachment. We have 
seen that tapered work may be prodn(*ed cither by 
.swivelling the toj) .slide of the rest or liy setting the 
])op])et over, the tirsl for short ta^iers, the second tor 
long ones. ITere is another device, more eominoii in 
Americ.ithan in England, wiiicli avoids the necessity 
of touching tlic po])])ct .sotting, and showTi in 17 , 
a view' looking down iqion a 14-in. swing Pr.itt it 
Whitney <n^}uc lathe, as th(‘ most comjilcte lathes 
are termed. Tin* part of the slide-rest w'hich moves 
at right anglc'^ across the carriage has an extension, 
to the cud of W'hich is jiivoted .a block, resting in a 
grooved slide siip))orted on braek(‘ts at the back of 
the bed. The screw of the slide which carries the 


being reserved for the po[)]X't to slide upon. The block is temjiorarily disconneettai ; if, therefore, 

front ])ortion or ajiron which hangs down in front the grooved slide is swivelled aioimd to an angle 
is omitted in this view. with the lathe axis, tlie block in travelling must be 


When the style of liack-, shaft in 13 is used for 
self-acting ci oss-feed, one of the sjnir wheels engages 
with a pinion i nnning lc»OHely on the end of the cross- 
feed screw', but made to drive the same, when 
desircal, })v means of a friction clutch, a device 
which is show'n on ]mge IKil [111]. 


coerced and drawn over, pulling the slide with it 
and so turning tajKT. I'hc exact amount is deter- 
mined by the .setting, wliicli is found by graduations 
on the grooveal bar. This attachment is ap])lied 
also to lathes cutting tajKTcd screws, and holes may 
be bored ta])er. 


Wlien the feed-shaft is located in front of the bed 
tlie j>ow cr i> taken off by worm or bevel gears, and 
transmitted through spur gears to the rack and 
t he cross- feed sca ew . 'J’hese a pron gears are arranged 
in a great many ways by different makers. Fig. 16 
embodies the principal ])ojnts which are found in 
the majority. The view is a section looking down 


Examples of Lathes. Ifaving pointed out 
the main features of lathes of the more usual t 3 qies, 
we may consider the genc'ral build and the modi- 
fications introduced for special functioihs. The 
tyi^es of lathe.s run into many dozens, but the}" all 
have something in common with each other. A 
typie.’d English and an American lathe are seen in 
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18 nnd 19, embodying many of the points already 
discussed. Fig. 18 is a gap lathe, and has lead- 
screw and back - shaft, while in 19 the lead-screw 
is splined to form a feed-shaft. 

Fig. 20 is a modified fy])e which in the carriage 
bears some resemblances to American ])ractice, but 
the lathe is made massively for work with high- 
sjx'ed steels. The belt cones are much larger than 
usual. The feed-shaft is below the lead-screw. 

For work which does not require the use of a 
poppet — such as turning, boring and facing wheels, 
disi's, etc, held on a faee-]ilate or chuck, the sur- 
facing and boring lathes an' employed [21| There 
is no lead-sci'cvv, lait a number 
of changes of feed are obtained 
by gears in the box in front of 
the head and transmitted to 
the saddle by feed-shaft. The 
nature of much of the work 
done on these lathes n'quires 
fre(juent changes of s])indle 
s]>eed, as when facing across a 
broad disc. Mess?-s. Lang & 

Sons ha\(‘ brought out a n(‘w 
type of hcadstock, in which a 
range of s])eeds may be grad- 
ually merged from the slow'cst 
to lh(‘ fastest, or vice versa, by 
means of a special belt on ex- 
] landing cones. 

Break lath(*sare thos(‘ ha\ ing 
a large gaj). ])ro(luce(l by bolt- 
ing the bed scqiarately ujum a 
has(‘j)latt, so making a break 
in tli(‘ continuity of the surfaces. The basc-plate 
carries one or two rests on pillars, and the sep.arate 
bed also has rest and ])o|)p(‘t. Fly-w hc(‘ls are tyjiical 
of the class of work done in these lathes. 

Double rallmuf iHml latlu's are s])ecially desigmal 
for turning a ]iair of wheels simultaneously on their 
axle. Figs. 24 and 25 show an (*xain])le by Me.ssrs. 
flames Spencer iV (V)., oi llollinwood. There are 
two heads. A, B, th(‘ lirst of which is the main one. 
Its stepped cones, di ive the pinion, T), and thence 



31. AVTo!VT\TI(^ SC'UEW MACHINE 
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the spur whec'l. F. the last being keyed on a shaft 
which runs tlnoiigh the bed, and drives each face- 
'platc, F, L, simultaneously by a j)inion beneath 
engaging in rings of s])ur teeth on each j)late. By 
this means both wdieels are driven and no torsion 
comes on the axle, which simply rests on the point 
centres fitted to each face-plate. The wdieels are 
dri\en by ])ins, H H. shown on plate (1, and the 
plate F also titted with four adjustable jaw's. 


MECHANICAL ENQINEERINQ 

two of which are seen in front view in 25, to grip 
tyres for boring, when there are no w heeds to be 
clone. These jaws are moved radially by screws, 
and edamped with bolts. Several tee-*slot.s are also 
made in the jdate for holding the driving ])ins, II H. 
In order to aceommodalc differing lengths of axles, 
the head, B, is made to move along the bed by rack 
and pinion, seen on the front, a final adjustment of 
the point centre htdng effected by the hand wheel, 
.1. ojierating gears, and thence a screw inside the 
cast-iron sjiindlc. Axh's are removed by working .1 
to withdraw th(‘ centre sufliciently. A crane is, of 
course, necfs^ »rv to cany flic axh''! and wheels to 


and from tlio 1afho. The sbde-rests, K K, two in 
number as shown, or du])lex, jilaced a I troni and 
liack, a?-c carried by pillars on sole plates, nesting 
partly on an (‘xtension of the bed, and llii' lU'ci's- 
snry nioveimuils are im])arted by working the 
iipiier slides either by hand or seJf-aetingly. The 
s(df-acting feed is derived from a gi'ar, L, driving 
anotlier liencath it, and thenei' a sloffcal crank 
disc. M. which reciprocates a coniu'ct mg rod, N, 
joinf(‘d to one crossing the bed, (), ami rocking 
a shaft, P, at the front. Two (piailrants or 
part wIk'cIs, Q Q, rcci]>rocat(* ch.iins ])assing np 
over tile wheels on the slide-rest scri'W (‘iids, and 
ratchets inside these wliccls give* lh(‘ scnwvs an 
intermittent motion, feeding tin* n^sls hit by bit. 
This is a device much adopt '*d in other tyjies of 
lathes though it has given ])laec in many eases tcf 
continuous fei'diug by shafts and g'Mi'^. 'I'Ik' rests, 
K. hav<‘ two circular swivi'ls, as siaui, the obji'ct 
being to leave the lowi'r om‘ sc't for luiuimg tlic 
tajicrcd (roads, wliik* still being able to hicc straight 
across the sides of the wheels with the uj>pcr ])ar( 
.set sijuarely. 

Sonic lathe wliccls have extra atf a<'*hmcnls in 
th(‘ shajM' of boring bars for boring out the bosses 
of wheel centres. 

The crankshaft latlu's an* eliaracl(‘ris(‘d liy mas- 
si\eness and grc'at lengtli : they are employed for 
turning crank and other he, ivy shafting, especially 
tor marine engines. 

A number of sli le res's arc us mI. Some crank- 
shift lathes have a eouph* of sp(‘cially narrow 
rests, to pass between th(‘ webs of cranks which 
th(' ordinary rests could not reach. In such 
heavy lathes as these, and other kinds, the le,id- 
serews a?‘e .sometimes non-revolving, a nut being 
made to rotate around them instead, and so nio\(‘ 
till* saddles along. 

Guu lathes have some points in common wuth 
crank-shaft lathes, Imt. m addition, encircling 
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steady rests are necessary to support the bodies. In 
some the popi^t is not used at all, but the gun 
is supported only at the heads took end, with 
one or more steadies between that and the 
other end of the gun. This permits the use of a 
boring bar working at the free end. \\ hen there 
is a po]>j>et, su])])ort may he also given by a 
steady-rest. A latlie without poi'pet is seen 
in 22 " two steady-rests being in use, and tlie 
slide-rest is shown facing across the muzzle. 

Lathes adai)ted for boring inelude an ex- 
tended bed, carrying a boring bench, from 
whicli the long bar is supported and fed 
into the gun. Rifling is also effected by a bar. 

The lathes previously illustrated have 
all borne some resemblances to those of 
standard type, which were exemplified by 
18. Treating now of more s])ccialised 
forms, we find that considerable differences 
occur in heads. In the axle-turning lathes] 23] 
the head is placed in the centre of the bed length, 
leaving both ends of the axle free to be turned 
simultaneously, unencumbered by driving tackle. 
Two popjx'ts are necessary, the point centres of 
which support the axle-end.s. One of these poppets 
has a cross-motion by screw and handle, in order to 
allow space for the endlong withdrawal and inser- 
tion of axles. The head has a running sleeve 
driven by a tram of s])ur gears, and two prongs 
standing out engage with the carrier bolted on the 
axle. TuP principle of such a head is shown on 
page 8211 [w]. There is a crane combined w'ith 
this lathe, to lift axles in and out. 

Rail turning lathes are of a rather plain cha- 
raeter, but differ from ordinary practice by having 
.supports or bearings in which the roll necks 


run during turning, instead . of depending on tho 
point centres. 

Ridley -turning lathes are employed to turn 
pulleys and wheels after their bosses have been bored 
out on some other machine, the wheel being then 
put on a mandrel in tho lathe, and the rim turned 

U ilnii-L 




AUTOMATIC WIRE EEED 

with a special slide-rest, which may have provision 
by a curved slide for putting on the “ crowning 
which helps to retain a belt on a pulley. 

The subject of capstans opens up a wide field. 
The introduction of the fitting has created many 
new types of lathes and modified others. It is a 
simple idea, that of arranging a set of tools for a 
given job on a rcvolvable mounting, so that instead 
of having to loosen bolts, take out tools, and insert 
others (as in the ordinary lathe) any tool may be 
brought into action by the simple motion of a handle. 
The usual provision in capstans (or turrets) is for 
five or six tools. Some of square sha]->e carry four ; 
others of octagonal form hold eight. 

The plainest type of caj)stan has four recesses 
or ledges in which tools are pinched with sot-screws, 

the capstan turning 
on a circular facing, 
and being locked in 
either of the posi- 
tions required. Cir- 
cular capstans have 
tool holes bored in 
the body |26], and 
the shanks are 
clamped therein by 
set - screws from 
above. T h e 
capstan is 
mounted on a 
cross - slide 
moving on the 
saddle by the 
internal 
screw, actu- 
ated by tho 
hand - disc 
seen, to feed 
the tools up 
to their work. 
The caj)stan is 
locked in anv 


33* VERTICAL LATHE OF 30-IN. CAPACITY (Webster k Beiuiott, Ltd., Coventr.v) 
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of itft five positions by notches around the bahc (seen 
in the ])l<an view), the ])ivotcd handle. A, being pulled 
back a little sufficiently to revolve the capstan with 
the hand, and then let go, when the jjrojection on 
the handle slips into a notch, as seen, the coiled 
spring in the box, B, retaining it there thiough the 
pressure of its plunger on the end of A. 

A lathe with capstan similar in style to 26 is illus- 
trated in elevation and end view in 27. It i‘- of the 
ope7i‘Spi)idle design, a kind that has long been in 
favour for producing bolts, studs, scn'ws, juns, etc., 
from long pieces of bar pas^iing through the head, 
and cut oft as each piece is turned. The specird 
value of the long opening through the spindle. A, 
between the bearings, is that bolts and ]uns with 
heads may be inserted and pushed into the gri])- 
[ling chuck at the nose, the opening forming ,i 
space for the head which is not obtainable in 
ordinary bar chucks unless the jaws are made to 
open widely. The chuck of A is tightened or 
loosened with a large spanner on the outside, the 
bar being gripped \\ith taper-body jaws closed m 
by the action of the nut. 

The spindle is locked during the use of the 
spanner liy handle, B. Driving is elleetial by tli<‘ 
four-speed belt cone, The self-acting movement 
of the saddle is produced by belt from th(‘ small 
pulley, D driving E, the latter transmitting motion 
to the feed-shaft, F, through the box of change-gears 
interposed, giving three changes, by the handle, (k 
'The shaft, F, turns a sliding worm in the box on 
the saddle, rotating a worm-wheel on the rack pinion 
shaft. Hand movement is effected by a handle on 
the squared end of the worm and rack pinion shaft, 
the feed being thrown out of a<'tion by the small 
eross-handle seen. Adjustable stops are mounted 
on a bar, H, to arrest the travel of the saddle at 
liredetcrmined points for repetition work. There is a 
dir-hend at the back of the saddle, that may be 
thrown back out of the way when not required for 
screwing bolts, etc. 

The ca[)stan in these illustrations is what may 
be termed the ‘‘ siclc-sct ” tyjie, because it is placed 
in front of the work, and presents tools in holders 
resembling those used in the ordinary slide-rest. As 
tfieni is no su))port to the bar away from the. 
chuck, it is impossililc to turn a long piece without 
it springing even if a jioppet i,s used. But with 
another kind of capstan w'hieh is etuitrally set in line 
with the lathe axis, lengths of several feet may be 
turned, because the bar jiasses right throuLdi the 



34 . VERTICAL LATHE WITH TWO TOOL SLIDES 
(Geor-c Richards & Co., , Broadlieat h) 


turnd, .ind is steadied by guides combined with the 
tools — box tooD. For such long movements it is 
el(‘arly impossible to have a central bolt standing 
up in the turret centre, as in 26, and a sort of turn- 
table device is therefore adopted, leaving an open 
area inside the turret. 

When the length of work is short enough to allow 
of a central bolt standing uj), the construction 
shown in 28 is followisl. The base portion, A, is 
clamjied to the bed, and the slide, B, moved up to 
and back from the headstock bv the pivoted 
handle, C ; the stop-screw, D, at the rear arrests 
the movement positively. The capstan is not 
revolved and locked separately, but time is saved 
by nmking the backward travel jierform the part 
lotation, Jt will b(‘ seen from the plan view, in 
part .section, that a ratchet is jilaeed m the e,ipstan 
base : one of the* teeth strikes against the lever. F, 
pivoted in the base, A, and thus forces the eafistaii 
to make a p.irt revolution. A locking plunger, F, 
is drawn out of one of tlu' notches seen in the 
ca]>stan before the revolution, and thrust into 
the next notch as it comes round. A gih strip is 
laid along'^ide F to take iiji it-^ slack wlien wear 
develoiis. The tool shanks ,ire not held in tlie 
capstan by jilairi set- 
screw's, but liy pads 
and bolts, as ^hown in 
tlie detail (1. The 
shank is gripped be- 
tween tlu* coneavi' 
edges of the bolt ,ind 
its pad Without anv 
danmge lanng eaustsl 
to the .surface',. 

A lathe (by the 
makers ot 28) with 
hexagon hollow turret 
is illustrated in 29. 
The saddle is moved 
along the bed by the 
large cross-handle at 
the front, or by power 
from the gear-box in 
front of the headstock. 
The headstock is un- 
like any we have* 
shown, the various 
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spt'od changes being derived from toothed gears 
inside the casing, there being only one belt pulley. 
The chuck on the spindle nose is opened and closed 
by the lever while the lathe is running. The tray 
and oil guards in it may be noted. 

A more massive ty]>e of lathe [80] is shown 
working on forged steel hydraulic jack bodies, the 
turret carrying boring and facing tools, and the 
cross - slide 
facing tools 
on a square 
turret. 

Turret 
lathes which 
carry through 
their o})eru' 
tions without 
attendance 
are tinned 
full automa- 
tics, to dis- 86. 4-, TAW CHUCK 

tinguish them 

from 6cw«-automatics. Automatic screw- 
machine is a more specific term, because 
screws and bolts were the primary objects 
produced at first, though the scope has been 
much extended. The various motions are 
effected by cams, usually on drums and 
discs beneath the framing [31] operating 
])ins and levers to open the chuck, feed the 
bar forward, grip it, work the turret and 
the cross-slides, and in some cases to chuck 
separate castings in succession, all auto- 
matically. The cam strips seen on the largo 
drums are bolted do\vTi at various angles [see 
pages 4323 and 4324] so that as the drums 
revolve the strips coerce the operating pins 
jirojecting dowTi below the head and the 
turret slide. 

The feeding and chucking mechanism of 
automatics, termed ivirc-feed (also fitted to 
hand cajistan lathes), includes a split, springy 
no^e[A, 32], v^hich, when pushed outwards, 
closes m and grips the bar inside it. The 
end motion is given by a cam strip (not shown) 
on the drum, B, i»iisliing slide, C, along, with it 
the ciicular sleeve, D, so thrusting apart the 
togule levers, E, and making their other ends thrust 
the tube of A along. 31ie feeding forward of the 
bar is effected by the split tube, F, which grips the 
bar with sufficient friction to move it forward when 
the chuck is opened. F is slid by the slide, G, at 
the end, also actuated by a ram strip. In hand- 
operated feeds, the ])laces of C and G are occupied 
by differently designed fittings, slid by levers. The 
spindle, as shovvii, has three pulleys, one central fast 
one and two side loose ones, having reverse belts, 
either of which may run on the central pulley to 
drive it in one or another direction. 

A class of lathe which usually includes a turret 
is the chasing lathe, that cuts screws by the use of 
a hob — a short screw — moving the nut of the slide- 
rest. 

Boring and turning mills, or vertical lathes, 
have the advantages arising from the horizontal 
position of their tables. A mill of .30-in. capacity 
in diameter is illustrated [33] to show the essential 
points of such machines. The table, A, has a large 
ta]>er spindle, and it runs upon an annular ring 
hearing close up under the face-plate or chuck. A 
spur-wheel, the bottom of which forms the running 
portion, rotates the table, being actuated from the 
train of gears seen inside the frame, primarily 


driven from the cone pulley, B. The handle, C, 
moves clutches to obtain two different speeds. 
A brake, D, arrests the table quickly by hand, to 
examine work. E is an alternative style of table 
with loose jaws. The turret head slide has cross 
and down feed derived from the pulley, F, which 
is belted up to a cone, G, whence a train of 
gears connect to the screw, H, for cross-traverse, 
and the splined shaft, d, for down feed, produced 
through gears inside the turret slide. The latter 
can be swivelled for tapered turning or boring. 
The worm-wheels, K K, are for throwing out the 
feed motions at any desired point ; these wheels 
are rotated slowly by worms on the feed rod and 
shaft, and have dogs clamped to their faces by 
circular tee-grooves. I’he dogs are set to strike 
the levers, L L, at a certain j)omt of the rotation, 
and so to throw out clinches on the rod and screw, 
stopping their action. The entire slide is counter- 
balanced by the weight and chains seen. 

A mill with two tool-slides, not having capstans, 
is shown in 34. The balancing of the tool rums 
is by enclosed springs, obviating the use of 
the rather clumsy chain and weight device. 
A mill of the heaviest class, taking 30 ft. 
diameter [85], involves a large amount of 
work which is not visible, being below the 
ground level. The table normally runs on 
an annular path of nearly the full diameter, 
but a footstep is placed at the bottom of 
the spindle, and a screw device is fitted 
to raise the weight of the table off tlie 
large path and take it on the small step, 
which results in easier and lighter running 
for trial chuckings and light boring. 

We have noted several chucks incidentally 
in the various lathes. When the chuck is 
made se})arately, to screw on to the spindle 
nose, it is usually of the four-jaw pattern 
[86], with the jaws moved radially by square- 
threaded screws, and clamped by nuts and 
washers on the back when the uork is set 
truly, jaws are moved independently, 

and circles are scribed on the chuck face 
to set approximately by. Self-centring chucks have 
all the jaws moved simultaneously, of uhich 37 (by 
Gharles Taylor, 

Birmingham) is 
an exainy)]e. 

The three jaws 
are operated by 
threads on their 
backs, moved by 
a ring having a 
set of spiral 
grooves radmt- 33 . CLEMENTs’ DRIVER 
ing from the 

centre. One of three bevel pinions is turned by a 
square-hole handle to revolve the spiral ring. Both 
independent and concentric motions are included 
in sonic chucks. Another important accessory U 
the lathe is the Clements driver [38], an im 
provement on the single pin driver j)Iate, showi 
in 8, which bears only on one side of the carrie 
on the work, resulting in unequal pressure. Th< 
equalising driver here shown consists of a loos 
plate, A, held against the face or cu/r// -plate, B, b 
a couple of bolts, C C, fitting in slots in A. Drive 
pins, D D, are screwed into A, two sets of holes ( 
different radii being available. As the pins, D I 
come into contact with the opposite ends of tb 
carrier the plate A slips until they bear and dri^ 
with equal pressure. 




37. SELF- 
CENTRING 
CHUCK 



CotUinued 
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HOW TO BECOME A FORESTER 

Forest Pests and How to Fight Them. Forestry as an Industry. 

Wood Pulp. Theoretical and Practical Training. Best Books hukrtry 
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By HAROLD C. LONG 


T TNDER the term joresf pests it will be eon- 
^ venient to consider several agencies which 
are deleterious to forest trees, and not only sucli 


of them as insects and fungi. Among these 
agencies wind, snow, frost, fire, domestic and 
wild animals, birds, weeds, insects, and fungi 


may be included. All these have a very great 
influence on the success or failure of the forest 


to produce good timber ; and. while the damage 
Avrought by the two last is generally admitted 
to be the most serious, yet that due to the 
other agencies is frequently enormous. 


Wind. Very considerable harm is often 
clone in positions where the full force of high 
Avinds is felt, Avhole plantations being at times 
razed to the ground by almost cyclonic force. 
In very exposed situations storm-firm species 
should be planted ; dec]) and shallow rooted 
species may be intermixed : and shelter-bc^lts 
may l)e employed, these being left AA^ien the 
AA'ood is cut oA'cr, the trees thus becoming 
hardened and adai)ted to their environment. 
Or the system may be sucli that the successive 
cuttings are arrangc^d to take place towards the 
direction from which the prevailing storms come, 
the toj)S of the trees then forming a kind of 
inclined plane over Avhich the Avind may SA\eep. 

Snow. In countiics Avherc' heavy falls of 
snow arc experienced, snoAv lodging on the trees 
in masses may do great damage by breaking 
branches, and by bending and breaking the 
tops, especially in the ease of comjiaratiATly 
young conifers. Intermixing the species may 
help soiiu'AA^hat in obviating tiouble. 

Frost. Intense frost may cause longitu- 
dinal cracks in the stem, often extending deeply 
into ^he trei* ; and small plants may, in light 
soils, be lifted almost out of the ground by 
(‘X])ansion of tlie absorVied water, falling o\xr 
AA'hen thaAA' su])ervenes. In nurseries a coA^ering 
of leaves may jn event very consider able damage ; 
damp soils should be drained ; ajid nurses of 
hardy species, for example, birch,, may be estab- 
lished for tender species. 


Fire. Fires are chiefly caused by railway loco- 
motives, cai’eless throAving doAvm of matches, and 
camp fires. Surface fires, AAher’e litter, bushes, 
etc., ar’G concerned, may often be beaten out 
with green branches ; while croAvn fires, which 
are often due to surface fires, may be arrested 
by cutting or felling a belt of trees across which 
the fire cannot pass. In some countries — for 
(‘xample, the United States — enormous damage 
is sometimes done by fire. The great lire of 
Minnesota, in 1904, destroyed a huge tract of 
country, including seven towns ; many lives were 
lost, and the damage caused was estimated at 
some fiAn millions sterling. 


Weeds. Weeds of all descriptions should 
be allowed no place in a forest, as they do 
considerable harm by hindering natural regenera- 
tion, while they aid in preventing percolation of 
Avater, hinder the growth of young trees, and 
harbour injurious animals and insects. Under 
a good forest cover, Avherc the soil is little 
exposed, weeds Avill be kept in check. 

Animals. In the past it may be said that 
Avoodlands have, in a majority of cases, been 
looked upon more as game jireserves than as 
anything in the nature of timber producers. 
This position must be abandoned before the best 
results ean be obtained. Rabbits, hares, and 
deer, all do muc*h harm by barking ” trees, 
etc., as also do squirrels, which frequently 
completely girdle young top shoots, Avhich, in 
eonst'quence, die off. Black game and pigeons 
are also injurious, the former nipping out the 
buds of conifers and the latter breaking off the 
leading shoots of spruct'. Small birds may 
occasion loss in the nursery. Most birds arc, 
howeATr, useful to forestry owing to the fact 
that they devour insects. 

Insect Pests. A large number of insects 
are injurious to forest trees, the most harmful 
of all being those which attack conifers. In 
the United States of America it has been esti- 
mated that the average annual loss due to insect 
pests of th(^ forest apiiroaches £20,000,00t> 
sterling. Damage may consist in defoliation of 
trees, spoliation of buds, and injury to the bark 
and timber, and by such means the increment 
of the Avood is interfer(‘d with even if the trees be 
not killed, as they too frequently are. T.<et us con- 
sider some typi('al species of injurious insects. 

The Cockchafer. Not only to farm 
cro])s but also to forest trees cockchafers are 
exceedingly harmful. The cockchafer {Mdolon- 
tha vulgaris) is assisted by tlie summer chaffer 
{Rhizotrogus solstitialis) and the gardiai chafer 
{PhyUopc rtha ho(ticola) in its work of destruc- 
tion. In the laiwal stage they arc knoAvn as 
“ Avhite grubs," and feed at and damage the 
roots of almost all kinds of crops and small 
forest ])lants. thus r^qarding the groAvth of 
the plants or killing them. The life history 
extends over three or four years, during most of 
which time they arc ff'eding as grubs. In th(‘ 
mature, or Ix'etle, state, also, they arc still harm- 
tul, feeding on the leaves of forest trees, par- 
ticularly the broad-leaA^ed species The foliage 
is much damaged and the trees are sometimes 
quite stripped. Young oaks and pine trees often 
suffer severely. In England this insect is a 
pest in nurseries but does little damage to tiecs 
in plantations. [See Natural History and 
PLATE facing page 3361.] 
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Tli(‘ beetle [10] is about one inch in length, 
and w hen at rest presents a reddish-brown appear- 
ance. The whitish fleshy grubs are over an inch 
long, and when fully grown have three pairs of 
legs, and strong, biting jaws. The chief method 
of destroying the pest is by collecting the beetles, 
as is done on the Continent, where they are paid 
for at the rate of about Od. to Is. per bushel. The 
larva? also may be trapped by laying on the 
ground pieces of turf, grass downwards, the grubs 
collecting beneath. The beetles are eaten by 
fowls and nightjars, while starlings, rooks, and 
plovers are very partial to the white grubs. 

Large Pine Weevil. The very harmful 
beetle the large Pine Weevil (Hylohius abietis) 
lays eggs on stumps, in which the resulting larvai 
soon burrow, the mature beetles coming forth 
durmg the following summer, and gnawing off 
the soft and yoimg bark of the Scots fir, larch, 
spruce, etc , quite young plants being attacked. 
The beetle [9] is about half an inch long, and 
dark browm in colour with white markings. 
Piotectivo methods consist in the removal of 
stumps and roots, which may be burned with 
all rubbish. Plants of mixed species may be used 
for planting. Destructive methods consist in 
stickmg m the ground young branches and poles 
of pine and spruce irt full sap, or laying down 
pieces of the bark outside upwards. The former 
w'lll be used tor (‘gg-laymg, while the beetles 
will collect under the latter for feeding. The 
branches may be burned, and the beetles irnder 
the bark destroyed. Newly -felled areas may be 
separated from newiy-planted areas by trenches 
of a foot in depth. Although they can fly over, 
the licet les are sluggish, and many will fall into 
the trenches in craw'ling, and may be de- 
stroyed. 

Pine Beetle. Pine beetles {Hylvrgus pini- 
perda) bore galleries between the bark and the 
w ood in the stems and larger branches of Scots 
and other pmes, eggs being laid on dead or dying 
trees when possible, the resulting larvae bormg 
m the mner bark. After pupating there, the 
beetles eat their w ay to the exterior, and when 
many beetles are present the bark of the trees 
may have the appearance of being “ shot-holed.” 
Mature beetles [8] now pass to the yoimg 
shoots of pines, and bore their way up these, 
eating the pith, and causing the shoots to break 
off or die, this being the chief cause of damage. 
Sickly trees should be removed. Trees felled 
in autumn and winter should be left until near 
the end of May, when, if they are barked, all 
larvae between the bark and wood are destroyed. 
Traps of poles, employed from February to 
September, will attract the insects for egg-laying, 
and the bark may be burned. The beetle is 
about one-fifth of an inch in length, and almost 
black m colour. 

Pine Sawfly. The larva* of the pine 
Sawfly {Lophyrvs pini), as well as those of its 
relative, the Fox Pine Sawfly (L. rujus) do 
enormous damage to young pines, the needles 
being eaten, and the bark on shoots being gnawed 
away [12J. The larvae feed during June and July, 
and a second brood perhaps in autumn. They 
resemble the caterpillars of moths and butter- 


flies, but bear twenty-two legs. They are green 
in colour with black eyes. As the larvae occur 
in groups they may be destroyed by crushing, or 
they may be jarred off the trees on to boughs 
spread beneath, and then burnt. Spraying 
ornamental trees with lead arsenate, or hellebore, 
wfill quickly destroy the caterpillars. In large 
woods (it is recorded that in one instance 2,000 
acres w^ere invaded) it is almost impossible to 
cope with the pests, but all leaves, moss, and 
rubbish beneath the trees and containing the 
cocoons may be collected and destroyed. 

Oak Leaf-roller Moth. The little Oak 
Leaf -roller moth (Tortrix viridxina) lays eggs on 
oak trees, and the resulting greenish caterpillars, 
about half an inch long, destroy the leaves, rolling 
them up characteristically [11.] The loss of 
leaves causes a loss in timber production. 

Spruce and Larch Aphides. Among 
the aphides, or plant-lice, one of the most harm- 
ful is the species w'hich infests the spruce and 
larch [14J. The life history of these little creatures 
is somewhat complex, but it may be noted that, 
piercing the young twigs of the spruce, Chermes 
ahietia gives rise to galls, from w^hich a generation 
may issue and fly to the larch, when the aphides 
are known as Chermes lariHs. These pierce the 
needles and suck the juices, and the trees appeal 
as though lightly besprinkled with snow. 
Much damage is done, the needles become 
“ kneed,” and weakening of the trees may 
culminate in their death. Much good may be 
done by spraying infested trees with soap and 
paraffin emulsion, but this can hardly be carried 
out on a large scale. 

Other Insect Pests. Many other insoets 
are very harmful to forest trees, and amongst 
these it may be mentioned here that the Pine 
Shoot Moth (Rctinia huoliana) hollows out and 
damages the leading shoots of Scots pine ; the 
larviB of the Giant Wood- wasp (Sir ex gigas) live 
in and tunnel the timber of pines ; the large 
caterpillars of the Goat Moth (Cossus ligniperda) 
tunnel the stems of many broad-leaved species 
(elm, ash, beech, etc.), rendering the wood 
useless as timber ; and the minute Felted Beech 
Coccus (Cryptocorevs fagi) is most destructive 
to the beech, the bark being pierced and the 
juices sucked. 

It should be noticed also that many insects 
are useful to the forester, owing to their habit of 
preymg on injurious species, and among them 
certain lady-birds (Coccinellidae), species of 
Ichneumon flies, Clerus jormicariusy and the 
genus EhizophaguSy are of much value. [See 
Natural Histoky.] 

Fungous Pests. Many fungi greatly affed 
the forester, some attacking the base of the sten 
and the root system, others the main stem anc 
branches, and others the leaves. While th( 
most important speeios are to be found amon- 
fungi which attack conifers ; yet many are in 
jurious to broad- leaved species. The followfin 
are typical examples of injurious fungi : 

Larch Canker. The terrible scourge Larc 
Canker (Ddsysrypha calycina or Peziza Wil 
hmmii) is one of the most harmful of fung 
and is much feared. 1 1 occurs almost wherever tl 
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larch is found. Tlie stem and branches are 
attacked, most harm being done to seedlings and 
young trees [13J. The disease, according to 

Diseases of Forest Trees,” published by the 
Board of Agriculture in 1905, is “caused by a 
minute cup-shaped fungus, which acts as a wound 
parasite, gaining an entrance into the tree 
through minute fissures in the bark, caused by 
late spring frosts, or through the punctures made 
by the larch aphis {Chermcfi Trees are 

killed when ringed by the fungus. Damp, low- 
lying situations should be avoided. Larch aphis 
should be suppressed. Diseased trees should be 
felled and burned. Pure larch woods must be 
avoided. A system of combating this disease 
which promises to provide a satisfactory solution 
of the difficulty is described in the “Journal of the 
Board of Agriculture ” for Marcli, 1905. 

Root Rot. Tlie base of the stem and the root 
system of conifers are attacked by Root Rot 
{Trametes radiciperda) [15J. Massee says that it 
is probably the most destructive of fungi attack- 
ing coniferous trees, and that as the disease may 
spread by contagion by the roots, “diseased 
trees should be removed at once, and the site 
isolated by a narrow trench, taking care to in- 
clude within the trench all roots of the diseased 
tree.” Perhaps the best plan is to plant broad- 
leaved trees where attacked conifers have left 
blanks. 

Pine Blister, or Conifer Rust. The leaves 
alone may be attacked by Pine Blister {Ferider- 
wiinn pini), when the injury will be negligible, or 
the branches or upper part of the stem may be 
infested, the disease finally reaching the w^ood, 
in which case the iipjjcr branches die, giving rise 
to “ resin-top ” or “ bli.ster.” As the fungus 
passes one stage on the leaves of Groundsel 
{Senecio vulgaris) and Ragwort (S, Jacob(ta) 
thcftc w'eeds should be kept down. Affect/od 
tree> should b.e cut down. Various pines are 
attacked fl6J. 

Seedling Mildew. Seedlings of various 
trees are frequently attacked by a disease com- 
monly known as “damping off.” Beech seed- 
Imgs are especially liable to bo attacked by this 
mildew {Phgtophthom omnivora), which causes 
' the young plants to rot off near the base of the 
stem at tlie surface of the ground [17J. Diseased 
plants should at once be removed and destroyed, 
and the beds Hj)rayed with a Bordeaux mixture 
of half the ordinary strength (2 lb. copper sul- 
phate, and 1 lb. quicklime, in 20 gallons ot w^ater). 
Seedlings should be growm in open situations, 
and not damp, sunless positions, for, as the name 
implies, the disease is favoured by damp. 

Other Fungous Pests. Other fungi, 
abo, are very injurious, such as Heart-wood rot 
[Pahjporu^ sulphureus) wdiich attacks all our 
forest trees ; Tinder fungus (Fome^ fomen- 
tarius), a large “ bratkei-like ” fungus especially 
found on beech ; Honey agaric {Agaric us mel- 
leus), which proves fatal to both old and young 
tree ^ especially Scots pine and spruce ; the 
Xeedle-shedding fungus (Hysterium pinastri), 
w'hich does great damage to Scots pine by causing 
the needles of the young plant to fall, and many 
others. 
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Forestry and Industry. Though it 

must be freely cccioeded that under the com- 
)rehen«ive study of forestry such questions as 
andscape forestry, the influence of forestry 
on climate, prevention of erosion and avalanches 
and so on, all fall to be considered, it is 
as an industry that forestry is especially dealt 
wuth in this course. As has been shown, not only 
are well-managed forest lands profitable to the 
owners, but in large forest districts minor 
industries spring up, and give rise to the profit- 
able emplojment of great numbers of rural 
workers. In addition to the ordinary timl>er 
trade, in which so many capable men are profit- 
ably employed in Great Britain, the manufac- 
ture of wooden utensils, and so forth, other 
industries depend to an enormous extent on the 
production of good timber of a certain class. 
The beech woods of the Thiltem hills gave rise 
to a chair industry whi(’h led to the employment 
of thousands of men. Artificial horsehair and 
yarn, oxalie acid, acetic acid and other products 
arc valuable articles prepared from timber. An 
excellent artificial silk, not so elastic and strong 
as the real material, but equal to it in lustre, can 
be prepared from the cellulose made from spruce 
timber. 

Wood-pulp. An example of an important 
industry is papermaking from w’ood-pulp, which 
is dealt witli in the course on Paper and Paper- 
MAKiN(j. In 1903, Great Britain imported 
576,153 tons of w'ood-pulp of the value of 
£2,506,583, by far the larger proportion coming 
from Scandinavia. Not only is w'ood-pulp 
utilised for the production of coarse grades of 
past(‘board, but mechanically prepared pulp is 
chiefly employed for the manufacture of inferior 
grades of paper. The trees most suitable to 
pulp making are young trees of about 20 
years old, and 6 in. to 20 in. in diameter at the 
base. Soft, coniferous woods are most suitable 
for the chemical process, the species chiefly 
used in Europe being spruce and silver fir, while 
for the production of mechanical pulp, these two 
species are used, together with ash, birch, and 
poplar. The cost of the wood required for the 
production of one ton of dry pulp is estimated at 
13s. 6d. to 228. in Canada, and 25s. to 30s. in 
East Norway, while the net cost of producing 
wet pulp (the values being expressed per ton 
of dry material) is estimated at £1 17s. 6d. to 
£2 lOs. in Canada, and £3 in modern Norwegian 
mills, or Ss. less in Sweden. It is also stated that 
on a fair estimate the daily requirements of a 
large London paper would represent about 10 
acres of an average forest. 

How to Become a Forester. Whether 
it is worth while becoming a forester or not will 
depend on several matters, and not the least on 
the inclination of the student for the work to be 
undertaken, and upon the ultimate end he has in 
view. In Germany, the excellent schools enable 
the students to get a good grasp of their subject, 
but upward progress is slow, high rank in the 
forest service being in general attained only after 
long years of hard and faithful work. In Great 
Britain, such training as is given on the Continent 
is unobtainable, but forestry education is rapidly 
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improving, and more teachers will almost cer- 
tainly be in demand within the next few years, 
while skilled and competent men will, no doubt, be 
required to supervise private and other planting. 
The Indian Forest Service is also attractive, and 
has within the last year or so had to refuse the loan 
of officers to other States, owing to the short- 
handedness of the staff, while men appear to be 
in requisition in Africa, Ceylon, Siam, and various 
Colonies. For the youth fresh from a good school 
or for the young man at college, who is able 
to devote a year or two to practical training, 
it may be said that forestry offers plenty of 
scope for obtaining a livelihood. Remembering 
what we have seen above, as to the importance 
of our subject in all parts of the world ; in 
view also of the fact that capable forest officers 
are even now in request in many parts of the 
British Empire, it will be recognised that the 
prospects for the forester of the higher grade are, 
in the near future, likely to be good. At present, 
however, the rem\ineration of the forester in 
Britain is altogether inadequat/e. Woodmen, 
})erhaps, earn rather more than agricultural 
labourers on the whole, but the most important 
f)Ositions are, with a few notable exceptions, of 
small value, and scarcely likely to attract the 
better class of w'ell-educatcd college-trained 
men. For the energetic young man, how^ever, 
w'ho has some capacity, who sticks to work, and 
is glad to devote himself to his subject, there 
is no doubt a future. 

Instruction in Forestry. In Great Britain, 
theoretical instruction is given at several of the 
agricultural ('ollcges and universities, notably at 
Edinburgh Ihiiversity, the University Gollegc 
of North Wales at Bangor, the Durham College 
of Science, and tlie Royal Agricultural College, 
at Cirencester, There is a school of forestry for 
W'oodmcn in the Forest of Dean, under the control 
of his Majesty’s Commissioners of Woods and 
Forests ; and courses have lately been started at 
Oxford and Cambridge Universities. There is 
also a course in Forestry at Wye College, in Kent. 

Not only, however, is theoretical instniction in 
forestry necessary for the student who wishes to 
take up this subject as a life’s work, but several 
allied subjects must be studied with it, and 
their relation to it recognised. The courses for 
he B.Sc. degree and other diplomas in agri- 
culture at our universities and colleges, substi- 
tuting forestry for agriculture and omitting 
such a subject as veterinary hygiene, might 
form an excellent theoretical training. (Ecology, 
botany, y.oology, entomology, surveying and 
engineering field-work, chemistry, and physics 
are all important, and should be studied to 
some extent at least. 

Practical Training. Whih* theoretical 
study is very necessary it must be distinctly 
understood that a sound, practical training is 
absolutely essential. To some slight extent this 
can be obtained in Great Britain, and in the 
course of the next decade or so the British 
student may be able to obtain a complete forest 


training in his native country. At present this 
is unfortunately impossible, for, although there 
are some w'ell-managed woods, th(‘y are gener- 
ally inconveniently situated as regards the 
centres of learning, while there are no demonstra- 
tion areas and nurseries propcTly so called. 
Such areas arc even more necessary in sylvicul- 
ture than can be the case in agriculture, as 
results in agriculture may usually be seen by 
the farmer in a single season, whereas in sylvi- 
culture this is not so, a long series of years being 
necessary. It is of the utmost value to the 
student to see and studv forest crops in different 
stages of development, and grown under correct 
systematic management. Without such, indeed, 
he is unable fully to comprehend sylvicmltural 
methods. At several of the ctmtres of instruc- 
tion above-mentioned, a certain class of wood- 
lands under management may be visited and 
examined, this being especially so in Edinburgh, 
where the proximity of several well-managed 
wooded areas is highly satisfactory. 

A Demonstration Area in Wales. A 
50-acre demonstration area and expt‘rimental 
station is being started in North AValcs under 
the control of the Denbighshire Gounty Council. 
This area will certainly prove of much value. It 
may be said, however, that although we arc 
l)eginning to realise the need of forestry educa- 
tion, w^»‘ •ir(‘ seriously handica]q)e(l as regards 
practical sylvicultural training. Several excelhmt 
permanent nurseries exist in se\eral parts of the 
country, planting is being carried out, and 
sound systems of management are being in- 
augurated. Of such the students should see 
as much as possil)l(‘. To obtain a Ijiorough 
grounding in sound sylvicultural principles, a 
year or two should be spent at ont' or other (or 
two) of the French or German scliools of forestry, 
of which there are many of a lirst -class character. 
This has in the past been the ])rinciplc of the 
Indian Forest Service, many of the officershaving 
received their training in Germany, and at 
Nancy, in France. At the present time, how(‘ver, 
students can be trained in India. 

The Best Books on Forestry. For 
further information on the wdiole subject of 
forestry, the following wT)rks may be consulted. 

“ Economics of Forestry," by B. E. Kornow (Spon. 
7s. ad.) ; “ Tiinlx'rs and flow to Know Them,” by 
R. Hartig, tran^. by W. SoinorvilU' (Dougins. 2h.) ; 
” Di.seasc'a of Trees,” by It. lfartij.% Iran'-, by W. 
Somerville and H. M. Ward (Mafmdla}i. lOs. (id.) . 
‘‘The Forester,” by J. Nislxd — Brown’-. " J'^orester,” 
revised 100r> — (Blackwood. \ol-.., 4 ' 2 '>.) ; ” Onr 

Forests and Woodlands,” by ,T. Xisbct (IXail 7 k. (id.); 
“British Forest Tn'cs,” by J. Nisbet (Macmillan, 
(is.) ; “ Studies in Forest bv .1. Nisbet (darendon 
J*rcfls. O.S.) ; “ Manual oi Jnjunous Juki cts,” by Miss 
E. A. Ormerod (Simpkin, Marshall, ris.). “ Manual of 
Forestry,” 5 vols. — 1., Introduction to P'orcstry ((is.), 
TI., Formata.>u and Tending ot Woods (S.s.), and 111., 
Forest Management (Os.), by W. Sehlieh ; Forest 

JVotection (Its.), and V., Forest Utilisation (12s.), by 
W. K. Fisher — (Bradbury, Agiiew') ; “ Timber and 
Some of ij-H Diseases,” by H. M. Ward (Macmillan, 
(is.) ; “ jVaetieal Forestry,” by C. E. Curtis (Cro.by, 
Lockwood. 3s. (id.) ; “ English Estate Fore.srry,” 

by A. C. Forbes (Arnold. 12s. (id.). 
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optical Glass. The glass used for optical 
instruments is now obtainable in great varieties, 
each kind differing optically in its effect on the 
light rays passed through it. Dollond was the 
first to put fint and croicn glass together to make 
a lens in which ejich corrected the colour effect 
of the other. Chance Brothers, in 1848, produced 
a number of special fuJkatc rroinis and fint 
glasses for optical purposes, and hav(‘ since 
produced other harinm and horo-^ilicate glasses. 
Dr. Schott, in 1883, took up the subject of optical 
glass, and established the no^^ well-known .Tena 
Class Works. The firm of Schott & (hm now 
make sixty-eight different kinds of optical glass. 

Opal Glass. Opal glass, alabaster glass, 
enamel glass, bone glass, and milk glass are 
names given to glass which has been rendered 
opaque by the addition of ealeium jjhosphate, 
tin ox’de, arsenic, felspar, talc, zinc oxide, fluor- 
spar, or cryolite. The degree of opacity varies 
even with the same receipt, but more certainty 
of obtaining a given result is claimed when 
covered pots are used. Glass made opaque 
with talc (French chalk) is known particularly 
as cdaf)asfer Calcium phosjihate is added 

in several forms, Ixine ash and guano l>eing less 
pure agents, which owe their power of imparting 
opacity to the calcium phosphate they contain. 
Tin oxide is not now often u^ed. Cryolite pro- 
duces a beautiful opof or milk glass, but is diffi- 
cult to work on a<'count of the corroding fumes 
of hydrofluoric acid that are given off and 
do much damage to the furnace. 

Coloured Glass. ( 'oloured glass is coloured 
throughout or fashed. The latter term means 
that the body of the glass is ordinary trans- 
parent glass, and has been covered with the 
coloured glass. The workman has before him 
two vessels of glass, one white and the other 
coloured. Ho dips his blowpipe in the white 
pot, and having collected a lump of the required 
size, he dips it into the pot of coloured metal, 
and proceeds to blow the glass in the manner 
descril>ed in the section on window rfoss. 

Rtd glass is obtained w ith cuprous oxide, gold 
salts, antimony oxysulphidc, or selenium salts. 
A red colour is also sometimes obtained with 
ferric oxide or red ochre. Purple of cassius is 
the salt of gold mostly used. The quantity of 
gold required to impart a ro>c colour to glass 
is exceedingly small. The rcceiyit for red glass 
in which antimony oxysulphidc is used is: Silica, 
100; calcium carbonate, 20 ; sodium carbonate, 
.')0 ; saw^dust, 7^; antimony, 4. A smaller pro- 
portion of antimony give^ a yellow'. The colour 
develops in gold and copper glass on cooling. 

Bhieglass is obtained with copper oxide (black), 
cobalt oxide (or zaffre or smalts), and some- 
times from iron. Smalts is a powdered cobalt 
glass and zaffre an impure form of cobalt oxide. 
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Violet glass is yielded by manganese oxide. 

Green glass is made with chromium oxide, 
bichromate of potash^ or a mixture of antimony 
oxide and cobalt. 

Yellow glass is obtained from uranium oxide, 
antimony oxide, sulphur, silver salts, or carbon. 
The colour obtained with carbon varies fronii 
yellow to browm, according to the quantity used. 
Glass is coloured with silver by applying a salt 
of silver to the surface of the glass at a tempera- 
ture of 500° to 550° C. A lace design is given 
by dipping a piece of lace in a silver solution, 
followed by a solution of potassium sulphide, 
and then placing the lace on the heated glass. 

Orange-coloured glass is obtained from a mix- 
ture of iron oxide and manganese oxide. 

Black glass is produced from a mixture of 
iron, copper, manganese, and cobalt oxide. 
Iridium oxide and sulphur have also been used 
for obtaining black glass. 

Dichroic or two-coloured glass is obtained from 
uranium oxide with copper oxide or selenium. 
Such glass is yellow when light passes through, 
but greenish when looked at. 

Aveniurine glass is a glass made to imitate 
aventurine quartz or gold stone, which exhibits 
beautiful gold-like spangles throughout. It was 
formerly only made in the Island of Murano, 
near Venice. The following are receipts for two 
varieties of this beautiful glass. Green aven- 
t urine : Silica, 100 ; sodium carbonate, 35 ; 
fluorspar, 15 ; felspar, 30 ; barium carbonate, 
25; potassium bichromate, 12; manganese, 7. 
Blue aventurine: Silica, 100; sodium car- 
bonate, 35 ; fluorspar, 1 5 ; felspar, 30 ; barium 
carbonate, 25 ; potassium bichromate, 10 ; 
manganese, -5 : cobalt oxide, Peltenkofer 
and Hautefeuille devised receipts in which copper 
is used, the copper by slow cooling being thrown 
out in the glass pot as metallic spangles. 

Pnrpora glass is an imitation of hematinonc, 
a glass of a peculiar red colour found in Pompeii 
excavations. The colour is due to copper and 
iron. An imitation of hematinonc was devised 
by Pettenkofer under the name of astralite. 

Agate glass is obtained by melting together 
waste pieces of coloured glass. 

Iridescent Glass. Iridescent glass, in 
imitation of ancient glass which has become 
iridescent through long exposure to damp, is 
made by exposing glass articles before annealing 
to the fumes generated by placing tin chloride 
alone or mixed with the nitrates of barium or 
strontium upon a hot plate in a muffle furnace. 
Wittmann’s method is to boil the articles in 
hydrochloric acid under pressure, and Brianchon 
employed a flux of auriferous bismuth oxide. 

CracKled Glass. Crackle, craquelc, or 
ice glass is made by plunging the freshly-blown 
glass article into hot water and reheating in the 
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furnace. A similar effect is obtfiined by sprinkling 
broken glass on the soft glass and reheating to 
incorporate the fragments. Satin glass is pre- 
pared by covering a vessel blown from coloured 
glass in which depressions have been fonned with 
lead glass, while a beautiful matte silver ap- 
pearance is obtained by covering nnglazed 
porcelain with a layer of lead glass. 

Glass Beads. Formerly Venice was the 
only place where glass l)eads were made, but 
factories now exist in France, Bohemia and 
Belgium. Glass of the required colour is 
drawn out into tubes. The work is executed 
by a foreman, who has under him two assistants 
and four workmen. One of the assistants dips 
the end of an iron rod about 4 ft. long into one 
of the glass pots. He then rolls it on an iron 
table to reduce it to a cylindrical form, and 
makes a round hole on the upper part of the 
mass. After this the foreman takes the rod in 
his hand and lieats in the furnace the portion 
of glass attached to its end by giving it a few 
turns, taking care to see that the hole is exactly 
in the centre. He then attaches another rod to 
the upper part of the mass, the two rods are at 
once delivered to two w^orkmen, who, running 
speedily in opposite directions, reduce the molten 
glass to a very long, thin tulie. The glass tubes 
are then chopped up into small pieces, which are 
mixed with sand and wood ashes, transferred to 
an iron pot, and stirred till they begin to soften. 
The heat rounds the edges, and w’hen cool the 
sand is sifted out and the beads finally polished 
with white bran. 

Quartz Glass. A glass which stands 
excessive changes of temperature with indiffer- 
ence is made from Brazilian (juartz. The cpiartz 
i> used in lumps, but cannot lie worked and 
melted directly, liecause it splinters. At 1,700° C. 
the crystalline quartz becomes vitreous, and 
tubes and vessels of quartz are built up in the 
heat of an oxyhydrogen blowpipe. Shenstone, 
the chief English worker in quartz, lias devised 
a furnace for melting (juartz by means of the 
electric arc and oxyhydrogen dame. 

Water-glass. Silicate of soda or potash, 
made by fusing together sand and alkali, dissolves 
in w'ater, and the product is known as waler- 
gfns.s or soluble glass. Potash water-glass is made 
by fusing together in a re ver I Moratory furnace 
quartz sand 45 parts, potassium carbonate 30 
parts, and pow dered charcoal 3 parts. The ma^s is 
afterw^ards boiled with w'ater to form a solution, 
in which state it is generally found in commerce. 
Soda water-glass is made with quartz sand 5 parts, 
sodium carbonate 23 parts, cliareoal 3 parts, or 
with quartz 100 parts, s(xlium sulphate 00 parts, 
and charcoal 15 to 20 parts. Double wa*er -glass 
is made with quartz sand 152 parts, HO(lium 
carbonate 54 parts, potassium carbonate 70 
parts; ov witb quartz 100 parts, potassium car- 
bonate 28 parts, sodium carbonate 22 parts, 
and charcoal 0 parts. 

One of the earliest uses of water-glass W'as 
as an addition to Hoaj), enabling more water to 
l>e taken up and a cheaper product to be obtained. 
For rendering fabrics non-inflammable they are 
dipped in a diluted solution of water-glass. 


Water-glass is also used as a preservative of 
w^ood and stone. Ransomc's process for the 
production of artificial stone depends on the 
use of water-glass for binding together sand, 
the compressed bricks being soaked in a solution 
of calcium chloride to form an insoluble and 
thus permanent silicate of calcium. Fuchs 
devised a process of fresco - painting called 
stereochromy, in w4iich the wall is prepared by 
the use of lime and water-glass, and the colours 
used in the painting are compounded with 
water-glass, with the object of increasing the 
permanence of the work. Mineral glue is the 
name applied to a cement consisting of water- 
glass. A large quantity of water-glass is now 
used for preserving eggs. The water-glass, as 
purchased, is diluted with water, and the eggs 
are laid in the solution, becoming covered with 
an im]>ervious coating wiiich excludes the air, 
and so keeps the eggs fresh for months. Water- 
glass is finding a use also in the alkali jirocess 
of refining mineral oil. 

Glass Decorating. The operation of 
cutting glass is particularly suited to lead glass, 
owing to the greater briliiancy of this kind of 
glass. The cutting operatiim consists of three' 
stages: (1) Kougbing out by means of an iron 
wheel ; (2) cutting by means of a stone wheel ; 
(3) polishing by means of a wheel of wood or 
cork |14J. The roughing-out wheel is supplied 
with sand to assist in the abrasion. A workman 
bolds the article against the conical ('dge of a 
steel wheel secured to a shaft dri\en by belts .and 
pulleys Fine, sharp sand and wateT are allowed 
to drip on the wiieel from a cone-shajied bucket. 
The article is pressed against tlie rajiidly rotating 
wheel, and is deeply scored or cut. The heavi(*st 
and principal lines in the pattern are roughened 

i^he roughened 
article is now 
ready for the wet 
sinoothing-stone, 
which resembles 
till' steel wheels 
both as to sizi' 
and ('dge, but no 
sand isemploved. 
These wlu'cls fol- 
low’ the cuts 
made' by the 
steel wheels, and 
also cut m the 
finer liiu's of (he 
]) at tern. The 
jiraclically fin- 
islu‘d article is 
now^ ready for 
the polishing, 
which is done 
by putty-powder or rouge-charg('d wooden wiieels 
with the same sized edges as the previously used 
wheels. In place of wooden wheels fclt-covercd 
wheels or brushes are used : w hile the most recent 
method is to finish the polishing with hydro- 
fluoric acid. The hydrofluoric acid is mixed 
with sulphuric and hydrochloric acid in about 
equal proportions, but the quantity of hydro- 
fluoric acid is increased wlu're a hard glass is 
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\mn^ chomioally polished. Fire polishing has 
also Ijeen applied to cut glass, but in this way 
the appearance is not much better than that 
given to tire-polished pre-^sed glass. The iron 
wheels are known as miller.^. The stone wheels 
ore mined in Yorkshire, Newcastle and (Yaigleith, 
the last-named producing the most esteemed 
variety. A new kind of w’heel is sold under the 
name of alundum. The material of which these 
w heels arc made is hmi rite, w’hich is fused in 
('lectric furnaces at Niagara Falls. 

Glass Bevelling. The edges of glass 
j)lates arc l>evelled by cementing the glass upon 
a heavy horizontal bench, which, receiving a 
slow’ to-and-f.ro movement, presents the edges 
successively to the grinding action of one or 
more small grinders. Ylachinery has beem 
devised to minimise tlie handwork. Like gla.ss 
cutting, Ix^velling is done in stages with steel, 
stone and polishing wheels. 

Etching Glass. Etching is accompli.shed 
by means of hydrofluoric acid, which acts on 
the silica of the glass to form silicon fluoride 
(a gas wLi(‘h escapes in the air) and W’ater. 
Hydrofluoric acid alone is used, or a mixturt* 
of })otassium acid fluoride 250 grammes, liydro- 
chloric acid 250 grammes, and w’ater 1 litn*. A 
strong solution of ammonium fluoride acidified 
with hydrochloric or acetic acid is also used ; 
while Henri vaux’s receipt for etching fluid is 
calcium fluoride 250 grammes, hydrochloric acid 
250 grammes, sulphate of soda 140 grammes, and 
water I litre. The parts of the glass wiiich it is 
desired to protect from tlie etching fluid are 
covered with a varnish composed of yellow' wax 
4 parts and turpentine 1 part, but various other 
mixtures of gum, dammar, Venice turpentine, 
asphalt, resin, Burgundy pitch, and tallow are 
employed. Patterns are obtained by affixing 
tinfoil to the glass and cutting away the tinfoil 
at the parts to be etched. A quicker method is 
to print the pattern on the tinfoil in a grease 
pigment, and eat away the plain tinfoil with 
mineral acid to expose the glass, which is then 
treated with hydrofluoric acid. 

Dry Etching. Dry etching is a process 
in W’hich ammonium fluoride is used in the solid 
state. The design, which must be of compara- 
tively small dimensions, is applied to the glass 
bj^ printing thereon with printers’ varnish from 
an indiarubber plate, or in any suitable way. 
While the impression is still moist some powdered 
ammonium fluoride, kept at a temperature of 
about 105® F., is applied to the surface with a 
soft brush, and caused by gentle pressure to 
adhere to the varnish, all superfluous salt being 
carefully removed. In about 15 to GO minutes, 
according to the atmospheric humidity, the 
fluoride will have become liquid and have pene- 
trated to and ehdied the glass underneath. The 
rocess is expedited by creating an artificial 
umidity in the atmosphere. The printing 
medium is prepared by mixing 70 parts of 
melted resin with 30 i)arts of olive oil, and 
colouring with dark -blue aniline dye. Glass is 
also etched by throAvirig against it a stream 
of sand or grains of quartz. The process was 


invented 1)\ Tilghman, in 1870, the abrasive 
effect of the sand being enforced by ejecting 
it w’ith great force by a jet of steam or air. 
In engraving designs on glass, air is most con- 
venient, as the sand, being dry, rebounds and 
leaves the pattern clear. Designs are etched by 
affixing to the glass a paper stencil. Tlio paper 
is stuck on with glue, the parts to be etched 
being left clear. The method was irnprov'od, 
in 1877, by Mathewson, and a combination of 
the Tilghman and Mathew’son apparatus is now 
generally employed. Sand blasting can also be 
employed for boring holes in glass, the blast 
being allow’(»d to impinge on one s})ot. Tt should 
be add(‘d that the ( hemieal metliod of etching 
by means of h^^drofluoric acid gives a finer grain, 
but for many purposes the sandblast is preferred 
on account of its (juickness. 

Silvering Mirrors. Mirrors are })re- 
pared by depositing on smooth glass a coating 
of mercury or silver. Tiie use of mercury lias 
almost been abandoned on account of its in- 
jurious effect on the workmen. Drayton, in 
1843, devi.sed a process in which silver was 
dt'posited on glass from an alkaline solution of 
silver nitrate. The method was further investi- 
gated by Liebig, in 1807, and prcK-essi's founded 
on Liebig's recipes have now replaced the older 
mercurial proces.s. Tw'o solutions arc r(H[uired, 
tht* silvering liquid and the reducing liquid. The 
sUrering liquid is made ns follow's : 

1. Dissoh'e 1 part of fu.sed silvtu’ nitrate in 10 
parts of distilled water. 

2. Neutralise pure nitric acid with ammonium 
carbonate, and dilute it until the liquid has a 
specific gravity of 1 T15, or dissolve 242 grammes 
of ammonium suljihatc in sufficient water to 
make 1,200 e.c. 

3. Prepare a soda solution of a specific gravity 
of 1050. 

Mix 140 volumes of solution No. 1, 100 volum 
of No. 2, and 750 volumes of No. 3. 

The reducing liquid is made as follow s : 

1. Make 50 grammes of wiiite sugar candy into 
a thin syrup witli w'ater, and boil for an hour 
with 3’1 grammes of tartaric acid, diluting finally 
with W’ater to make 500 e.c. 

2. Moisten 2’857 grammes of dry tartrate of 
copper in water, and add caustic soda solution 
drop by drop until the blue powder is completely 
dissolved, and then dilute to 500 e.c. 

Mix one volume of No. ], one volume of No. 2, 
and eight volumes of w'ater. 

Fifty parts of the silvering liquid are poured 
into a shallow' dish, and diluted with 250 to 300 
volumes of water, and then 10 parts of the re- 
ducing liquid are added. In winter, warm water 
is employed, the temperature of the liquid being 
20® C. to 28"('. The gla,ss plate is put in and 
left for some hours, the silver being gradually 
precipitated on the surface of the glass. 

Gilding and Platinising Glass. Glass 
is gilded by a somewhat analogous process, a 
dilute solution of sodium aurate being reduced 
by means of a saturated solution of ethylene in 
alcohol. In platinising glass, platinum is pre- 
cipitated from its chloride by oil of lavender. 
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By JOSEPH G. HORNER 


The Ellipse. Fig. 68 illustrates the develop- ete., and prolong lines thence to the apex o. 

ment of an ellipse from a cone cut in the plane These will cut the diagonal CC at 1', 2\ 4' 

AA. Here it is necessary to liave a half plan, or 5', H', Thence cany horizontal lines along 

whole plan view, shown below, as well as an to cut the slant edge Ao in a, 6, c, d, c, /, g. The 

elevation. lengths Aa, A6, Ar, etc., will be the real 

Divide the base into any convenient number of lengths of the lines Dl', E2', F3', etc., since 

equal parts ], 2, 3, 4, 5, 6. Draw lines thence all arc thus measured on the slant edge, 

to the centre or apex in the plan view, and to The envelope is shown in 71, to the right. With 

the base in the elevation, and from the base to radius oA [70] strike an arc oAA [71]. To 

the apex o. From the points where the plane AA right and left of a centre line oB mark off 

intersects the lines of division last drawn, and the equal divisions in the plan of the cone 

also from AA project lines dovTi to the plan, 7, 6, 5, 4, 3, 2, 1, A, so completing the circum- 

cutting the lines of division there at a, ?>,c, d, ference of the base. Next, draw lines from all 

From these the actual dimensions of the these points of division to tlu* apex or centre o. 

surface in the plane A A are obtained on a centre On these lines the lengths just projected have 

line BB, parallel with AA. On BB erc'ct per- to be marked thus : 

pendiculars from A A, starting from the sue- Take the length BK [70], and set it off from 
cessive points of intersection of A A, with the B to K in 71. 'J’ako the length AL in 70 and 

divisions projected up from the circular base. mark it off at each end AL in 71. Take Aa [70] 

On these perpendiculars the widths of the ellipse and maik that off at la, la [71]. Take Ah, and 

are set off to right and left ol BB ; hh, cr, dd, set that off at 26, 26 [71], and so on. A 

(e, //, corresponding to the dimensions of the line LKL drawn through all the successive 

distances from the centre plane ag of the section intersections will give the envelope for the cone, 

similarly lettered in the plan. Lines drawn Also, if the envelope for the upper portion — all 

through the successive points of intersection, above the part cut in section — were required, 

B6rde/B, complete the ellqise. that would be given by the supplementary 

An Alternative Method. xVnother method portion in 71 between LKL and the lines going 

of obtaining the elliptical section of a cone to the apex o. 

is given in 69 . Let AB be the ])lane of the The seams of the jilate are added along the 
section. Divide AB into any number of equal edges AL, AL. The seam could be made along 
])arts A, 1,2, 3,4. 5, B. Through these ])Oints BK, but this would not aflcct the method ot 

draw horizontal lines B, fia, 46, 3r, 2d, Ic, A/. marking out, but only the starting centre-line 

Obviously these w ill correspond with circle AL, instead of BA:. 

sections of the cone, and may therefore be The Hyperbola. Fig. 72 shows a cone 

projected as such to the plan below’, and struck cut CC, ]>arallel with the axis, which yields the 

fmn the centre of the filan, cutting the line section of a hyperbola on the cut face. Strilo' a 
J)D, as BB', aa\ 66', rc\ dd', pp\ From scmiicircle on the l)ase AB, and prolong the 

th(‘ point A a vertical line is diopped, cutting plane VC to meet it at T). Divide the arc DB 

DDatA'. So that A' and B' eorresiiond in actual into any number of equal parts, as a, 6, B, and 

plan with the points A and B of the elliptical raise them as perpimdiculars to meet AB at 

section of the cone. A' also is tangent to the a'6', and draw line^ thence to the apex o, cutting 

circle A/, projected dowm, and B' also is tangent the plane CC in c and d. From r and d hoii- 

to the circle B, similarly projected. Similarly, zontal lines are carried out to cut oB at c' d'. 

p(Tpendiculars jirojected from 1, 2, 3, 4, 5, give For the envelo])e, take tlv* radius oA [72], 

respectively g, h, ?, /, k on the line T)l) ; y cuts and strike the arc AA in 73. Taking a centre B, 

the circle e' at II ; h cuts the circle d' at rnin ; set off to right and left the distances B6, 6a, aD, 

i cuts the circle c' at nn, and so on. If, now, corresponding with B6, 6a, aD m 72, and dniw 

the distances gl, gl are taken and transferred lines thence to the centre o. S(*t off Be, 6d', 

to ]'/', \T to right and left of the line CC or' [73], cutting Bo, bo, an, equal m length to 

above, and the distances hm, hni to 2m' , 2m' Be, Be', Bd' on the slant of the cone m 72. 

above, and so on, and a hue drawn through The line DcD drawn through the points of 

the points of intcrNcetion, the dlipse uill 1 h* intersection [73] is that of the outline of the 

produced, as shown. hyperbolic surface cut away in 72. 

The Envelope of the Ellipse. 'J’o obtain For the envelope of the icmamder of the cone, 

the envelope of a cone from w’liich the surtace divide the arc AD [72] into any number of equal 

has been cut elliptically [70, 71], proceed thus : parts. A, /, r/, 6, ?, D. With the same setting of 

Strike a semicircle on the base AB of 70, and the compass, set off distances from D[731 to right 

divide it equally at 1, 2, 3, 4, 5, 0, 7. B. Carry and left, D, i, h, g, /, A. Lines drawn from A to o 

perpendiculars up to AB, cutting AB at Dj'E, F, and A to o wnll complete the figure required. 
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DRAWING 

Shape of the Cut Face. These are 
(levi'lopmcnts of the cone. But to obtain a flat 
shwt to correspond with the cut st‘ttK)n of the 
hyperbola proceed as in 74. 

Erect a perpendicular AB on a base line ('D. 
Make M\ AD each ecpial in length to the width 
of half the ba^^et'Dot the hyperbola in 72. Make 
AB equal in height to the length of th(‘ major axis 
of the hyperbola, ecjual to the height (X) in 72, 
obtained by prolonging th(‘ })lane of the section 
(V to inti'i’sect tlie slant lieight Ao prolonged. 
Draw a horizontal [74j at a heiglit AE equal to 
the height CV of the hyperbola in 72. Xext divide 
A(\ AD (74] and tlu' lieight t'E each into the 
same number of equal parts — four in the ex- 
ample, more in a largi' patUum ; 1 , *2, Ih (h and 1', 2', 
JT, E. Draw lines from 1,2, H, to the apex B, 
and from 1', 2', IV. to the heiglit E, A curve 
draw n through the point^^ of intersection will give 
the shape of the hyjierbola. 

The Parabola. Fig. 75 shows a cone eut 
in parabolic section. The method adopted is like 
the previous on(‘. Tlie parabolic scetion is cut 
in the plane paiaUel with the slant oB : 
and FD is projected perpendicuilarly to eut the 
Sf'mieir(‘lo AB helow'. The arc DB is divided 
tspiallv a, B. DA is divid(‘d also, 7/, i, /, k\ and 
lines are carried to h\ j\ k'. The points of 
division outside the paraliolie section are pro- 
ject(‘d from the line AB to the apex o. and the 
plane of the paralxda intersects them at c, r/, c, /. 

For the development, the radius oB is taken, 
and an are BB struck with it |76|, and a middle 
line of division uA taken, From this are set 
off to right and left the divisions taken from 
A, h, i\ /, k\ D [75], and lines drawn then(*e to the 
centre <>. Measurement is taken from A to g 
[75], and transferred from A to g [76], Next, 
from A to /' [75], and transferred from h to / [76], 
then from A to F. transferred from t to e, and 
so on to each side of tlie centre A, completing by 
their intersection with the radial lines the points 
in the developed parabolic outline. Then, from 
DB 175]. the divisions Du, 7/B, are taken and 
transferred to 76. and the end lines Bo, Bo 
drawn. 

'ro obtain the out lint* of tlie jilane parabolic 
section [77]. draw a ha^^e AB the length of each 
hajf (>A, CB being equal to the dimension FD 
in 75. Erect a pcrpendiculai- FD equal to tlie 
length FF in 75. Divid** half the base and the 
total height into the same number of equal parts. 
Erect perpendiculars troni the hast*, and diagonals 
from the sides, meeting at D. Diaw tin* para- 
bola tlirough tlie points of intersection. 

Arc and Chord Divisions, Tlie difference 
betwwn are and chord measuremtmts as they 
affect the length of a curved envelope is show n in 
78 and 79. wliich are semicircles, both divided w ith 
( hord measurements, but in 78 the divisions taken 
are longer than m 79 ; the difference is apparent 
in the lengths (vb in the tw’o illustrations. 

Envelopes of Cylinders. To develop the 
envelope of a cylinder jt^nting up against 
another similar cylinder with a mitre joint, 
proceed thus [80, 81]. In 80, the cylinder A, the 
envelope of which is desired, has its circular base 
projected in plan below for the purpose of 
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obtaining points of equal division on the circum- 
ference as convenient, 0, 1 , 2, 4, 5, H, 7, 8, 9, 10. 

These are jmdected up to the elevnif)n, rutting 
the plane of the joint ab in a, 1 2\ 8'. etc. From 
the‘-'e points of intersection horizontal lines are 
carried along to 81, as showm. Also, a horizontal 
line GO 181] is carried in continuation of the 
base cd of the cylinder A in 80. Now make 
the length go equal to the circumference cor- 
responding with cd, either by multiplying tlH 5 
diameter cd by 3T4ir)9, or by taking the jroints 
of equal division, 0, 1, 2, 8, 4, etc., in 80, and 
r<*peating them twice over in 81, as sliowm. 

Baise perpendiculars in 81 from 0, 1,2, 8, 4, etc., 
until they intersect the horizontal lines a, F, 2', 
8', 4', o', etc., previously drawm. If, now, in 81 a 
curve is delineated through the points of intfT- 
seetion of horizontals and verticals o', 1 2', 8', 4', 
etc., tliat will be the developed (‘dge of the joint. 
This curve, with the horizontal ao and the 
verticals oo', oo', comjilete the onvoloj)e for th(‘ 
cylinder A. 

Sections of Cylinders. Tlie great advan- 
tage of exaggerating a doubtful figure is now' 
applied to sections of cylinders. If we take 
two cases [82, 83], we have in one [82] two 
circular ( ylinders; in the other [83] one circular 
and one elliptical cylinder united. 

Equal Angles. In 82. since the jointing 
plane aa of the tw’O cylinders bisects the angle* 
formed by the edges (or centre lines) of the 
cylinders, so that the angle's o, o are alike, the 
cylinders A and B must be alike in their sections 
on the plane aa, and also at tlie ends cr. Such 
cylinders may have circular, or elliptical joints 
or ends. But if the ends cc (and bodies) are 
cylindrical, then it is clear that along the joint 
aa, both alike must be ellijffieal. And if they 
are of circular shape on the ])lane aa, then at 
cc they must he elliptical, and the shorter axis 
of the ellipse must he from c to r. These points 
are illustrated further in 83. 

Unequal Angles. Here, the jointing 
angle a a is not alike for A and B, but o' is 
wider than o. It follows that, though A and 
B must be alike on the j)larie a, a (for if other- 
wise they would not make a flusli joint), they 
differ in section aw'ay from that joint, because it 
is impossible to joint two like bodies except at 
(‘qual angles. If in 83 the cylinder A is of 
circular section, then B must he elliptical, and 
vice versa. 

In 83, th(* plan of cylinder A is drawn helow . 
that of B is drawn above, and the method by 
which its shape is found is as follows : As 
the joint aa is perpendicular to the sides of 
the cylinder A, and A is of circular section, we 
mark the circle n'G helow from A'A'. We divid<' 
its horizontal axis into any convenient number of 
equal parts 1, 2, 8, 4, 5, (>, and raise perpendicu- 
lars therefrom, cutting tlirough the circumference 
at 6, r, dy r, /, and thence to cut the joint aa at 
h\ c\ d', e\ /'. Prolong lines from these points 
parallel with the axis of B to eut a line CC above, 
perpendicular to the axis of B, and having a 
length CC equal to the diameter B'B' of B, the 
lines cutting it at 1', 2', 8', 4', 5', as shown. On 
the circle below take the distance and set it off 
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from r to g above. Take tlie distance 2c below, 
and set it off from 2' to h alK>ve. and so on. 
A Ime drawn through CghijH' will represent 
one half the true section of the cylinder B : that 
is the shortest section corresponding with B'B', 
or anywhere else parallel therewith. 

Elliptical and Circular Sections. But 
we see now clearly that B is ellij)tical in real 
normal section, though, in the* })lane it is 
circular. Also B'B' is tin* minor or shorter 
diameter of the ellipse. This reveals itself too, 
Ivcause as A is circular. B mus*t match A at 
the joint au. Yet as B neither stands normally 
at the joint a-a, nor vith a common angle 
of joint, the effect of these conditions must 
be to shorten B along the lines an and B'B'. 
B must l>e elliptical in section, but cutting 
it along mi produces a circular section there. 
Suppose A and B to \>o shown as in 84 , the 
facts just stated would be more obvious. Jt is 
also clear that if B were of circular section in 
83 , A must l>e elliptical, but in this cas(‘ the 
major diameter of the ellipse would be along (m. 

Development of Cut Cylinders. Tne 
development of the portion B in 83 is slioum 
in 85 , To avoid confusion of lines, the constructiem 
of B a 'd its elliptical shaj^e in the plane B'B' 
[ 83 ] is transfernnl to 85 . whence a nc^\ set of 
divisions is obtained for the develo))ment, as 
follows : 

Divide the semi-ellipse (V into any con- 
venient number of equal parts. 0, 1 . 2, 3, 4, 5. (1, 7.8, 
and project lines from these points of division to 
cut the sloping joint face <m at ?>, c, r. /, (j, h. 
Draw a line BB to the l<‘ft, continuous with the 
plane B'B', and make its lengtli equal to the 
circumference of B by stepping along with com- 
pa.s«c8 twice the number of divisions obtaiiunJ in 
the half plan over the cylinder B, (•', T. 2', 3', 
o'. O'. 7', 8', twice repi^ated. and draw lines 
therefrom |)erpendicular to the line BB. Carry 
horizontals along to cut these lines successively 
from a to a', b to b\ r to r\ etc. Through the 
{)oints of intersection draw the curve showm, 
which, w'ith the horizontal and vertical lines, will 
complete the envelope of the cylindei B, 

Development of Oblique Cylinders. A 
method of draw ing the envelope of this is .shown 
in 86. Let AB(T) represent the cy]ind(*r in out- 
line, the ends being circles, as sliowii in plan. 
Divide the latter into any convenient numl)er 
of equal parts, 1. 2, 3, 4, 5, 0, 7, 8. Project 
these divisions to the upper plane to a, b, c (L c, 
/. f7, D and C being the* boundaries. Draw^ lines 
D'A' adjacent to J)A, and })arallel whth DA. 
Draw lines, as shown, perpendicular to DA, and 
starting from D, a, b, r, d. e, /, g, C. Take one of the 
equal divisions 1, 2. 3, etc., from the plan with 
compasses, and. beginning at D', set it off first to 
P, (‘utting the perpendicular from a. Then set 
off the same from 1' to 2' on the perpendicular 
from />, until the eighth division is reached at 
C\ after which the divisions are stepped down 
to 7', O', 5', etc., until D' at the end of the pattern 
is reached. A line drawn through these points 
gives the outline corresponding witli D(\ 


For the other edge, take the slant length DA 
and set it off on all the lines drawn perpendicu- 
larly to the line D'D', and draw a line through 
the points of intersection. Then A"B'A' will 
give the outline corresponding with the edge 
AB of the cylinder. 

An Alternative Method. Another 
metliod of drawing the envelope of an oblique 
cylinder is showm in 87 , 88 and 89 . The cylinder 
differs from 83 in being a circular one. If it 
were not circular, the method to be described 
would serve equally well. 

In 87 , ABC!) represents the oblique cylinder 
in elevation, and DE [88] is the plane cutting 
it at right angles wdth its axis. Prolong the sides 
AD, B(^ 1 87 ] and also the axis Fr upw^ards. 
Draw’ tlie line OH at any convenient distance 
from and parallel with DE, and meeting the 
prolonged lines AD, BC at OH. Divide OH 
into any numl)er of equal parts 1,2, 3, 4, 5, b, and 
through 1, 2, 3, 4, 5 draw lines parallel with the 
axis Fc of the cylinder. Divide the axis in the 
plan view below, projected from the plane DO 
above to D'f'*' below, into the same number of 
(Mjual parts as (tH above, P, 2'. 3', 4', 5', O', 
and draw’ lines through these at right angles 
with D'O', meeting the upper set of lines at 
a. b, r. d, c. The ellipse having D'( for its major 
axis may have hnm described by the method 
shown in a previous ])roblem [ 83 ] ])y divisions 
round a semicircle. In 87 take the dimensions 
17'. P/' on each side of D'C', and set these off 
on eacli side of (^H, at 1/. 1/, and repeat 
the operation for 2'g\ 370, etc. A curve 
iijghijWjihgfO will rcprmmt the true se(‘tion 
in the plane DE. 

The Envelope of the Oblique 
Cylinder. To find the development of the 
envelo]>e of 87 . The ends are ellipses, as shown 
in the lower part of the diagram. The cylindrical 
body is obtained as in 88 and 89 . 

Fig. 88 is the upper }X)rtion of 87 repeated, 
but with new divisions. The circular ])lane is 
divided into any number of parts, eight on 
the semicircle, and lines arc drawn from these 
parallel with the axis of the oblique cylinder, 
cutting DP at n, b, c, r/, e, /, 7, and prolonged 
to DE. 

In 89 , draw a line I)D equal in length to the 
circumference of DE in 88, by setting round the 
equal divisions 1 to 8 twice. Draw lines through 
these points of division perptmdieular to th(‘ 
line I)D. Starting from D, and referring to 88, 
tak<* the distance aa' and set it off from 1 to a 
[ 89 ]. Take the distance hh\ and sot it off from 
2 to b [ 89 ], and so on, starting from each end D, 
until at the centre the distance 8P is equal to 
PE in 88. I’he curve drawn through D, a, by r, 
etc., in 89 will give the development around tlic 
plane DP in 88. 

Now set off lengths on the vertical lines from 
1), a, by Cy etc., each equal to the lengths DA or 
PB in 88. A curve ABA drawn through the 
points of intersection will give the development 
around the plane AB in 88. 
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ITALIAN 


By Francesco de Feo 


IRREGULAR VERBS 

Second Conjugation— ront innod 
Verbs in ere (short) — eontinued 
{Pttsl Drf. in si. J*(ist Pari, in s-o or s/o.) 

Intridere, to knead 

Past 1 >(>/.— hifrisi, infris . i))lnsfro. 

J^ast Part. — I utriso. 

Invadere, to invade 
Past Drf. — luvasi, invnsc, inrasn'o. 

Past Part. — Invasn. 

Ledere, to offend 
Past Thf. — Lr^i, lesp, Irsrro. 

Past Part. — Lpso. 

Mordere, to >>ite 
Past Thj. — Morsi., wor^r, uu'tr'orn 
Past Part.- Morso. 

Nascondere, to l)ide 

Past Urf. — Nnscasi, nasros(, /ee^rdsvro. 

Past Part. — Nnsro,sto. 

Perdere, to lo^e 

Pa'^f Ihf. — Prrdri, pprddfi., ptr'^i; perse ^ perde^ 
pcrdrttr ,* persrro and perdMlero. 

Past Part. — Perso and pirduto. 

Prendere, to <ake 
Past Jh f. — Pr''s}\ prcsr, prhrra. 

Pad Part, — Prcso. 

(bnjuj^ate like prendere : infra jnendcre, to un- 
dertake; sorprendere, to snr|)rise. 

Radere, to shave 
Past Ih'f. — Pasi, rase, rdsrra. 

Past Part. — Paso. 

Rendere, to render 
Past Dr/. — Pesi, rcsc, resero. 

Past Part. — Peso. 

Conjugate like rcnderc : arrind'r^i, to surrender 
Ridere, to lau^di 
J\isi Def. — Pisi, rise, risn'o. 

Past ]^a rt. — Pi so. 

Conjugate like ridere: arr'id< rf, to favour; 
deridcrcj to laugh at. 

Rispondere, to answer 
Past Jhf. — Pisp<rd, risposc, risposiro, 

J*ast Part. — Pisposto. 

(^onjiigate like rispondere : corris]a)nd( re, to 
corres])ond. 

Rodere, to gnaw 
I'^ast J)ef. — Ifosi, rose, ro'^ero. 

Jhist Part. — Poso. 

(Conjugate like la'xlerc ; corrCdere, to eorrode. 

Scendere, to go down 

Past A /. — Sresi, srese, sresero. 

Past l^art. — sccso. 

C/onjugate like scendere ; accondtsehidere, to yi(*ld. 

Scindere, to sejmrafe 
J^ast l^cf. — Srissi, scisse, .<(ci'<s(ro 
J^asf Part. — Sc is so. 

The compound presnndire (to ])?eseind) inakes 
in the Past Def, prescindti, prisnnd* sti, etc. 
Prcsnndcre has no Past Part. 


Spendere, to sp<‘nd 

Jhtsf ]h /. -- Spfsi, spt sc, spi’.<iero. 

Jhist J*arf.- Pp( 'SO. 

Conjugate like spindtre ; sospi ndwe, to suspend. 

Tendere, to aun at, to (lis)(l,iy 
Past Df’f. — Tesi, tese, testro. 


Past ]\trt. — Teso. 

Conjugat<‘ like tindere : 

inthahre, to understand, soprintendere, to suj)er- 
to hear intend 

fstenderr, to extend contendere, to contend 

prrtendere, to pretend stendere, to sjaead 
}>rotendf n , to stretch out sottintendrrt , to under- 
stand 

Uccidere, to kill 

Jhist ])(/. — I 'rrisi, nrdst , ncc'tstro. 

Pa st Part. — Per iso. 


ExI'UU’Ise XLV. 

1. 11 |)dvero haiuhino e st.ito morso d.i un 

cane. 2. Hagazzi, dove avet(‘ nascosto il eap])ello 
di fjuesto signore ? 3. Ahl)iamo gioeato e, secondo 

il sdlito, abbiamo perduto. 4. Chi ha preso 
il mio teinperino ? 5. Sono sorpreso della 

vostra eondotta. b. Fummo sor])resi alle spalk' 
e dovemmo arn'uiderei. 7. Afi sor])rende che 
non abbiate anedra risposto alia inia lettera. 
8. Ho sjreso pill di rjuello ehe avrei doviito. 0. T 
•lavori sono stati sospesi tino a ntiov’ drdine. 10. 
\vete inteso la nuova oper'a di Pueeini ? 11. Vi 

hodatodue mesi di st ipendio. Xon so eosa preten- 
dede di ])iu. ^ 

Kstcik'IZTo T)I Lettura — eontinued 

Viva e moia, son le ])arole (die mandan fuori [liu 
volentieri ; e chi e riuseito a persuaderli che un 
tale non merit i d'(*ss(‘re s(iuartato"’, non ha bisogno 
di s])ender piu parole per eonvinceili che sia dogno 
d'esser ])ortato in trionfo ; atlori, s])ettat()ri, 
strumenti, ostacoli, secondo il vento*-' ; pronti 
anche a star zitti, quando non sentan piu grida 
da ri)H‘tere, a tinirla*’^', quando manehino gli 
istigatori'-“, a sbandarsi^’’*, quando molte voci cem- 
eordi e non contradette abbiano detto : andiamo: 
e a tornarsene a casa, dornaiidandosi Funo con 
Faltro : eo.s' e stato ? Sie(‘omc ]>(Td (juesta massa, 
avendo la maggi(')r forza, la jiud dare a (dii vuole 
cosi ognuna didle due pirti attiv(‘ usa (»gni arte 
p(‘r tirarla dalla sua'*'', per impadronirscnc ; sono 
(juasi due anirne nemi(die, (die eombattono per 
eiitrai'c in (pud corjiacfio, e farlo im'ivere: fanno 
a elii .sa]>ra sparger le voed jiiu atte a ecadtar le 
passion i, diidgerc i movimenti a fav(jre didT uno 
o deir altro intento ; a chi sa])r.'i ]iiu a propfisito 
ti'ovare le nuove<'» ehe riacctnulano gli sdegni. o li 
affievoliscnno*'^', risvi'glino le spernnze o i terror i ; 
a chi sa])ra trovare il grido, che riyietuto dai ]>iu 
e piu forte, esprima, attesti e (Tci n(dlo stesso 
tempo il voto della ])luralita, per Tuna o per I'altra 
])arte. 

Notes. 1. To be quartered. 2, They ar'c 
actors, etc., ju<t as the wind happens to blow. 
3. To give up. 4. When iliere is no om* to prompt 
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them, 5. To become disbanded. 6. To draw it to 
their side, 7. To hit upon the news. 8. To weaken 
them. 

THE ADVERB 

Adverbs modify the meaning of verbs, adjectives, 
and other adverbs, as : (^osivi parla troppOf He talks 
too much ; Qiulla nigazza e rnolto hella. That girl 
is very beautiful : Lri parla VltcUiaiw rnolto corretta- 
mentc, You sj>oak Italian very correctly. 

The adverb may be used as a substantive, and very 
often also as an adjective. Exam])les : Pensiatno 
alVoggi ; al domani qunlche santo proxrvederd^ Let us 
think of to-day ; some saint will provide for to- 
morrow. U n rn estierc n egl i an v i addietro aasai I ucroso^ 
a trade (that was) very lucrative in past years. 

The adverb is invariable. 

Adverbs are divided into several classes; adverbs 
of quality, manner, time, place, quantity, etc. 

Adverbs of Quality 

The adverbs of quality mostly modify verbs, 
and are formed by adding the substantive mente 
to the feminine singular of the adjective. Ex- 
amples: carOy dear; cararneniVy dearly; sincero^ 
sincere; sincernmcntc, sincerely. 

The adjective is made feminine liecause it must 
agree with the substantive inenU\ which is feminine. 

1. The adjectives ending in -c, being of both 

genders, of course do not change before the termina- 
tion 'mnite. Examples; /or/c, strong: forttnievtCy 
strongly; dercw/c, decent ; decenterneniey decently; 
diligniie, diligent ; dihgvntnncntCy diligently. Ob- 
serve, however, that the adjectives ending in-/c 
and -re lose the final c if they are preceded by a 
vowel. Examples; faithful; faith- 

fully ; facile, easy ; facilmentey easily ; particolarcy 
particular ; part icol arm cniCy particularly. 

2. But if -/c or -re are preceded by a consonant 
the c is retained. Examples : folic y foolish ; folk- 
mente, foolishly ; acre, harsh ; acremente, harshly. 

3. Of the adjectives in -o, le^jgero, light, drops the* 
final o, and makes leggermente. The masculine 
singular of many adjectives may be used adverbi- 
ally, as: chiaro, chiara mente, clearly; forte, forte- 
merits, strongly, etc. 

4. The adverbs admit of the same degrees of com- 
parison as the adjectives from which they are 
formed. The suj>erlative is formed by adding mente 
to the superlative feminine of the adjective. Ex- 
amples ; fortrmente (strongly), comp., piu forternente , 
superb, forti'^sirnamrntc ; ekganfernente (elegantly), 
comp., piu clegantemeniCy superb, degantissimamenlt, 
etc. Instead of the forms fortissimamente, elegan- 
tissimarnente, etc., the periyihrastic expre.ssions 
con rnolta forza, con molta eleganza, etc. are often 


used. The superlative may also be expressed 
by the repetition of the adverb, us : sUhito svhito, 
at once ; piano piano, very slowly ; forte forte, very 
stronglj% etc. 

5. To the adjectives with irregular comparatives 
and superlatives correspond irregular forms of 
adverbs. Examples : adjectives, hnono, migliore, 
ottimo ; adverbs, hene, meglio, ottimamenie, and 
henissimo. 

b. Some adverbs may also take diminutive and 
augmentative terminations, as : henino, benon*', 
adagino, etc. 

Key to Exercise XLIII. 

1. See whether they have lighted the lamps 
in the dining-room. 2. What have you con- 
cluded ? 3. They hoped to obtrdn who knows 

what, but they have been disappointed. 4. 
The strikers burned a large quantity of corn. 
5. He asked me for some money, but I did 
not give it him. 6. Shut the windows, because 
a great storm is approaching. 7. To-day is a 
holiday, and all the shops are shut. 8. Every- 
one is running towards the church ; who knows 
what has happened ? 9. They decided to 
start at once, without waiting to hear from 
you. 10. She is offended because we have 
not returned her visit. 11. Italy was divided 
into so many small states. 12. The prisoner 
eluded the vigilance of the guards and succeeded 
in escaping. 13. The languages were confused. 

Key to Exercise XLTV. 

1. Be so kind as to tell me how this is said in 
English. 2. When we arrived in the church 
the service was already over. 3. Instead of 
standing here doing nothing, you had much 
better study your Italian lesson. 4. Have you 
heard from Mr. (^harles ? 5. No, we liaven’t 

heard any more of him ; perhaps he is not in 
London. 0. I^ave me alone, pray ; 1 am in a 
bad temper to-day, without knowing why. 
7. If you happen to see your friend, be so kind 
as to tell him to come to me this evening, 
because I have to speak to him. 8. I am sorry 
I cannot accompany you ; I have to write some 
very important letters. 9. According to me, 
the hostilities will begin again in the spring. 
10. What is the use of these tools ? 11. Help 

yourself, sir ; as you see, ev^erything is ready. 
12. What is the us{‘ of dwelling on the past ? 
What is done is done. 


FRENCH 

DEFECTIVE VERBS 

The following verbs are used in some only of 
their tenses ; 

1. Faillir, to fail, to miss, to escape narrowly. 

Past Part., failli, from which all the compound 

tenses may be formed. In practice, the use of this 
verb is limited to the Past Definite, jc faillis, etc., 
and the Past Indefinite, f ai failli, etc. II a failli 
en rnourir. He was near dying of it. 

2. Defaillir, to faint, to grow weak, is 
occasionally used in the ]»lnral of the Ind. Pres . — 
nous defaittons, vans difaillez. Us dJfaUlent. 

Jmperf. —je defaillais. Past Def. dl'faUlis. 

Past Indef. — fai defaUli. 


By Louis A. Barbe, B.A. 

3. Ferir, to strike, is used in the single expres- 
sion sans coup fhir, without striking a blow. 

4. Gesir, to lie, is used only in the Present 
Particijjle —gisa nt. 

Ind. Pres.—il git, nous gisons, vous gisez, Us 
gisent. 

Imperf.—je gisais, etc. 

Epitaphs frequently begin with Ci-git, here lies — 

Ci-git ma femme. Ah, qu'elle est hien 
Poxir son repos et pour te mien. 

Beneath this stone my wife doth lie ; 

Now she’s at rest, and so am I. 
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5. Ouir, to hear, is still occasionally used in 
the compound tenses, formed with the PaHt Parti- 
ci'plv — out. It is usually followed by dire— f a) out 
dire, I have heard say. 'J’he old Jm))erative still 
subsists in the Enj^lish criers’ 0 Yes ! ” corrupted 
from oi/ez. [See Enijmsh, ])age 17(59.] 

(5. Querir, to fetch, is occasionally used in the 
infinitive, instead of chnrhfr, after vettir, nihr 
and euvoyer. 

7. Saillir, to jiroject, .^uUhtut, s(tdh\ (‘an only 
be used in the tliird ))erson singular or plural, and 
has no Past Delinite — if snilfc, ift^ saiffeuf ; il 
miflaU, etc., il .'^(lilleru, etc., il stiilleruit, etc. 

H. Choir. to fall ; Past Participle ~chu. 

The Future rJurra occurs in Perrault’s ‘‘ Fairy 
Tales.’’ 

9. Dechoir, to fall off, decay, dlchu. 

10. Echoir, to fall due, irh/ant, ecJiu. 

Ind. Pres. — if ichoit. Past Ikf. — il (chvt. 

Future ~il ech'‘rra. (\>ud. Pres. - il echerrait. 

Suhj. Itupa'j. ~qu il echut. 

11. Seoir, to become, to befit ; sei/ant. 

Jnd. Pres, -il si<d. Us silent. 

Imperj. — il soya if. Us sty aunt. 

Future — il su'ru. Us sieront. 

Fond. Pres.-~ il sierait. Us suraient. 

S uhj. Pres, —qu' U s i /e, q u ' Us s i ee n (. 

12. Seoir. to be situated, slant, sis, sise. 

19. Surseoir, to put off, respite, sursoyanty 
sursis, is conjugated like the oi, oy form of asseoir — 
je sursois, etc., but has th<‘ Future and (Vmditional 
je surseoirai etc., je surseoirais, etc. It is use<l 
almost ex(‘lusively as a law term. 

IT Accroire, to believe, is used only in the 
infinitive afti'r faire, in the exyiression faire accroire, 
to make someone believe what is not true. 

15. Braire. fo bray. 

/ d. Pres. — U hr a it. Us hraient. 

Future — U hraira. Us brairont. 

Fondit. — il brairaif. Us brairaient. 

10. Bruire. (<’> rustle, to murmur. 

Ind. Pns. — il bruit, {Us brulssent). 

Imperj.— it hruissait. Us bruissaient, and il 
hruyait. Us bruyaient. 

S u b j. Pres. — qu'il hr u isse. 

17. Clore. to close, clos is us(‘d in all its com- 
))Ound tens(‘s, in the singular of th(' Ind. Pt\s, 
je clos, tu clos, il clot, and in all the piTsons of the 
Future — je clorai, etc. ; ('ond.—jc ctoirais, etc. ; and 
Suhj, Pres. — que je close, etc. 

IS. Eclore, to be hatched, to open (of fio^\c^s), 
is used in the third ]K*rson singular and plural ot 
the same tenses, and of all the compound tenses, 
which are conjugated with lire. 

19. Frire, to fry, is commonly conjugated with 
the different tenses of jairc, to make, je fais frin, 

1 fry (make to fry). It may, however, l)e used in 
the singular of the Ind. Pres.—je jris, tu fris, if 
frit,' throughout the whole of the Future - je frirtti, 
(‘tc. ; the ( 'and. Pres, — je frirais, and in the 
Jmperat.- second person singular— /r/.v. 

20. Traire, to milk, trayant, trait, trait(, ha-^ 
no Past Definite. 

Jnd. Pres.—je trai't, tu trais, il trait, nous trayons, 
votes irayez, Us traient. 

Impirj.—je trayais. Future— je trairai. 

Cond. Pres.—je trairais 

Jmperat. —trais, qtCU traie, trayons, trayez, qu ds 
traient. 


Suhj. Pres.— que je trai< , que tu traUs, quid 
traie, que mats trayions, que rous trayiez, qu'ils 
traient. 

Ahstraire, to abstract, distraire, to di\ert, distract, 
se distraire, to amuse oneself, < rtraire, to extract, 
soustraire, to subtract, and s-c soustraire (d), to 
escaf»e from, are conjugated like traire. 

Exi:k(‘ise XXXV. 

Nof'ABUI.AUV 

vn arsenal, .irsenal deplaire, disph'ase 

Kne amntun, adventure dtsceudre, go do\Mi 
fe bout, end dltenniufr, determine 

le bruit, noise Irhapfxr (s'), csc.ipe 

le camaradf , comrade. Irouh r, listen 
le chapon, capon Iqunr. l(‘ad astray 

le cluirbonnif r, charcoal- emporler, to carry away, 
burner lake away 

le chemin, road nitrer, enter 

le chevet, head ((ff a bed) (tendre, to stretch 

la couronne, crown ereilhr, awaken 

le couteau, knif(‘ /.raminer, examine 

le coutelas, cutlass l/urler, liowl 

fe dejeuner, brcakbist inribr, invite 

le diamant, diamond lais<irr, leave 

le dogue, mastiff marclur, walk 

un escafier, staircase niouti r, come up 
la fente, chink onxtlre, omit 

le feu, fire oser, dare 

fe fusil, gun passt r {se), ])ass by, go by 

la gorge, throat pendr* , hang 

une hesitation, hesitation pirdre, lose, undo 
un hote, host poser, lay down 

nne hotesse, hostess priir, reiiuest, beg 

le janibon, ham proiuettre, })romise 

la lanipe, lamj) raconter, relate 

le lendemain, next day ras^urer {st), regain con- 
le lieu, the plata‘ lidence 

la mine, ay)])earance, look respirer, breathe 
le mot, word ro7cr, remain 

la peine, difficulty refirer {sc), retire 

le pishlet, ]>islol saisir, seiz(‘ 

le plafond, ceiling trouiur, find 

le sabre, sword tmr, kill 

le sens, sense, meaning vdlhr, watch 
li sentier, path voyager, travel 

le soin, care ue pas se faire prier, to 

le sou per, su])per r(‘fjuire no jiressing 

fe soujn^on, suspicion 

fa tranche, slice d peine, scarct'ly 

fe frarersin, bolster au contrairt, on the con- 
la valise, valise trary 

fe voyageur, traveller au dessous di , beneath 
aupris, near 

haut, upyier (after noun) aussifut, immediately 
inalheureux, unhappy autre ment, otherwise 

montagneiLv, hilly, moun- ddtors, outside 

tainous dis que, as soon as 

pieds nus, barefooted dtraut, in front, ahead 
practicable, ])raetieahle douce ment, gently 

preeieu.r. precious du moius, at least 

riche, rich tu has, Ixdow, downstaiis 

eh hien ! well 

urr/ccr, to arrive, <at Icngtli, now', 

causer, t(j chat finally 

ehercher, to s(‘ck, look foi' pres de, near to 
Com prendre, to under- iant que, as long as 
stand trauquilb ment, (yuietly 

cousister, to consist royous ! let us sec, let 

coucher, lie down, sleep ns settle 
dicoiurir, nneover 

Translate into French 
In a letter to his .‘onsin a French writer, P.iul 
liOuis Fourier, relates a terrible adventure wliieli 
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happened to hitn in Italy (lUiHc). He was travelling 
in Calabria {Calabn) with a friend. It is a hilly 
country, and the horses of the two travellers 
walked with much difficulty. It was Courier’s 
comrade who was going on ahead. He saw a path 
which seemed to him more practicable and shorter, 
took it, and led them astray. As long as it was 
(made) day they looked for their road; but the 
more they sought, the more they lost themselves, 
and it was black night when they arrived near (to) 
a very black lioiise. They entered it (y), not 
without suspicion, and only because they could 
not do otherwise. There they find a whole family 
of charcoal-burners at table, to which (o«) the 
two travellers were immediately invited. “My 
young man did not require to be pressed,” says 
Courier. “There we were eating and drinking— he, 
at least ; for as to (itour) me, I was examining the 
place and the appearance of our hosts. Our hosts 
had, indeed {bicn), the looks of charcoal-burners ; 
but the house —you w’ould have taken it for an 
arsenal. There was nothing but (ce n ^latent qvc) 
guns, pistols, swords, kniv’os, cutlasses.” All this 
displeased him, and he .saw plainly (bicn) that ho 
was displeasing too. His comrade, < n the contrary, 
was (one) of the family ; he laughed, he chatted, 
he said whence he came, where he was going, who 
he was. To {pour) omit nothing that (of what) 
could undo him, he ])layed the rich (man), promised 
the Cuarcoal-hurners all they w'anted to serve (to) 
him as guides next day. Finally, he spoke of his 
valise, l>egged them to t ike great care of it and 
to put it at the head of his bed. He did not want, 
he said, any other bolster. The charcoal-burners 
must liave thouglit (believed) that he was carrying 
the crown diamonds. When the Rup[)cr was 
finished, the hosts went down and left the travellers, 
who w'cre to sleep in the upjicr room where they 
{on) had eaten. The younger of the two lay down 
w'ithout tlie least hesitation (with) his head on the 
precious valise. The other, determined to watch, 
made a good fire, and sat near (it). The night 
passed quietl}^ and he was Ix'ginning to regain 
confidence, when about the hour wlien {ou) it seemed 
to him that tlie day(light) could not be far, he 
heard .someone sy)eaking l)eneath him. He listened. 
Jt W’as the charcoal-burner, who was saying to Ins 
Wife: “Well, now', let us settle; mu.st 1 kill them 
both ? ” Tlie unhayipy t^a^eller remained scarcely 
breathing: to see hiuy one would not have known 
w'hether he was dead or alive (living). He dared 
not call or make any noise ; he could not e.scape 
all alone. The window was not very high, but 
below' tlicrc were two mastiffs, which W'cre howling 
like wolves. At the end of a quarter of an hour, 
which seemed to him very long, he heard someone 
on the staircase, and through the chinks of the 
door he saw the father, (with) his lamp in one hand, 
in the other one of his big knives. The charcoal- 
burner came up. liis wife after him. He opened 
the door; but before entering he laid down the 
lanif), which bis w'ife came and took ; then he 


entered barefooted, and she from outside said to 
him : ” Gently, go gently.” When he had come 
near the bed where the poor young man was 
stretehed, offering hia uncovered "throat, with {de) 
one hand he raised hia knife and with the other — 
he seized a ham which was hanging from the 
ceiling, cut a slice of it, and retired as he had come. 
As soon as day(light) appeared, all the family, 
with (d) great noise came and awakened the travel- 
lers. A very clean and very good breakfast was 
served. It consisted of two cayions, of which they 
must, said the hostess, take one away (with them) 
and eat the other. On {en) seeing them. Courier 
understood, at length, the meaning of those terrible 
words ; “ Must I kill them both ? ” 

Key to Exercise XXXIV. 

1. La petite Mario, assise dans iin fauteuil, lisait 
I’histoire du Petit Chaperon Itouge. 

2. Quand la pauvre fille avait tait son ouvrago, 
die nlhiit s’asseoir dans les cendres, e’est pourquoi 
on fappelait (/cndrillon. 

3. No VOU8 asseyez pas sui* fherbe, die est Immido ; 
vous vouH enrhumerioz. 

4. Ti parlait k chaquo instant de s’en alJcr, mais 
il so ra.S8oyait tou jours, et nous ne pouvions (pas) 
nous d^bnrrasscr de lui. 

6. Pour dnouv'oir si's auditeurs il faut quo rorntour 
soit dinu lui infune ; on n’^meut pas sans etre emu. 

0. X’ne arm^e ost im coryis aniin^ d’une infinite 
de passions difforentes qu’un hoinmo habile fait 
inouvoir pour la defense do la patrie. 

7. Lorsqu’on ne pout faire ce que Ton veut, il 
faut ossayer do vouloir ce quo Ton yieut, 

8. Nous parlons pou quand la vanity no nous 
fait pas ]>arlor. 

9. Nous oublions aisthnent nos fautes, lorsqii’dles 
ne Hont sues que de nous. 

10. La parfaite valour est de faire sans tdnoins 
ce qif on serait capalilc do faire devaiit tout lo inonde. 

11. Les personnes faibles ne pi'uvent etre sinceres. 

12. Nous somrncs plus pri"^ d’aimer ceux qiii nous 
haissent, que ceux qxii nous aimeiit plus que nous 
no voulons. 

13. Un pbilosophe a dit que peu de gens savont 
etre vieux. 

14. La vanite nous fait faire plus do clioses coiitre 
iiotro gofit quo la raison. 

16. Oe quo nous sav’ons ost pou de chose on com- 
paraison do co que nous ne savoiis pas ; et quehpiofom 
indue ce quo nous ne savons pas est justernent ce 
que nous devrions savoir. 

16. Savoir qu’on ne sait rien, c’ost Ha^'oir beaucon]). 

17. L’hoinine qui so vend est toujours paye ])lij-» 
qu’il ne vaut. 

18. Les grandes ponsees viennent du roeur. 

19. Le provcrlie nous dit que tout vuent k yioint 
k qui suit attendre. 

20. Nous disons du bion de nos amis pour dou\ 
raisons ; d’abord pour cju’ils npprennent que nous 
disons dll bien d’eux, et ensuite pour qu’ils disent 
du bien de nous. 

21. Go qu’une judicieuse prevoyance n’a pu 
inottre dans I’esprit ties homnvM, une inaitresse plus 
imperieuse, je veux dire rcxj)erienc(‘, les a forces do 
le croire. 

22. Dites-nous ce qu’il faut faire ct nous le ferons 
immdliatemont. 


Continued 


SPANISH By Amalia de Alberti & H. S. Duncan 


ADVERBS 

Adverbs arc simple, derivative, or compound. 
They qualify nouns, verbs, or other adverbs, and 
denote time, place, manner, quantity, affirmation, 
negation, or doubt. 

Simple adverbs consist of a single word, as prowto, 
soon : luego, directly. 


Derivative adverbs are formed by adding lueutf 
to adjectives, according to the following rules. 
Formation of Derivative Adverbs 
1. With adjectives ending in o, mente is affixed 
to the feminine form. Example : 

cierto, certain ciertamentey certainly 

orgidloaoy proud orgulloaamenfc, proudly 
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2. With adjcotives having ono ending for both 
genders wcntv is simply added to the ordinary 
termination. Example : 

feliz, happy felizmcntc, happily 

pritilcvie, })nidcnt pr^idfutemenlc, prudently 
corth^ courteous cortf mnevtc, courteously. 

3. Mtnfc can never be added to adje<*tives not 
ending in o which have a feminine form, as trnidnr, 
Iraidoro, treacherous. These can only be used 
adverbially with the phrase dc nna rnancra. 

Example : De vini mancra iraidora, treacherously, 
or, in a treacherous manner. 

4. Most adverbs in nicvfc can be turned into an 
adverbial phrase in this way if they denote manner. 

Example : Prudenfernente, ])rudently, or, dv mm 
omnera prudcnic, in a ])rudent manner. 

o. These adverbs can also be replaced by the 
preposition con and a noun. Examj'le : (Jon 
prudencin, with prudence. 

When several adverbs follow each other in a 
sentence, yntnfc is only added to the last. 

Exam])le : Franca, junta y clnramcnte, frankly, 
justly, and clearly. 

Compound Adverbs. Compound adverbs 
are adverbial expressions composed of two or more 
words. Kxam])les : 

de (jolpr, suddenly d veers, sometimes 

de nuero, anew d menudo, often 

de propdsito, purposely en lo svccsivo, henceforviard 
d porfia, ])ersistently row todo, notwithstanding 


Adverbs of Time 

cuando, when /rw? pm wo, early 


(ihora, now 
# ntoncf v, th(‘n 
ay(r, yesterday 
hoy, to-day 
ynanana, to-morrow 


tarde, late 
antes, before 
despues, afterwards 
yd, already 
todavia, still 


siempre, for ever, always nunca, never 
The adverb ot time, recientemente, recently, is 
shortened to nriVw before a partici])ial adjective. 
Ex ''111] lie : 

Murid recientemente, Tio died recently. 

7.0? recitn camdos. The newly-married coujile. 
KI nino rtcioi nacido. The new-born child. 

Adverbs of Place 


aqui, here 
aJU, ahi, there 
acd, hither 
olid, thither 
advhtnte, forward 
donde, where 
airds, back\^ard 
arriba, up 
(dm jo, down 


cncima, above 
deha jo, beneath 
cerca, near 
lejos, far 

adtntro, inwardly 
di ntro, within 
fuera. nfuera, \\ithout 
enfrenti , op]>osite 
junto, near, next to 


1. Aqui and aUi are used with verbs of rest, acd 
and (did with verbs of action, and ahi with eitluT. 

2. Aqui and acd denote the ])lace where the 
speaker is, ahi the place where the ])crson addressed 
is. (dli and alld some other [ilace remote from both. 

,‘k The meaning of donde is specialised by pre- 
positions. I A donde ran ? Where are they going ? 
/ Por donde pasa ^ Which way does he go? La 
ciudad en donde nacid. The city where (or in which) 
he was born. 

Donde assumes an accent when interrogative. 

Adverbs of Manner 


como, how 
av/, so 
hien, well 
nod, badly 
(dto, aloud 
hajo, low 
!Most adverbs in menie 


redo, strongly, rajiidly 
quido, softly, gently 
casi, nearly, almost 
cad casi, very nearly 
rnejor, better 
peor, worse 

^ also adverbs of manner. 


Adverbs of Quality 

cuanto, how much demasladx), too, too much 

?nucho, much nids, more 

muy, very harto, sutticiently 

poco, little nlqo, somewhat 

hastanie, enough eorno, how, as 

ap/nas, scarcely, hardly adernds, be‘-id(‘s 

1. t^^are must be taken in the use of muy and 
tnuchn. The English very much” cannot be 
tran^-lated “ muy mucho'' but must be rendered 
by the sunerlative of mucho — muchiduio. 

2. j}fi(y (jualitles adjectives, adverbs, and ad- 
verbial ])hrases. It can never stand alone, but 
is replaced by )nucho. Exam])les : 

F-i muy rico, lie is very rich. muq rico J Si 

ynucho, ]Hho very rich ? Ves, vf‘ry. 

Kduro mui/ enfermo, pero estd mnehi^iimo wejor. 
He was very ill, but he is very much better. 


Adverbs of Affirmation, Negation, 
and Doubt 


.s7. yes 
no, no 
n Ultra, never 
jarnds, ever, never 
siempre, always 
/)or cierto, certainly 
}tor supuesto, of course 
vada, not at all 


acaso 

talvfz [i)erhaps 
quizds ] 

apenas, hardly 
prohafth (nevtf , probably 
dific il mentc, i m pr oba 1 )1 y 
ya no, not now; no more 


1. With some verbs si. yes, rerpiii'es the* conjunc- 
tion <7?/^, that. Exam])les : Diqoqut si, 1 say “ yes.” 
Ttnw que no, 1 fear not. (Weo que si, I believe so. 

2. The negative term« nunca and jarnds may be 
used together to emjihasise a negative, and should 
be translated “ never again. ’ Example : Fo Ic 
i ftcrihire nunca jarnds, I will never write to him again. 

3. When the negative terms tti, neither, nor; nin- 
(/aao, none : nunca, jarnds, never; nada, nothing, 
follow the verb, no is required, but not when they 
])recede it. Examples : 

^o quiero nada ) t * n • 

V i , • „ 1 I want nothing 

J\ada quiertt I 

A’o tenyo ni t ino ni aqua \ I have neitlxT wine nor 

Mi vino ni aqua fenqo I watiT. 


Degrees of Comparison 

Adverbs form their degrees of com])arison like 
adjectives, but without variation m gendiT and 
number. 

Positive— (laro, clearly ; cerca, ne.ir. 

Comparative — Maschiro, more clearly ; ma^ r< era, 
nearer. 

Pelative SrPERLATiN E^{Lo) utas claro, the most 
clearly ; {b}) mas cerca, the ne u'(‘st 

.\p.soLUTK SiTpERLATivE — ('lorisinio, very clearly : 
C( rquisimo, very near. 

1. The article is not used with the n'lativc' 
sujierlative in the f.iso of adviTbs, but the siuise 
])lainly show's wdiether this or the compuratne 
js intended. 

2. The absolute suiierlative of adverbs in mente 
is formed by changing the adjective superlative 
t»imo into isimamenti. Examples; 

Doctamente, learnedly, doefi dmamentf>,\evy learnedly. 

3. 'Fhe forms of comiiarison arc ; Mas jelizmettk 
que, more hap])ily than ; menos jelizmentc que, less 
ha])pily than ; tan jehziru nte como, as liap])ily as. 

4. The followung adverbs form their degrees of 
comparison irregularly. 

Positive — Mucho, much; }K)co, little; bicn, 
Avell ; mal, badly. 

(’omparative — Mas, more; moms, h^ss ; ntijor, 
better ; peor, worse. 
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Relative Superlative — [Lo) rnas, the most ; 
ih) tnctios, the least ; {lo) mejor^ tlie best ; {lo) peor^ 
the worst. 

Arsoh^te SrpERij^TivK — M^tchimno, very much ; 
]x>qH{bimo^ very little ; malisimo, very badly. 


Adverbial Phrases 


a In darn, ojx'nly, manifestly 

fi la largn, in the long run 

a la ligern, lightly, sujHjrficially 

al momcnto, instantly, at once 

por lo was, at most 

por lo menos, at least 

dc hunin gavn, willingly 

de todo pujito, wholly 

f?> seguida, directly, presently 

a degas, blindly 

}X)r si acdso, in ease 

ahora misnw, this very moment 

win/ d la inodft, very fashionably 

al re res, on the' contrary, quite the oppo.sito 

de re res, from left to right 

mug de prisn, in great haste 


cnmino adefaute. onward 
ados afrds, years ago, long ago 
ruesta arriba, uphill 
d mas cnrrer, at full speed 
a 7fias uo poder, with all one's might 
uanto antes, as soon as possible 


de cvando en cuando 1 


now and then 


de vez en cuando 1 
de parte a parte, through and through 
hoy din, nowadays 

ianto mas 6 menos, so much more or less 

tanto wcjnr, so much the better 

tanto peor, so much the worse 

enfrefanto, in the meant imc 

nlgun tanto, a little 

ianto me gusia, \ like it so much 

j)or tanto, therefore 


Kxkrcisk XIX. (1) 

Translate the following into Spanish: 

1. It is certain that his conduct gavT proof of 
valour. Certainly nobody would have believed it. 

2. He proudly refused the reward offered him ; in 
this case liis ])ride was just. 

,‘J. He was very })leased with the present they 
iiride him. Was he ])lcasod V Very ])leascd. 

4. Very many people thronged to see the pro- 
cession. 


[Do not use the superlative : it would be sufficient 
to say, many people thronged.] 

He was always la/y, and he will never correct 
himself of this fault. Let us not lose hope ; per- 
ha])S with age he will correct it. ]*crhaps it may 
be so, but 1 fear not. 

0. He gave [)roof of being prudent in with- 
drawing from the contest. I should say he pru- 
dently withdrew, as his disadvantage was clear. 

7. I do not deny that he is courteous, but he is 
not an agreeable person, and I should like to bid 
him farewell courteously. 

S. Our friend died recently, and also the newborn 
baby. 

Exercise XIX. (2) 


Translate the following into English : 

1. Feliz es el que pasa una vida tranquila sin 
grandes acontecimientos, muehos tienen la dicha 
de que esto les suceda. 

2. Apenas bubo hcredado una gran fortuna, la 
derro(‘hu. 


3. Probablemenle ol ])ublico nos prodigara bus 
alabanzas cuando sepa lo que homos heoho, sin 
comprender los motivos que nos impelieron. 

4. Niiestro amigo se acuesta temprano y se 
levant a tarde. 

5. Dc arriba abajo, dentro y fiiera, de aqui, 
alii, sin cesar todo el dia, hasta que nos cansarnos 
de verlo, y cerramos la puerta, y temo ipie jarnds 
nos ]>erdone la afrenta. 

0. Doctamenle nos hizo un discurso, ex pi lean - 
donos varies asuntos doctisiinamente exjuiestos, pero 
Kumamente fastidiosos. 

7. Did poco inas d menos todo lo que yioseia a 
los pobres y esto era ])oqiusimo ; dc bueria gan i 
hubicra yo auadido algo, pero temi ofenderlc. 

S. El cuarto se llcnd de Inimo, y a ciegas busque 
la puerta. 

1). Al inomcnto quo le vi le conoci, y de seguida Ic 
ha bid. 

PROSE EXTRACT XV. 


From “ Notas sobre cl 
lanit'o en el 
The problem of tran's- 
j>ort is of vital import- 
ance for Spain, and. until 
it is sohed, it is useless 
to think of the nuTcan- 
tile and industrial de- 
velopment of the Penin- 
sula. Very special atten- 
tion has been and is 
being dovotc<l to this 
subject abroad. In the 
Ignited States, for ex- 
ample, one of the reasons 
W’hich has made ])OSKible 
the extraordinary de- 
velopment of the metal 
industry, a])art from the 
possession of abundant 
iron ore and coal mines, 
is found in the great 
facilities and economy of 
their excellent system of 
communication, not only 
by rail, but also by sea 
and river, which shortens 
the distances to an amaz- 
ing extent between the 
mineral -])roducing cen- 
tres and the coalfields, it 
being almost incredible 
in Spain that in the 
principal centres of the 
metal industry in the 
United Stales, such 
as Pittsburg, Chicago, 
Youngstown, and Wcel- 
ing, the mineral and the 
fuel em])loyed are some- 
times separated one from 
another by a distance of 
800 to 1,000 miles. The 
deficiency of Sjwin, as 
regards tliis im})ortant 
question of railways, is 
most clearly shown up if 
we consider that the 
Peninsula, with a terri- 
tory of 404, OQO s(juare 
kilometres in extent, has 
only 13,000 kilometres of 


Comercio Hispano-Bri- 
ano 1004.” 

El problema dc trans- 
portes es de vital impor- 
tancia para Espnna, y, 
miontras no se resuelva, 
es imitil ]>ensar en (4 
desarrollo mt'rcantil e 
industrial dela Peninsula. 
En el extranjero, sc ha 
])rcstado y ])rcsta a dicho 
asunto especial jsima 
a tone i on . En 1 os Es ta dos 
UnidoH, ])or ejtmiplo, una 
dc las razones qiie ha 
heclio posible el extra - 
ordinario desarrollo 
adquirido por la industria 
metalurgica esta, aparte 
de la posesidn dc a bun- 
da nte mineral de hierro y 
dc rainas de carbon, en 
las grandes faeilidades y 
economia del exeelenk* 
sisterna de transportes, 
tanto ferreos como mari- 
timos y fluviales, (pie 
permite acortar las dis- 
tancias de im niodo 
asombroso entre los 
centros ])rod net ores de 
mineral y los yacimientos 
de carbon, siendo casi 
inconcebible en Espana 
el ((ue en centros princi- 
])ales de la industria 
metalurgica de los 
Estados Un idos, tales 
como Pittsburg, (’bicago, 
'N'oungstown y Wccling, 
cl mineral y el combus- 
tible em]»leado hallanse 
a voces separado uno do 
otro por una distaneia 
de 800 a 1,000 millas. 
La defieiencia de Espana, 
respecto a esta impor- 
tante cuestion de vias 
ferroas, apnrece con toda 
evidencia si pensamos 
que la Peninsula, con un 
territorio de 404,000 kilo- 



railway, while Grejit metros euaclrados dc ex- 
Britain, with a Rmaller tension, oucnta sola- 
area— nz., 314,000 Rcjuare mente con 13,000 kilo- 
kilometres. has a network metros de ferroearriles, 
of railways of nearly mientras fjne la Gran 

40.000 kilometres. Brctana, eon un terri- 

torio menor, 6 sea do 
314,(K)0 kilornetros r*na- 
drados, tiene ima red de 
eaminos de hierro de 
eorca de 40,000 kilo- 
metros. 

It is true that the Es eierto qne la con- 
geolopical formation of stilnciori ^eologica de la 
the Peninsula renders the Peninsula ditienltamneho 
eonstriietion of such com- la obra de las comunica- 
munication very difhcult clones y la haee suma- 
and extremely costly, as mente costosa, pues el 
the average cost of the coste medio ])Or kilo- 
railway per kilometre in metro de los ferrocarriles 
the mountainous districts en los distritos mon- 
t)f Spain is between tahosos de Espana 

120.000 and 130,000 asciende de 120,000 a 

])esetnR. For this reason 150,000 pesetas prdxi- 
we do not found any peat mamente. Por esta 
hopes on the light railway razon no fundamos 
scheme recently promul- grandes es])eran 7 ,as en la 
gated, because the ley de ferrocarriles seenn- 

guarantee of 4 per cent. flarioR promulgada ulti- 

(»n the basis of a capital- mamente, ^xuque la 

isation of 50,000 pesetas garantia de 4®/o, sobre 
per kilometre is insuffi- la base de una capi- 
cent for the greater f)art talizacion de 50,000 
of the proposed lines. pesetas por kilometro, es 

insuheiente para la 

mayor parte de las lineas 
proyectadas. 
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3. Maldwiendo su suerte, se suicido. 

4. Bendiganios la providcn<‘ia por sus iKuicficios, 

5. Oigamos el buen consejo (pic nos cs dado, 
y despues dc oido sigamoslo. 

0. Venid ciiando el deber os llama, y al hacerlo 
(doing so) regoeijarse. 

7. El mundo nos ha absuelto de toda culpa. 

S. El hijo de la Sehora dc T. esta deformado. 

0. Un drspota oprime a los qne lo rodean, pero 
oprirniendo sc hace aborreccr. 

10. Prendieron al ascsino, Fm* pre^o dcspucs de 
ofrecer nuicha rcsistencia. 

11. Hay una tienda (pie sc dice s('r “ proveedor 
general.” Ha provisto a muchos desde la cuna hasta 
la sepultura. 

12. Se ha roto mi reloj, y (d cnado rompio el 
vaso despues de romper la fuente. 

Key to Exercise XVIII. (2) 

1. Old chests arc found in Holland, carved with 
great skill, whi^h,are much priz(‘d. 

2. Cupid’s quiver is full of treacherous arrows. 

3. 1 went to the tlorist and bought choice and 
RW('Ct -smelling flowers. 

4. The cat scratched me with its claws. 

5. The art of s])inning has gone out of fashion. 
In olden times even queens s]nin, and with the 
thread produced by their wheels they wove very 
fine linen. 

(>. That man thinks himself a tirst-class writer, 
and he is so illiterate that all his (juotations aro 
incorrect. 

7. To infl.imc the evil passions of our neighbour 
is an infamy. 

8. Moss, ferns, and wild grass are found on 
mountain sides. 

fl. Sometimes ^lebbles of a certain value are found 
in the sand on the seashon*. 

10. We put the apples and pears to ripen. 


Key to Exercise XVHT. (1) 

1. No se ])uede decir ” De esta agua no bebort*.” 

2. Vaim^s esta nochc al tcatro. Jirmos en cochc. 

i Continued 
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( ojititni«'<l from 
INiifr 4S(K) 


By Harald Clegg 


PRONOUNS 

Possessive Pronouns. 

These arc formed from the {kt- 
Ronal ]ironouns Him ply by the 
addition of a. Mia, my, mine ; 
I'ia, your, yours ; ilia, their, 
theirs, etc. Being adjectival, they 
follow the general rule of taking 
j for the plural, and n for the 
accusative. The only pronoun 
which docs not submit itself to any 
of the above changes is oni. It is 
always used in the nominative 
case. In translating the English 
W(jrds, mine, yours, theirs, and so 
on, the article may, if jireferred, 
be employed. Examyiles : 

Mi havas viajn lihrnjn, haj vi 
haras (la) miajn, I have your 
books and you have mine. >Vft 
/rlo fra pis (la) mian. Her son 
struck mine. 

Viaj amikoj estas malbonaj, la 
miaj estas honaj, Your friends 
are bad, mine are good. 


Reflexive Pronouns. I A " 

pronouns, sia, siaii, siajii, formed 
from si, will demand careful atten- 
tion, and as they are dealt with 
fully in another lesson, the exer- 
cises at the end of this lesson will 
avoid their use. 

NUMERALS 

Cardinal Numbers. These 
are inni (1), dii (2), tri (3), krar 
(4), kviv (5), scs (fl), sep (7), ok (8), 
nan (9), dek (10), cnit (100), mil 
(1,000), which, being root words, 
are invariable. JVulo repreH(‘nt8 0, 
and being a noun i‘^ declined in 
the usual way. To form tens, the 
above digits are prefixed to the 
word dik: Dudtk (20), kvardik 
(40), sesd^k (<>()), vaudek (90); and 
to form the hundreds, thousands, 
and millions, the .same pn'ieess is 
adopted : kvincent (500), kvardek- 
mil (40,000). 

I’ho intermediate numbers arc 
placed after the tens, hundreds, 


thousands, and millions, thus: dvk 
tri (13), krindek sep (57), rnU 
tri (103), mil raucDit krin (1{K)5), 
cDitmil dek (HH),0K)). Ex.imples: 

La knaho rid is dek dii aqlojn. 
The hoy saw twelve eagles. Jen 
estas cent, junto} sterlingaj por 
vi. Here is one hundred pound 
sterling for you. Mi haras unu 
fihm kaj ses fratojn, 1 have one 
son and six brothers. 

All the abo\(‘ numbers may take 
th(‘ sulwt.intival form by adding o, 
when they may further use the 
fln.il j and u : nnuo, a unit ; duo, 
a pair ; dvkduo, a dozen ; cento, a 
hundred. Examples : 

Miloj da homo}. Thousands of 
men. M i aretis dekd non da ovoj, 
I bought a dozen eggs. 

It will he seen that in using this 
noun form the preyiosition da is em- 
ployed liefore the comyilcment. 
Nevt r say. Mi havas dudekon 
fMimojn for I have a score of 

4943 
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apples.” but always adopt one of 
the two following forms : Mi hams 
diidek pontojn ; mi havas dvdckon 
da pomoj. 

Ordinal Numbers. These 
are formed by addng a to the 
above cardinal numbers, and the 
resultant words become adjectives. 
Of course, if an ordinal number 
is composed of sev'eral w'ords, 
such ns navdck-kviv the terminal 
a is only affixed to the lost word, 
but the words are then hyphenated. 

Examples : Li vojcujis dvcent 
kvindek ses mejlojn. He travelled 
two hundred and fifty-six miles. 
Li atingis la dncerU-hnndek- 
8psan mejli^onon, He reached the 
two hundred and fifty-sixth 
milestone. 

This form of numeral is always 
employed in expressing dates, tliC 
time of day, and the numbers of 
pages. Examples ; 

La deka donio sur la strcUo, The 
tenth house in the street. Mi 
aJt'nios je la kvara horo, I will 
arriv'c at four o’clock. lA legos 
la jxifion tricent-kvaran. He is 
reading page three hundred and 
four. La ktaran de Majo^ (on) 
the fourth of May. 

Note that there is no conjunc- 
tion in the com])ounded numerals. 

Follow ing the general rule these 
words may be used adverbially, 
and so wo obtain: Unite, firstly; 
tenthly. Examples: 

Unne, U parolis pri morto. 
First of all he spoke about death. 

Oke, vi nc devas .^eli, Eighthly, 
you must not steal. 

The words, once, twice, thrice, 
etc., are formed by adding the word 
fnjr {fojn, time) to tlie cardinals. 
We thus obtain nnnfoje (once), 
dufoje (twice), triloje (thrice), etc. 
The substantive may also be 
used to cxprcs.s these terms, but in 
this event it is generally in the 
accusative case. Examples : 

Tri jojojn mi frapis la pordon. 
Three times I knocked at the 
door. Li h'iis du foptjn, He cried 
twice. 

aer', air dezir', desire 

akr, sharp dolr', sweet 
atend', aw’ait, dorm', sleoji 

wait, expect ekzerc', exercise 
at ing', attain, elekt', choose 

reach erar', error, mis- 

cel', aim, object take 
col', inch fidel', faithful 

eapitr'y chapter fingr'^ finger 


flank', side, kat\ cat 

flank lern'j learn 

flor\ flower lert', skilful 

forges', forget lum', light 

/re, s', fresh lun', moon 

fru', early pel\ drive, chase 

fiU', foot (mca- pied', foot 

sure) tranc, cut 

glau', sword trink', drink 

grav', impor- tromp', deceive 
tant, serious trotuar', side- 
gentil', polite walk 

/icZ', clear, glar-fwr', tower 
ing vetur', journey 

hor', hour (by vehicle) 

intenc', intend viand', meat, 
fun', young flesh 

juveV, jewel vie', row, rank 
kales , carriage viza{j', face 

kajxibl', capable vok', call 
kas', hide (v. L)volum', volume 

Exercise VI. 

At early morning the air is very 
fresh. The .sword is sharp, and 
cuts easily. 1 have two hands and 
ten fingers. Firstly, I desire to tell 
the truth, and, secondly, I want to 
be agreeable. In the field, at 
the right-hand side, stand two old 
trees. To-morrow' we intend to 
journey to London in the carriage. 
A foot has twelve inches. You 
must not forget to learn Exercise 
(i. The child sweetly sleeps under 
the clear light of the moon. He 
read the tenth volume first. The 
young soldier is stupid and clumsy. 
My faithful dog will wait for me, 
and I shall not forget to give him 
some meat. They made a great 
mistake, and hid the beautiful 
jewel. Your young friends are 
very cajiable. My error is not 
very serious, and 1 do not wish to 
deceive you. Thirty-eight and 
twenty-seven make sixty-five. A 
week has sever days. The first 
is Sunday, the fourth Wednesday, 
and lastly comes Saturday. They 
will remain at home (adv.) during 
the day. To-morrow morning 
(adv.) I will await your arrival 
at nine o’clock. The skilful and 
capable boy stands in the first 
rank. His object was to deceive 
tlie king, to drive away the sol- 
diers, and hide himself. 

Key to Exercise 4. 

Hierau mi estis malsana. 
Hociiau mi cstas sana. La birdo 
en la kago estas kanario. Li 
kaptis gin hierau. La cerizoj 
estas maturaj, kaj vi povas 
mangi ilin. La skatolo enhavas 
Continued 


cigaredojn . kaj aliimetojn. Li 
abonas la jumalon kaj la gaze- 
ton. Karasinjoro. Tempo flugas, 
kaj ni devas eliri. Esperanto 
estas facila. Li havas leteron en 
la mano, kaj jumalon sub la 
brako. havas blankan cevalon 
kaj belan hundon, Morgau 'ni 
iros al la teatro. Ni ridos kaj 
estos gajaj. Li estas rica kaj 
pagos al vi. La glora heroo 
alvenos morgau, kaj vi vidos lin. 
La tablo estas alta kaj ronda. 
La leono estas dangera besto. 
Vi trovos la ganton kaj la 
bastonon sur la tablo en la 
gardeno. Mi skribis la leteron, 
kaj li detruis gin. La generalo 
kun la barbo estas dika, kaj 
la malricaj soldatoj estas maldi- 
kaj. Hi estas sagaj, kaj amuzos 
sin. Mi povas audi la efion. 
La kuzo estas malagrabla hodiau. 
La suno estas en la eielo. Mor- 
gan mi acetos la horlogon, kaj 
gi al mi apartenos. La soldatoj 
estas honestaj kaj gajaj. La 
afero estas malfacila. Morgau 
mi decides pri gi, kaj vi povas 
csti certa pri la rczultato. 

Key to Exercise 5. 

Vi estas prava (or pravaj), 
kaj mi estas tute malprava. 
Ni ne devas stari sur la ombro do 
la rego. Vi estos felica, kaj mi 
devas kore gratuli vin. Li estis 
tre kolera kaj volis min bati. 
La knaboj lavis sin en la rivero. 
Vi devas iri al la maldekstradomo. 
Kelkaj stratoj cn la urbo estas 
tre malbelaj. Li diris al mi 
diversajn strangajn dctalojn pri 
la okazo, kaj mi volonte kredis 
al li. La ovoj estas malbonaj, 
kaj vi ne devas mangi ilin. 
Vivi simple estas vivi felicc. Vi 
povas havi la brunajn kovertojn, 
la bluaj ne apartenas al mi. En 
la silentaj kampoj li ofte sidas, 
kaj rigardas la birdojn sur la 
arboj, kaj la gloran sunon sur la 
cielo. Senparole, li kolere el iris. 
Oni ofte vidas strangajn domojn 
en vilagoj. Hi estas ekstremo 
vanaj, kaj sidas aparte de ni. La 
hundo bojas lauto. Gi soifas 
kaj deziras akvon. Kelkaj knaboj 
volis malformi la fenestron. 
La eeteraj nc aprobis la pro- 
ponon, kaj ne volis resti on la 
cambro. Morgau mateno oni 
povos nin trovi ce la hotel o kun 
la aliaj sinjoroj. 












SeleoUtig the Celeured Gletfe. The 

artist now takes the out line and cartoon, and, 
wi^ his original coloured sketch before him, 
proceeds to the all-important and intensely 
mteresting task of selecting the coloured glass in 
which his design is to be interpreted. The kind 
of glass used for this purpose is known as 
antique,” made in sheets about 2 ft, by 1 ft. 4 in, 
and varying from J in. to | in. in thickness, the 
making of which is the result of much chemical 
research and subtle handicraft, and is dealt 
with fully in the article on Glass on page 4930. 
Let us, however, here emphatically deny the 
popular fallacy, for which cathedral vergers are 
chiefly responsible, that the art of making 
coloured antique glass is lost. Never has 
there been such an exquisite gamut of colours 
to select from as we have now, 
and the indescribable beauty of 
variation in the best antique glass 
can only be appreciated when seen 
in the full -sized sheets as they 
come from the maker. 

In the drawing illustrated the 
principal figure is in white and 
gold, with a chaplet of roses 
around the head : the lining of the 
cloak is greenish white, and the 
underdress nearly a pure white. 

The background consists of varied 
tones of rich, deep orange and 
russet. The cherub’s wings are 
crimson, technically known as 
“ ruby,” while the chief colour note 
is confined to the lower kneeling 
figure playing the harp. Here the 
Avings are in exquisite, varied, rich 
peacock blue and green, and the 
di’apery a soft purple madder 
colour. The square blocks in the 
l)order are blue and green alter- 
nately. and the remaining portions 
of the window in varying tones of 
white. 

In order to produce harmony 
of ton(* and colour in a window, 
the white glass should have a blight 
tone of grey-green similar to the 
colour of a soda-water bottle. The 
contrast of pure w’hite glass coming 
sharply against rich colour would 
In' sjxitty and suggestive of holes 
in the window^ w^hich is emphasised 
again by the solid black outlines formed by 
the leads. 

Cutting. The various sheets of glass having 
b(-en carefully selected, the next step is to get it 
cut to the shapes shown by the cut line. This 
ofK'ratJon is a purely mechanical one, but re- 
(juircs a considerable amount of practice and 
skill. Now, if this diagram of the cut line lie 
carx^fully examined it will be seen that none of 
th<‘ .shapes present any great difficulty in cutting, 
('.{tre should be taken to avoid forms like those 
shown in 5, for they would certainly break where 
the dotted lines occur. 

(/Ulting may be done in either of the two 
following ways. The shapes are cut out of 
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1. THE CUT LINE 
X. Plain backgroiHul 


stout oartridge or brown paper ; these are Imd 
upon the glass, and the' diamond [8a] drawn 
around them, making a clean cut on its way. 
The edges of the glass are then easily broken 
away with the fingers, or, if small, with pliers. 

The sec'ond method is the one now generally 
adopted, and for this is used the steel cutting- 
wheel [8b], which can be bought for a few pence, 
and is quite as good if not better ^nan the 
expensive diamond for cutting glass to^y shape 
desii*ed. The sheet of class is laid upon the? out line, 
and the black line ^^ich shows through is care- 
fully followed, freehand, with the wheel. This is 
a simple process with wffiite or light-coloured 
glass, but wffiere the colour ^ too dark to be seen 
through the glass should be breathed upon, 
and a little fine whiting dusted upon it from a 
pounce bag, which is a small piece 
of nuislin or linen containing diy 
whiting tightly tied up. The glass 
is then placed beneath the drawing, 
and the line traced over with a 
finely-pointed stick, or the edge of a 
blunt knife, when the shape will lx‘ 
found marked on the glass, and 
can be easily cut. 

Don’t waste glass unnecessarily 
in the cutting process. Antique 
glass is expensive ; therefore, place 
your pattern carefully on the sheet 
of glass with this object in view', 
keeping any pieces over 2 in. or 3 in. 
square in small wooden boxes, one 
for each colour if possible. 

Painting Colour on the 
Glass. The glass, being all cut 
to shape, is now laid out in its 
proper place on the cut line and 
every piece well cleaned to remove 
greasiness. The next operation is 
to trace with a fine, long-haired 
brush called a tracer [8a ] the outlines 
of the drawing upon the glass, 
using the brown tracing pigment 
alre^y referred to. This pigment 
is in the form of brown powdei. 
and consists of iron oxide and 
manganese ground up with powdered 
flint glass or other silicate, which, 
by the action of the fire when in 
the kiln becomes fused into tlu‘ 
surface of the glass and forms really 
a part of it, whence the indelibility 
and lasting qualities of stained glass. 

Glass-painting colour, as well as suitable 
brushes for tracing, stippling, and other methods 
of painting to be explained, may be obtained 
from the artists’ colourman. 

To prepare the colour, get a slab of thick glass, 

— ground plate is the best — and a muller 
Take a little of the powder tracing colour and 
wnth clean water grind it to a smooth paste, then, 
with the addition of a few drops of ordinary guui. 
or a little sugar ground well up with the mullei’ 
into the colour in order to make it flow freely, 
it is ready for use. A palette knife is necessary 
to keep the colour well mixed together during 
use, and in the centre of the palette or slab for 




convenience in working A wooden rest [ 4 ] should 
be used to raise the hand above the glass, which 
gives greater freedom and prevents the glass from 
becoming greasy from contact with the skin. 

The Tracing Process. The student should 
l^gin by learning to use his tracer freely 
in strokes such as are shown in 6a, and 
then go on to simple forms such an 6 b, 
aiming to get his lines clean 
and true, as far as possible 
vith one stroke of the brush. 

This will entail considerable 
practice, but a good beginning 
is everything, and in course of 
time he will l)e able to under- 
take the outlining on glass of 
such a cartoon as we have illus- 
trated. To do this, the cartoon 
should i>e laid upon the bench, 
and each piece of glass taken 
separately, one at a time, laid 
in its proper position over the 
drawing, and the outlines, 

.\hich will show through, 

•arefully reproduced on the 
glass. Many artists fire in 
these outlines before proceed- 
ing to the shading in colour on 
the glass, and tliQ beginner may 
do so, but as he gets more 
experienced he will find this 
unnecessary, and will get better 
(‘ffects by sometimes losing 
these hard outlines in the sub- 
sequent shading, especially in 
very delicate work, but in this 
case he should use gum in lii^ 
colour and not sugar. 

The tracing process having 
been completed, the cut line is 
]daced face upwards tipon a 
bench and over it is placed a 
sheet of very thick f^heef or 
ordinary plate glass, which is 
called the easel glass. On this 
all the various pieces of glass 
are laid out in their proper 
places as shown by the outline 
underneath ; this is like the 
})utting together of the maj) 
or picture puzzle. Some good 
beeswax is then dissolved to- 
g{dlier with a little resin in a 
small saucepan, and chopped 
while hot and melted with a 
small strip of glass in between 
the pieces of glass at the points 
where they meet each other. 

By this means the whole subject 
in stained glass becomes fixed to 
the easel glass, and it can now 
be safely held up to the light, 
and the first view obtained 
of the colour effect and tracing lines as a whole. 
It may be found necessary at this stage to make 
some alterations, especially in the first essay. 
C^olours may not go wtH together, others be too 
light or too dark, and it is only by long experiaice 


and a natural gift and feeling for colour that quite 
satisfactory results will be obtained. 

Shading, This plate glass with the pieces 
of glass composing the subject or stuck vp 
upon it is now placed on a specially constructed 
easel used by glass-painters in front of a 
window with a good light for the shading 
process. The usual and most successful 
method is to wash in the main 
shadows in water colour with a 
large soft camel-hair brush [8bJ, 
using, of course, the specially 
prepared shading colour for this 
purpose. The edges of the 
shadow's should be softened off, 
and not too much gum used 
in the colour. WTien this has 
been done all over the window , 
and is quite dry, a matt or 
scum of full colour should be 
laid evenly and quickly over 
the w'holc with a larger flat 
camel-hair brush [8rJ, and w'hile 
still w'ct softened and made even 
w'itli a badger-hair softener |8d1, 
and then stippled or dabbed all 
over w ith a stippler [8e], a bi ush 
specially made for this purpose. 
This is a process requirini 
great facility and rapidity ot 
handling, as it must all be "doiK* 
before the colour dries, and 
should be practised upon some 
plain pieces of glass first. By 
this means a granulated and 
transparent effect is produced, 
and if carefully done, the out- 
lines, being traced in gum 
colour, w ill not be disturbed ; 
the shadow’s also, being in softer 
colour, will work up into the 
matt and add to its strength. 

This matt of colour, when 
dry, represents the whole of the 
window' in shadow, and th^* 
process of modelling or shading 
is just the opposite to what the 
student has been in the habit 
of doing in making draw ings in 
chalk at an art school - the 
lights an' taken out of the 
shadows instead of the shadow - 
being added to the lights • in 
(>ther words, we have to w'ork 
from dark to light instead of 
from light to dark. 

Taking out the Lights. 
First of all the broad high 
lights are taken out by re- 
moving the colour boldly and 
sharply with a soft -pointed fttick 
or broad pointed quill ]>en, 
and afterwards the matt is 
gradually brushed aw’ay w'ith the short bog hair 
brushes called scrubs [8rl, copying from tin* full- 
size cartoon and getting the careful shading and 
modelling of the various parts of the sul)j(‘ct 
showui thereon. This part of the w ork requires 

4!47 



the greatest care and artistic feeling, but it is 
impossibijs to explain the process further in an 
article of this nature. Success will only come by 
long practice, or by watching an experienced 
gla^-painter at work. Care should be 
taken to work with a view to the ultimate 
sition and distance of the window when 
if close to the eye, it should be 
more delicate in finish, and if for a high 
clerestory window, broad and telling in 
effect, but in any case care should be 
taken to prevent the shadows from being 
dense and opaque. If they are found too 
heavy after the painting is completed they 
may be reduced and lightened by using a 
very fine needle point in the manner of 
an etching, but this requires judgment 
and delicacy of handling. 

Firing. After the painting is finished 
the easel glass is taken down and again a 
laid flat upon the bench, when a few^ sharp 3. diamond 
taps upon the edges of the glass with the cutters 
handle of the palette knife will loosen the Glazier's dia- losing transparency, which is 

pieces and they may be easily removed, niomi b. steel- of the utmost importance in stained glass, 
care being taken to remove or chip off should be borne in mind as an im- 

all the loose pieces of wax at the edges. views) portant principle from first to last. 



does not take plaoe until the day after it has 
been fired, it is taken out and again stuck up 
with wax, as before, on the easel glass. The 
painter will probably be disappointed with the 
result at first ; he will find that the 
shadows have fired away, and the whole 
subject looks thin and weak. It is better 
so than that the first painting should have 
been too heavy and the shadows coarse 
and opaque. 

The Second Painting. The secorid 

painting is now done, but in a more general 
way than the first, greater attention being 
paid to breadth of effect than to detail ; in 
fact, the whole thing needs pulling together. 
A second stipple, or in some cases a matt 
only, is covered over the parts that need 
strengthening, and instead of u&.ing the 
scrub, a better and softer effect is ob- 
tained by rubbing the colour lightly with 
the finger. Some artists finish the work 
with oil medium to obtain softness, but at 


4 . HAND REST FOR USE 
WHEN TRACING OUTLINES 


The pieces should then be carefully laid in 
shallow wooden trays for removal to the kiln. 

The most convenient form of kiln now in 
use is known as the closed gas kiln [ 9 ]. The 
glass is placed on shallow 
iron plates, which are 
covered with a bed of 
|)owdered whiting or 
plaster of Paris, and sub- 
jected to a gradually 
increasing and intense 
heat, which fuses the 
colour into the surface 
of the glass until it 
liecomes incorporated 
w ith it, and is absolutely 
fiermanent. The actual 
amount of firing neces- 
sary can only lie found 
out by long experience, 
and it is the practice of 
most craftsmen w’ho are 
keen on the success and 
Iiermanence of their 
work to watch the firing 
themselves. The first 
firing especially should 
i)e very thorough, and 
not too quickly done ; 
the pigment fuses and 
unites better w ith a slow 
and gradual heat than 
w'iih a fierce and rapid 
one. It is best to place 
all the pieces of white 
glass and the harder 
colours, such as ruby, 
together, as these stand 
a harder fire, w hile the soft glasses, such as blues 
and greens, fuse at a slightly lower temperature. 

When the glass has l)ecome quite cool in the 
annealing chamber of the kiln, which usually 
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5 . SHAPES TO BE 
AVOIDED IN CUT- 
TING GLASS 
A 



ELEMENTARY 
TRACING 
. simple traoiiig 


7 . SECTIONS OF 
a. Flat outaide lead 
lead 



8 . BRUSHES USED IN PAINTING GLASS 
a. Tracer b. Camel-hair forTwashinjc in ahudowB c. Flat 
for laying: matt all over ulass d. Badger for aoftening 
matt c. Stippler for giving gianulated effect /. Hog-halr 
scnihs for taking out lights 


At this stage, the diaper patterns, which 
give such a rich effect to di*aperies, should be 
traced in outline in a delicate and artistic manner, 
and special attention should be given to the 
finished painting of the 
heads and flesh portions 
of the subject. 

The glass is now fired 
as before, for the second 
time, but not quite so 
heavily, and, provided 
the second painting has 
l>een successful, the only 
thing remaining is to 
apply the silver stain, 
which gives such exqui- 
site yellow and golden 
effects in stained glass. 
EADS The Value of 
Silver Staining. 

asused for varying thicknesses . . . r j x 

of glass c. Beaded lead Staining IS applied to 
the back of the glass, 
and is most useful for 
armour, yellow flowers, 
diaper patterns on drap- 
eries, golden hair (when 
not overdone), and on 
a sensitive- blue glass for 
producing green foliage. 
Tliis stain is made in 
the following way. Into 
a w’ide-mouth bottle put 
tw’o ounces of nitric acid, 
and three ounces of 
boiling w'ater : then 
put into it one ounce 
of pure silver, and stand 
the bottle up to its neck 
in boiling water. The silver will then dissolve, 
and take the form of a nitrate. This must be 
plunged into boiling water and precipitated bj^ 
the Edition of common salt ; the precipitate is 
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again wsushed several times in hot water, 
collected on a piece of absorbent paper, and 
thoroughly dried. One part of the dry precipitate 
18 then mixed with two parts of yellow lake, 
and thoroughly well ground with a muller on 
a slab of glass, mixed with either water or 
turpentine, the former for preference. This is 
now in the form of an opaque yellow mixture, 
which is applied with a soft brush to the back of 
the glass where required, and the glass is after- 
wards fired for a third time, but at a much less 
degree of heat than was necessary for the colour. 

When cool, and held up to the light, it will be 
found that the yellow has become beautifully 
transparent, and is a perfectly permanent stain. 
Tt is well to test small pieces of glass with stain 
in the kiln before applying it to an important 
^icce of work, as some kinds of glass are much 
more sensitive than others to the action of 
the heat in staining. 

Glazing. One other operation remains for 
the glass to undergo, but it is purely a mechanical 
one — that is, the glazing^ or joining the pieces 
ot glass together with the grooved leads, illus- 
trated in 7. The cut line 
is pinned down, face up- 
wards, upon a bench, and 
the pieces of finished glass 
laid out on it in their 
proper places. A broad 
wooden straightedge is 
nailed down along the 
side, leaving space beyond 
the edge of the cut line for 
the wide and flat outside 
lead, which fits into the 
rebate or groom of the 
window. Another straight- 
edge or lath is nailed at 
right angles to this, along 
the bottom of the cut line, 
and working from the 
corner thus formed, each 
piece of glass has the 
pliable grooved lead bent 
around it and is fitted into its placi*. Each of 
these pieces is temporarily held in position by 
nails until the next is fitted, and so on until 
the whole is fiamed together in lead. The 
■joints where the leads meet are then soldered 
with a specially constructed gas soldering iron. 
When this is finished on the one side, the window 
is carefully turned over on the bench and the 
joints at the back are soldered in the same way. 

The window can now be held for final inspec- 
tion, and it will bo seen at once what great value 
is givicn by the black outlines formed by the leads. 

A word of caution is necessary in handling a 
panel of stained gla.ss : it should always be 
carried and lifted edgewise, and not flat. 

Cementing. In order to make the windoAV 
wcathei -tight and rigid, a stiff cement, made of 
wfliiting, plaster of Pans, a little red lead, boiled 
oil and turps, with lampblack to colour it, 
should be well brushed in under the leads with 
a stiff brush, afterwards cleaning away the 
cement remaining on the surface with elean 


plaster or sawdust and another stiff brush, like 
a domestic scrubbing brush. The edges of the 
leads are then picked around clean with a 
|X)inted stick. The window should stand for a 
few^ days to allow this cement to harden, after 
which it will be ready for fixing. 

Where to Study. This is briefly the story 
of the making of a stained-glass w indow’ ; but 
there are many technicalities and methods other 
than those explained, which are Icamt by ex- 
perience, and can scarcely come w’ithin the range 
of a short article. Several of the County Council 
Schools of Art are now making the teaching of 
stained glasswork a special feature, and the 
student is recommended for further information 
to get Mr. W. Whall’s book on “ Stained Glass 
Work,” which is lucid, technical, and the work 
of an enthusiast, and for full information as to 
the history and evolution of the art, Mr. Lew is 
F. Day's book on “ Windows.” 

Much can l>e learnt from the eareful study of 
good w'ork, both old and new, when one is able 
to separate the w^heat from the chatf a.s regaids 
the latter ; the frontispiece to this part is an 
excellent example of the 
art, both for its simplicity 
and dignity of arrangement 
and beauty of colour. 

It serves admirably to 
illustrate the general prin- 
ciples laid down in this 
article ; the simple cutting 
forms should be esjiecially 
noted, and the manner in 
which the leads are boldly 
carried across the drapery 
w’here reiiuired. The figui es 
in pearly white, enriched 
with delicately traced and 
stained diapers are in bold 
relief against the full rich 
blue ot the screen back- 
ground; full colour is judi- 
ciously used, yet the whole 
effect of the A\indow is 
light-giving and brilliant. The small subjects 
below arc masterly in their simplicity of design 
and arrangement. Stain is sparingly used, and 
may be noted in parts of the hair, the crow n of 
David, the diapers on the robes, and in touches 
on the blue background to the figui cs. The bands 
ot lettering are picked out of a deep matt of 
colour. The nimbuses surrounding the heads ot 
the principal figures are in brilliant “ gold pink ” 
glass, left unpainted, the exqui^-ite \ariation in 
colour being produced by the glass-maker. 

Other windows, by Burne-Jones, that w ill lepay 
study are those in 8t. Philip's Church, Birming- 
ham, and Holy Trinity Church, Sloanc Street, 
London. There is little old work to be found in 
London, and most of it is late in charaeter — 
namely, the east window* in St. Margaret's 
Churcii, Westmiastcr, and some A\indow’s in the 
gallery of vSt. George’s Church, Hanovei Square. 

The city of York is a veritable treasure store of 
old stained glass, and much fine work exists at 
Malvern, Tew’kesbury, and Fairford, 


Glass concluded ; folloived by Pottery 



9. OA8 KILN FOR FIRING (.LASS 
0 . Chainbeife in which glass is fired h Annealing 
Lliamber in which glass is cooled c. Gas hmneis 
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By JUSTIN McCarthy 


A NNE was bom at St. James’s Palace on 
February 6th, 1665. ^Vhen James became 
a Catholic his daughters, whose mother had 
lately died, were brought up as members of 
the Church of England. Anne’s relimous 
opinions never underwent any change, l^en 
in her twentieth year she ^vas married to 
Prince George, brother of the King of Denmark, 
who was an idle, good-natured, and utterly 
imintelligent person. 

The Succession, When the great political 
crisis occurred Anne and her husband abandoned 
the cause of King James, and in 1 689 the Crown 
of England was settled on her as successor to 
William III. The question of succession was 
one of great difficulty. As the Commonw^ealth 
system had been entirely overthrown it was 
necessary still to maintain the conditions of 
hereditary rule, while it w^as desirable also to 
shut out the vituart claimant, the Pi*ince of 
Wales, from all chance of governing the State. 

Anne’s succession to the Crown w^as a matter 
of compromise, and the question of a successor 
to her had to be a matter of compromise also, 
for Anne’s many children nearly all died at 
birth, or during infancy. It was at last 
determined that her successor should be 
George, son of the Elector of Hanover and 
Sophia his wife. The Electress of Hanover was, 
by her mother’s side, the grand-daughter of 
.Tames I., but she belonged to a German family 
w'hich was not likely to liave any sympathy with 
the Stuart cause. Thus, by the Act of Settle- 
ment of March li?th, 1701. the way was secured 
for the Hanoverian dynasty in England. 

This was before Anne came to the throne, but 
only a year had passed when, on the death of 
William III., Anne, the last of tlie Stuart dynasty, 
became Queen of England. She took little 
interest in politics, w^as easy-going, and, like 
other Stuart sovereigns, lo\ed to lie under the 
guidance of some favourite. One of her earliest 
favourites was her Lady of the Bedchamber, 
Sarah .Jennings, wife of Ixird Churchill, after- 
wards Duke of Marlborough, who soon obtained 
a complete control over the Queen, which she 
exercised in favour of her husband. 

The Du Re of Marlborough, Marl- 
borough must, under any conditions, have 
made a great name in history, and the time was 
well suited to create a stage for his brilliant 
qualities. He had many defects of character : 
he was selfish, ambitious, unscrupulous; but he 
had also, apart from his genius, qualities which 
won him admiration and affection. He had a 
handsome presence, and manners both winning 
and stately. His chief aim had always been 
to advance his own prospects. He stood by 
James II. as long as it seemed to be for his own 
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interest, but as soon as he saw that the King’s 
cause was hopeless he deserted to William of 
Orange. The Duchess Sarah is conspicuous in 
history because of her influence over Anne, and 
their correspondence is an historical document. 
“If ever you should forsake me,’' the Queen 
wrote on one occasion, “ I should have nothing 
more to do with the world ; for whej’e is a crown 
when the support of it is gone.” However, wiien 
the separation took place Anne foimd a new 
favourite in Abigail Hill. Under her influence a 
Tory Ministry was formed, St. John and her 
cousin Robert Harley being at the head of the 
Governments. 

The words “Whig” and “Tory” had not 
the same meaning then as in more modern 
times. The Tories in Queen Anne’s day were 
generally in favour of Divine right and the 
Stuart d 5 niasty, while the Whigs believed in 
hereditary succession on the principles of the 
Act of Settlement. The Tory Icfiuiers when 
Anne succeeded were Robert Harley and 
Henry St. John. Harley was a man of great 
capacity, w'hile St. John was a man of genius. 
So far "as Anne had any political creed she was 
opposed to that principle of constitutional liberty 
which had secured her own succession. 

Defoe and the State Church. There 
w'cre many religious troubles at the time 
besides the struggle betw^een Catholics and 
Protestants. The Dissenters were increasing, 
and the members of the Established Church 
endeavoured to suppress the right of private 
judgment, and to shut out from office all those 
who deviated from the doctrine or practice of 
the State Church. But the Dissenters were 
becoming more powerful, both in England and 
Scotland, and were setting themselves vigorously 
against the rigid rules of the Church of England. 
Tlie sympathies of the Queen were believed to be 
with those who maintained the supremacy of 
the State Church over all forms of Dissent. 
During this crisis appeared Daniel Defoe’s 
famous pamphlet. Defoe was the son of a 
London butcher, and was educated at a Dis- 
senting school. He took part in Monmouth's 
rebellion, but was fortunate enough to escape. 
He afterwards served in King William’s army, 
and travelled in France and Spain. Ho wrote 
several successful pamphlets, and, being a staunch 
supporter of the cause of the Dissenters, he pub- 
lished in 1702 his famous pamphlet, “ The 
Shortest Way with the Dissenters ” — a forcible 
satire which was taken by most of the public to 
Tie the sincere declaration of the policy of a 
rabid Churchman. 

When the satire was generallj^ recognised as 
such, the High Church party brought the 
pamphlet before the notice of the House, and 
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Defoe was sent to prison, where he published 
the “ Review,” the predecessor of the more 
famous “ Spectator.” Among those who had 
the courage to plead his cause was William 
Penn, the Quaker who founded the State of 
Pennsylvania in America, called after his father. 
Admiral Penn. William Penn was sent down 
from Christchurch, Oxford, when he became a 
Quaker, and had been ‘imprisoned for his re- 
ligious opinions. He was naturally in sympathy 
with Defoe, and exerted himself to obtain his 
release. Defoe was released in 1704 by the 
influence of Harley, who hoped to win him to 
the Tory side. He was again imprisoned in 1711, 
and again released by the exertions of Harley. 
His most famous work, “Robinson Crusoe,” did 
not appear in the-reign of Queen Anne. 

A Time of Wap. Anne naturally of a 
peaceful disposition, but it was her fate to reign 
at a time that will ever be remembered for its 
wars. Europe was then in a most disturbed 
condition. The great ambition of the King of 
France was to make France the mistress of the 
Continent, and to this end he desired to take 
from Spain all that was left of her power, and 
to prevent the States of the Netherlands from 
rising into real influence. Louis XIV. w'ell 
knew that he would have to count on the 
opposition of England. The two States had 
long been enemies, and the policy of Louis 
made that enmity stronger. Germany was still 
in a very unorganised condition ; Austria w^as 
the greatest German State and, though the 
Emperor was still elected to the throne like the 
Princes of Saxony, Bavaria and others, the 
Emperor was as sure of election when his pre- 
decessor died as if the principle of hereditary 
succession had been acknowledged in Austria. 
The Electorate of Brandenburg soon after this 
became the great Kingdon> of Prussia. England 
and Holland joined in an alliance to prevent 
Louis XIV. from adding Spain to his dominions. 
Some of the German Stales joined England and 
Holland, and some took the side of France. The 
Methuen Treaty with Portugal was concluded 
in 1703 by Paul Methuen, the English Ambas- 
sador at Lisbon. It gave an advantage to the 
w ines of Portugal over that of France, and helped 
to secure the alliance of Portugal. 

War of the Spanish Succession. 

France had few allies of importance when the 
war broke out. The Duke of Vendome and the 
Duke of Berwick were among the great soldiers 
who led the armies of France. England was much 
embarrassed at this time by the discontent in 
Scotland caused by the opposition of the Scottish 
Parliament to the Union scheme, and France 
was much troubled by the rebellion in the 
C^evennes Mountains caused by the intolerant 
policy of Louis XIV. A rising took place there 
immediately after war had been proclaimed. 
The Dutch allies of England put their forces 
under the command of Marlborough, who in 
this war proved himself one of the greatest 
commanders of all time. Prince Eugene was 
his most distinguished comrade, and helped him 
in some of his greatest battles. Marlborough 


determined to drive the French into a pitched 
battle, and thus to gain a decisive victory. 

Great Battles. While the French were 
still uncertain of his plans, he suddenly crossfMl 
the Neckar, pushed through Germany towards 
the Danube, which he crossed, and made his 
way to Bavaria, where he joined his forces 
w^ith those led by Prince Eugene. There lu^ 
encountered the French and Bavarian Army, 
under Marshal Tallard, of 60,000 men, the 
English Army numbering 40,000. On the morn- 
ing of August 13th, 1704, was fought the famous 
Battle of Blenheim, where Marlborough w'on a 
complete victory. The loss on the French side 
was enormous, and Tallard was taken pi isoner. 

At the beginning of the Spanish War Lord 
Ormond had been sent to Spain with Sir 
George Rooke to assist Spain against France. 
In 1704 another expedition w^ent out under 
Rooke, who captured Gibraltar for the English, 
to whom it has ever since belonged. 

In 1705 Charles Mordaunt, Earl of Peter- 
borough, one of the most brilliant figures of that 
time, who had begun his career as a naval officer 
but soon entered the Army, captured Barcelona, 
and established the authority of Charles IT. of 
Spain in C^atalonia and Valencia. After his great 
success he quarrelled with the Archduke Charles, 
and left Spain rather than submit to the com- 
mand l)eing divided lietween himself and Galway. 
In 1707 he returned to Spain as a volunteer, but 
was recalled by Sunderland, who was a friend 
of Galway. In 1706 Marlborough won the 
battle of Ramillies, in Flanders, where ho 
encountered the French Army under IMarshal 
Villeroi. The Allies thus gained the whole of 
the Netherlands, and Marlborough then wanted 
to besiege Mons, but the delay of the Dutch in 
forwarding supplies prevented this. In Italy 
Prince Eugene's brilliant relief of the Siege of 
Turin compelled Italy to join the Grand Alliance. 
l..ouis XIV. unsuccessfully tried to make peace, 
and the war continued. The following year was 
less successful for Marlborough. In 176S 
Vendome captured (Thcnt and Bruges, and 
besieged Oudenardc. Marlborough won tlic 
battle of Oudenardc in July, and, being soon 
after joined by Prince Eugene, took Lille 
and recaptured Ghent and Bruges. Berwick 
had in the meantime reinforced the French. On 
September 11th, 1709, Marlborough and Eugene 
encountered Villars at the Battle of Malplaqiiet, 
which w^as almost as disastrous for the Allies, 
who w^on, as for the French, who lost; and the 
following year saw Marlborough's last carnpainn. 

Politics at Home. Wc must now return 
to the events which occurred in England while 
the war of the Spanish Succession was going on. 
In NovcmlKT of 1703 a great storm broke out 
over a large part of Europe. The NavysulTered 
much from the fury of the tempest, and whole 
fleets of merchant vessels were torn from tlicir 
anchorage and cast ashore. The Eddystonc 
Lighthouse of that time was utterly destroyed, 
and with it perished all those within. IMaiiy 
important political events were occuning at 
this time in England. There w’as a growing 
struggle between the House of Lords and th(' 
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House of Commons, which foreshadowed many 
a later dispute as to the relative power of the 
hereditary and the representative system. The 
l^nion between England and Scotland was 
finally established in 1706. William III. had 
deciaJ^ himself strongly in favour of it not 
long before his death, but many difficulties had 
intervened. 

The trading and commercial rivalries between 
the two countries had caused much trouble, 
and the strong attachment among some of the 
Scotch to the Stuart cause made many English- 
men dread a Jacobite rising in the north of 
the country. When Anne succeeded she had 
been advised by her Ministers to appoint a 
Commission to treat with Commissioners from 
Scotland on the subject. The successful ac- 
complishment of the Union was due chiefly 
to Ix>rd Somers. 

The Union of England and Scotland. 

The Scotch proposal that the Union should 
Ih* federal was not accepted, and after much 
discussion the twenty -five Articles of Union were 
drawn up The more important among them 
provided that on May Ist, 1707, England and 
Scotland should be united in one Kingdom ; 
that the succession to the crown should be the 
same in both countries, and that the United 
Kingdom shoi.ld be represented by one Parlia- 
ment. It was further provided that there should 
be complete free trade between the people of the 
“ Island of Great Britain ” ; that weights and 
measures, laws of trade and customs should 
be the same in both countries. In all other 
laws the Scotch insisted on retaining their oum 
systems and the independence of their own 
Church.' The Act was passed, and on March 7th, 
1767, the Qu^n gave her Royal assent to the 
union of the two countries. The first Parliament 
of Great Britain met on October 23rd, 1707. 

Harley had been appointed Secretary of State 
in 1706, and St. John, Secretary for War ; and 
they, as heads of the Tory Government, began 
to fear that Marlborough’s incessant and brilliant 
victories would make him too popular, and, 
consequently, too powerful in England. They 
wished to prove the possibility of winning 
victories without his aid, and, on the suggestion 
of St. John, resolved to send an expi^ition 
against the French in Quebec, and thus distract 
the attention of Ixiuis XIV. by an attack on a 
distant part of his dominions. The attempt 
proven an utter failure. 

The End of the War. *The Government 
now liegan negotiations for peace with Louis, 
Marlborough was urgent to continue the war, 
and Prince Eugene came to Fmgland to try 
to j)ersuade the Government to sanction his 
views. He was unsuccessful, and Marlborough 
was dismissed and Ormond appointed in 
his place. But he had none of Marlborough’s 
genius, and the Alliance and the War of the 
Spanish Succession both came to an end. The 
Conference was opened at Utrecht on January 
26th, 1712, and on April 11th, 1713, the Peace of 
Utrecht was signed, one of the most important 


conditions being that which placed the grandson 
of l40uis XIV. on the Spanish throne, with the 
title of Philip V. Louis was, however, com- 
pelled to promise that he and his successors 
w’ould give no support to the House of Stuart, 
that Prince James Edward should leave France, 
and that the Protestant succession through the 
House of Hanover should be acknowledged 
by Franco. A permanent severance of the crowns 
of France and Spain was also promised; the 
Hudson’s Bay Territories were ceded to England ; 
the Spanish Netherlands were given to the 
Dutch, and Lille given back to France. By 
the “ Assiento,” the grant of slave trade was 
taken from iVance and given to England. 
Queen Anne endeavoured to secure protection 
for the Catalans, but with little succe««8. The 
War of the Spanish Succession had caused the 
sacrifice of many gallant lives, had caused also 
enormous financial loss to the people of England, 
and the struggle had promised no satisfactory 
result to this country. 

Anne’s husband had died in 1708, and the 
Queen, who was much attached to him, refused to 
marry again, though there was no direct heir to 
the throne. In 1709 the famous Dr. Sacheverell 
preached his two sermons, attacking the Whig 
Ministry, and Godolphin in particular, w'hom he 
called “ Volpone.” The Government unwisely 
imi>eached him, and he was tried in Westminster 
Hall, and found, in the first instance, to lie 
guilty ; but the failure of a subsequent motion w*as 
considered equivalent to an acquittal, with the 
immediate result that he became a popular hero. 
He w'as afterwords given a living in Shropshire. 
Sunderland and Godolphin were dismissed, and 
a Tory Government came in imder Harley. 

The Fall of Marlborough. The fall 
of Marlborough — the most impoHsnt event of 
the last years of Aime’s reign — was brought 
about by Harley and St. John when the 
duke returned to England in 1710. He was 
accused of having received £63,000 on the 
contracts for supplying the Army with food, 
and £177,000 on the subsidies for foreign troops. 
3) arl borough defended himself in an eloquent and 
moving speech ; but his enemies triumphed, and 
be was deprived of all his offices on the last day 
of the year. On the death of Godolphin, Marl- 
liorough went abroad. 

St John was, in 1712, created Viscount Boling- 
broke. His intrigues against his rival and 
colleague, Harley, were successful, and on July 
2nd, 1704, Hailey was dismissed from office. 
Bolingbroke had not long gained the undivided 
power he craved when the Queen died. He hesi- 
tated whether he should support the Stuart or 
the Hanoverian cause ; but the Whig dukes 
seized their opportunity, canle into office, and 
proclaimed George the Elector King. 

The reign of Queen Anne, which came to 
an end on August 1st, 1714, was the age of 
Jonathan Swift, of Addison and Steele, of the 
“ Spectator ” and the Tatler,” of Alexander 
Pope, and of many other men whose names give 
a distinctive character to their era. 


Continued 
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By Professor JAMES LONG 


pROM time to time Btandards of excellence have 
* been published describing in minute detail 
the points of the birds of both sexes of all the 
pure breeds of poultry. But it has happened that 
authors differ, and that fashions change. We 
have therefore, while disclaiming any standard 
description, arranged in sufficient detail for the 
purposes of the poultry-keeper the principal 
points of all the important varieties of poultry 
known in this country. The reader will find 
that each description will prove a useful guide, 
whether he desire to verify the name of a breed 
or to ascertain whether one or more specimens 
are eligible for the purposes of exhibition. 


The Breeds of Poultry 


Dorking \ 

SSgK'U-l 

Indian game Yj Came varieties. Sitters. 

Malay I 

Aseel J 

Brahma 'v 

(^ochin > Asiatic varieties. Sitters. 

Langshan J 

Orpington . . English utility. Sitters. 

Spanish 

I Mediterranean laying breeds. Non- 
Anaaiusian . sitters. 

Ancona 
Leghorn j 

Nf' 

Houdan ^ 

il 


'Con-sitters. 


^French varieties. Table and layers. 


( Veve 
Fleche 
Faverolle 
Hresse J 

(^ampine . . Belgian variety. Layers, 

Scotch giey 1 y.^^ieties. Utility. 

Dumpies ) 

Polish 
Sultan 
Silky 
Frizzle 

Bantams (various) 


1. 


Fancy varieties. 


J 


Dorkings. Comb, single or rose, except in 
silver-greys (these single) ; erect in t lie cock, falling 
over in the hen. Face and ears, red. AVattles. red 
and pendent. Beak, dark horn coloured in the dark, 
lighter in the silvers and cuckoos, and white in the 
white variety. Head, large and broad. Eye, rod or 
yellow. Body, massive and square, with dec]), 
broad breast, and straight keel. Back, medium in 
length, broad and straight. W ing‘^, large, and 
closely carried. Neck, well furni'^hed, luediniu in 
length. Tail, large and abundantly furnished with 
broad sickles and coverts. Legs and f<H?t, white, 
and free from feathers ; five toes. Carriagt*, bold and 
brisk, yet massive and grand. 


Plumage. Dabk or Coloured. Cock : Saddle 
and hackle, white or light straw-coloured, some- 
times stri^^ed with black ; shoulders to match ; out- 
side webs of flight feathers, white ; breast, thighs, 
and under parts, glossy black; wing-bar, green-black. 
Hen : Hackle, vmite, striped with black ; breast, 
dull salmon-rod, the feathers tipped with black or 
dark grey ; body, a greyish brown, every feather 
being laced with black, and provided with a white 
shaft. There is, however, no arbitrary standard of 
colour in the Coloured Dorking, f See 8, page 406 1. 1 

Silver-Grey. Cock : Hackle, back, saddle, 
shoulder, and outside webs of secondary flight 
feathers, silvery white ; remainder of the plumage, 
brilliant black. Hen : Hackle, pure silver striy>ed 
with black ; breast, salmon-red, gradually becoming 
dull reddish grey as it approaches the legs ; re- 
mainder of plumage pure grey, s}>rinkled or deli- 
cately traced throughout with dark grey. [See 7, 
pagt 4855.] 

Whites. Snow-white throughout. 

Cuckoos. Cocks : Bluish grey ground, every 
feather marked or uniformly barred with a much 
darker tint of blue-grey. 

Game. Head, long, narrow, snaky. Comb, 
single, usually removed with ears and wattles — 
this is termed dubbing. Beak, curved, strong, horn 
colour in black-reds, dark horn in brown-reds, or 
nearly black ; yellow, in })iles, horn in silver, and 
dark horn in golden duck wings. Eye, keen, red 
in all except the brown-reds, in which it is black. 
Neck, long. Body, short, wedge shape. Breast, wide, 
tapering to the tail. Back, flat. Wings, hard, 
strong, short. Butts and shoulders, prominent. 
Tail, fine, the feathers curved, narrow, close, 
whipped, and carried back. Legs and feet , very long, 
round, straight, and muscular, willow in the black- 
reds and the duckwings, black in the brown-reds, and 
yellow in the piles. Carriage, vigorous, alert, bold, 
and upstanding, showing great length of legs and 
great height to the head. 

Plumage. (Generally crisp, short, and hard. 

Black-breasted Reds. Cock: Hackles and 
wing-bow, orange ; saddle, crimson ; outer edge of 
secondary flights — namely, the exposed webs — 
bay. Remainder of plumage, metallic grccn-black. 
Hen : Hackle, gold, striped black. Breast, salmon, 
merging into the ashy tint of the thighs; remaining 
feathering, brown or partridge colour, delicately 
))cncilled throughout, inner tail feathers being black. 

Brown -breasted Reds. Cock : Hackle, lemon 
strijied with black. Back, saddle, and wing-bow, 
lemon. Shoulders, metallic black at the points, 
lemon behind. Breast, black, each feather edged or 
laced with lemon. Remaimler of plumage, black. 
Hon : Hackle, lemon, the lower portion striped 
with black. Breast to match the coi k. Remainder 
of plumage, olive, or green-black. 

I^LES. Cock : Hackle and saddle, orange ; back, 
wing-bows, and top of saddle, maroon. Exposed 
webs of flight feathers, chestnut. Remainder of 
plumage, white. Hen : Hackle, white and gold. 
Breast, salmon. Remainder of plumage white. 
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Silver Duck wings. Cock. Hackle, back, 
saddle, and wing-bows, silvery white. Bars of wing, 
metallic blue. Remainder of exix)sed plumage, 
rich metallic black. Hen : Hackle, silver-striped 
black. Breast, pale salmon. Thighs, 
ash colour. Ilemainder of plumage, 
light grey, delicatel}" pencilled. Tail, 
black, outside feathers excepted. 

Golden DucKw^NGS. Cock : 

Hackle, light cream. Back, saddle, 
and wing-bows, light orange. Out- 
side web of flight feathers, white. 

Remainder of plumage, metallic black. 

Hen : Hackle, silver, streaked with 
black. Breast, salmon. Thighs, ash 
colour. Remainder of plumage, deli- 
cately pencilled steel - grey. Tail, 
black, outside feathers excepted. 

Among other less knowm varieties 
are the i-ed and the silver wheaten, 
the birchen, the tasselled, the duns, 
the blacks, and the brassy- winged 
game. 

Old English Game. Cock : 

Head, of medium length and breadth. 

Comb, single, rather small {33i. 

Eye, red ; exceptions, in browm-reds, blacks, and 
brassy -w'inged, red or dark ; in spangles, red or 
daw. Face, cars, and wattles, red. Beak, strong, 
matching the legs ; exceptions, in brown -reds, dark 
horn ,* in whites, yellow ; in blacks and brassy- 
winged darker hoitl Body, broad in front, flat 
on the top, straight breast, ta|>ering from breast 
to tail. Wings, longer than in other game fowls, 
lail, long, full, flowing, with abundant broad 
sickles, and hangers. Legs and feet, of medium 
length, set on short, strong thighs, and of any clear 
colour peculiar to game ; exceptions, dark in brown- 
reds, willow or white in piles ; white, wiIlow% blue, 
or olive in silver duckwings ; white or willow in 
white game ; in the spangled variety 
they may l>c mottled. Carriage, proud 
and courageous, the body firm. 

PI (( made . Black - breasted Reds. 

(’ock : Hackle and saddle, orange-red. 

Back, shoulder and wing-bow, darker 
red. Bar of w ing, metallic blue- . 
black, exposed web of flights, bay. 

Remainder of plumage, black. Hon: 

Hackle, golden striped 
black. Breast, salmon. 

Body and w'lngs, partridge - 
brow'n. Tail, black, shaded 
with the same browm 
colour. 

Brown -Reds. Cock : 

Hackle and saddle, orange- 
red, striped with black. 

Shoulders and back, red. 

Breast, brown, black shad- 
ing. Wing, black or dark 
brown. Tail, black. Hen : 

Hackle, black, striped 
gold. Tail, black. Rest 
of body, black, or dark 
brown mottled. 

Piles. Cock : H ackle 
and saddle, orange or 
bright chestnut red. 

Shoulders and back, darker 
red. Bar of wing, white. Exposed web of flights 
bay. Breast, belly, and tail, white. Hen : Hackle, 
brighl chestnut. Breast, darker chestnut. Thigh.s, 
lighter chestnut. Remainder of plumage, white. 
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White and Black. Pure white and meUilIib 
black throughout. Brassy- winged game, resembling 
black, but marked with bright orange on shoulders. 

Silver Duckwings. Cock: Hackle, shoulders, 
saddle, back, and wing-bow, clear, silvery white. 
Bar of wing, blue-black. Breast, thighs, and tail, 
black. Exposed web of flight feathers, white. 
Hen : HaeWe, silver white with black stripes. 

Breast, fawn. Tail, grey black. 
Back and wings, dark grey. 

Indian Game. Cock: Head, 
broad, lengthy, heavy over the eyes. 
Comb, ]iea. Face, wattles, and ears, 
red. Eye, varying with the plumage, 
light yellow' to red. Beak, varying 
from yellow to horn. Bo^, broad- 
breasted, narrow behind. Shoulders, 
prominent, deep, thick. Wings, short 
and closely carried. Tail, close, of 
moderate length, metallic black. 
Legs and feet, orange or yellow, 
thick, powerful, medium in length. 
Carriage, bold, erect. Back, sloping 
towards tail which droops. [See 6, 
page 4062.] 

Plumage. Hard. Cock : Hackle, 
saddle, hhoiilders and back, metallic black, some- 
times mixed with chestnut. Bow of wing, black, 
mixed with chestnut. Wing-bar, green-black. 
Exposed w^eb of. flights, chestnut. Remainder of 
plumage, black. Hen : Black, partly striyied with 
chestnut. Exposed web of flights, chestnut, slightly 
laced w’ith green- black. Remainder of plumage, 
chestnut, with green- black lacing or edging, less 
definite on thighs and under parts, more definite on 
uyifier parts of body, esjiecially the bars of the 
w'ing [20J. 

Malays. Comb, warly; has been described as 
resembling a half-walnut, red [26]. Eye, yellow or 
|iearl. Beak, yellow or horn coloured. Face, 
wattles, and ears, red. Body, very broad in 
front, narrow behind, deep, full. Back, sloping 
downwards, the tail falling still lower at a wide 
obtuse angle. Carriage, gaunt; extremely tall, 
head being carried high; expression cruel. Large 
size. Legs and feet, very long, 
yellow. 

Plumage. Cock: Feathers very 
short and hard. Hackle and back, 
dark red. Breast, under- feather- 
ing, and tail, rich black, 
the tail rather short. 

W^ing-bar, metallic green- 
>) 1 a c k . Hen : Dark. 

Whites, pure snow- 

white. Pile, or Pied, 
closely resembling the y)ilo 
game |21J. 

Aseel. Comb, J)ea 
shape, or triple, small. 
Eye, yellow or y>earl, pink 
or white. Ears, small. 
Face and throat, red. 
No w^a tiles. Body, short 
and wide, broad in front, 
narrow behind, hard. 
Legs and feet, stout and 
muscular, and, like body, 
lightly feathered, match- 
ing back in colour. Car- 
riage, erect and angular, very hard and heavy. 

Plumage. Close, tight, and hard. No fixed 
colouring, but there are Blacks, Reds, Whites, 
and Red and Black Spangles. 
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Brahmas. Comb, triple or pea [11, page 4857J. 
Face and ears, red. Wattles, full, rounded, red. 
Eye, red or pearl. Beak, dark yellowish horn, or 
yellow and black, short and strong ; yellow in the 
light variety. Head, rather small and promi- 
nent over the eyes. Back, broad and short, 
the saddle gracefully rising to the tail. Breast, 
broad and prominent. Wings, medium. Tail, 
short, the feathering broad, and the coverts 
abundant. Lege and feet, orange or dusky 
yellow, heavily feathered 
to the ends of the three 
outside toes. Carriage, 
dignified and erect. 

Phcmcigc. Dark Brah- 
mas. Cock: Head, hackle, 
saddle, back, shoulder, 
and outside web of flight 
feathers silvery white ; 
hackle, striped with clear, 
dense « black doum the i 

centre of each feather ; 
saddle, the end of each 
feather densely striped 
with black, or the strij^es 
may extend through the 
whole of the feather ; 
wing- bar, lustrous green- 22 . BLUE- laced 

black ; tail, the curved 

feathers edged with white. Hen ; Head and hackle, 
silvery white, the latter striped with dense bkick ; 
tail black, the principal feathers edged with silver- 
grey ; remainder of the plumage, pure silver-grey, 
eaeh feather clearly marked with crescent pencil- 
lings of dark g^ey or grey- black. 

Lioht Brahmas. Silvery white, soft and abun- 
dant ; the hackles sharply and densely strijjed 
with rich black ; saddle of the cock slightly striped 
at the end of each feather. Tail, short: feathers 
broad and a lustrous green-black; the sickles laced 
with white; covert feathers of hen, laced witli white. 

Cochins. Comb, single, straight, and rather 
small. Face, cars and wattles, red. Eye, orange 
or pearl ; in cuckoos, red : in blacks, red. 

Beak, yellow, shaded in partridges and 
fiickoos. Body, very deep, broad, and 
rounded. Back, short, gently rising to 
the tail. Wings, small and tight. N^eck, 
short and heavily feathered. Tail, small, 
without sickle 
feathers; well sup- 
]>lied with coverts. 

Ijcgs and feet^ 
short, abundantly 1 
feathered to the 
end of the middle 
foes, and yellow ; 
dusky in the part- 
ridge variety. 

( Virriage, massive, 
stately. The hens, 
gentle in appear- 
ance. 

Plvrnage. Buffs; 

Soft and mellow 
lemon buff, varying 
jn shade in different 
birds, but uniform 
in eaeh sy)ecimen. 

The ]X)inted, glossy 

feathers of the eoet, brighter and richer. The entire 
absence of black, white, and other colours than buff. 

Whites: Pflre silvery white. [See 9 , ]wige 48.)(>.J 

Blacks : Brilliant metallic black throughout. 
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Partridge. Cock : Metallic black throughout 
except hackle and saddle, which are orange-red 
striiid clearly with black; back and shoulder, deep 
rich red ; outside webs of the flight feathers, bay. 

Hen : Hackle, gold, striped to the end of each 
feather with black ; rest of the plumage, 
rich brown, every feather marked with 
crescent-like pencilling of a much darker 
brown ; legs and feet, dusky yellow ; 
beak, horn or yellow. 

Cuckoos. Ground 
colour, a light grey slate, 
Every feather marked 
across with broad bars or 
j)encillings of dark slate. 

Lai^shans. Cock : 
Comb, single. Eye, dark. 
E.>r, i^endent, red. Fai e, 
red. Body, large and 
broad. Breast, deep. 

Back, long and welbfui- 
nished. Wings, rather 

large. Neck, full. Tail, 
full and abundantly fur- 
nished, carrying a pair of 
sickles. Carriage, tall, 

upright, and alert. Hen : 
Body, gracefully rounded, 
carried well off the 
ground ; absence of cushion. Tail, full. Other 
points as in the cook. Beak, in blacks, very dark 
horn ; in whites, white ; in blues, horn colour. Leg's 
and feet, in blocks, dark grey ; m whites, light grey. 
Toe-nails, white. [See 19 , i)age 4859. j 
Plumage. Blacks. Brilliant metallic black. 
Whites. Glossy silver-white. 

Blues. Pointed male feather^ of the cock, 
deep, rich, glossy slate; other plumage, slaty 
blue ; the feathers definitely laced with dark 
slate to match the darker jilumage. 

Plymouth Rocks. Comb, single. Face, ears, 
and wattles, red. Eye, brown. Beak, yellow. Body, 
large and squarely built, with breadth and depth of 
breast. Tail, short, the curved 
feathers slightly more dcveloyied 
than in the Cochin. Legs and feet, 
yellow. Carriage, 
upright, proud. 

Plumage. Or- 
dinary steel -L^rey 
ground, every 
feather crossed 
with definite slaty 
black bars. This 
marking should 
cover the entire 
plumage. [See 12, 
page 4N57.] 
Buffs. Kicli 
buff of any shade, 
uniform through- 
out, more brilliant 
m the male feathers 
the cook. 

Whites. Pure 
Nilver-white. 

Wyandottes. 
Comb, rose rsoi. 
Face, ears, and 
wattles, red. Eye. 
bay. Body, inediimi and >^cll rouiuled, with full 
breast and short beak. Wings, medium. Tail, full 
and spread. Sickles, of medium si/e. Beak, horn, 
with yellowish tinge, with these exceptions — yellow 
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in whites and buffs, yellowish horn in buff laced, 
l^gs and feet, yellow. Carriage, neat and sym- 
niotrical. The hen corresponding in all but maJe 
fK>int8. [See 18 , page 4857. J 

Plumage, Goldens. Cock : Golden bay, the 
centre feathers striped with black on the neck and 
saddle. The remaining plumage and the plumage 
of the hen, laced or edged as clearly as possible 
with lustrous black ; tail, metallic black ; the 
thighs and under-feathering, dark slate, imijerfectly 
marked with golden bay. 

Silvers. Closely resembling the golden variety — 
substituting silver for bay ground colour. 

Whiter. Silvery white throughout. 

Buffs. Piu-e lemon or soft mellow buff of one 
tint throughout, the pointed or male feathers 
of the cock the most brilliant. 

Buff Laced. Similar to the buffs, but each 
feather laced with white, except in the pointed male 
feathers of the cock on the neck and saddles, which 
are -buff, strified in the centre with w'hite. The 
back, shoulders, and the bow of the wing, pure 
buff. Tail, white ; under-colour, white. [See 4 , 
)>age 4662.] 

Partridges. Cwk : Neck and saddle, orange, 
with a black centre stripe. Back and wings, red. 
Wing-bar, breast, and tail, black. Hen: Neck as 
m the cock. Tail, black, slightly pencilled at the 
ends of the feathers. Body plumage and wings, an 
even lightish blue; the feathers delicately pencilled 
with darker blue 

Orpingtons. C'omb, single or rose. Face, ears, 
and wattles, red : red or brown in the buffs. Kye, 
black. Beak, black, but white or light horn colour in 
the buffs. Legs and feet, rather short and black. 
Body, full and dec]), with broad chest and short 
back. Wings, closel}" carried. Tail, of medium size, 
well furnished. Garriage, bold and compact. [See 
14 , }mge 4858. j 

Plumage. Blacks. Metallic black throughout. 

Buffs. Rich buff of any tint, always uniform; 
the male feathers of the cock more brilliant. 

Spanish. Black. Gock: Comb, large, erect, 
fine texture, the serrations clean-cut and uniform 
[ 28 ]. Hen : Fine, falling over. Face, very large, 
pure white, kid-like, reaching well over the eye and 
iH’hmd the ear, free from folds and large wrinkles. 
Ear, pure white, smooth, largely develo|)ed, deep and 
broad. Beak, dark horn. Wattles, long, red. Tail, 
large, full, flowing, nearly erect, l^egs and feet, 
almost black. Carriage, upright, showy. 

Plumage. Brilliant, glossy green-black. 

Minorcas. Comb, single, large. Face and 
wattles, red, the former long. Ear, almond-shape, 
white, smooth. Eye, dark in the blacks ; red in the 
whites. Beak, dark horn; white in the white 
variety. Neck, arched and full. Body, broad, 
square, compact, large as possible. Back, broad 
and long. Wings, medium and rather close fitting. 
Breast, full, rounded. Tail, full, with long, broad 
sickles. Legs and* feet, medium black or dark 
slate. Carriage, upright, graceful, alert. The comb 
of the hen falls over to one side. • 

Plumage, (-lossy metallic black or pure silver- 
white. (See Itt, page 4858.] 

Andalusians. Comb, large, single, red; in 
the hen large, falling over to one side. Face, red. 
Wattles, red, long. Ear, rather large, oval, white, 
smooth. Eye, red or orange. Legs and feet, clean, 
dark slaty black. Body and carriage resemble the 
Mmorca, but slightly less comjiact; tail, full, flowing. 

Plumagf’. Bright slate, every feather laced with 
dark slate or black, except the hackle, saddle, back, 
and other male plumage of the cock, which arc 
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very dark, glossy, velvety looking, slaty black. 
Tail, slaty black [22]. 

Anconas. Comb, single, erect, medium size, 
falling over in the hen. Face and wattles red ; 
beak, yellow with dark shading. Legs and feet, 
vellow, mottled black. Body, compact, deep, 
Iwoad. Tail, large, flowing, the feathers broad. 
CaiTiage, brisk and active. 

Plumage. Brilliant green-black, mottled white, 
the white chiefly at the ends of the feather. 

Lreghorns. Comb, large, single, erect in the 
cock [29], falling over in the hen. Face and 
wattles, red. Ear, white, large, smooth, cream 
colour admitted. Eye, red. Beak, yellow in the 
whites and buffs ; yellow' or horn in other varieties. 
Body, wide in front, becoming narrow behind. 
Breast, rather prominent. Tail, full, gracefully 
carried, curved feathers, rather broad. Jjegs and feel , 
yellow or orange. Carriage, graceful, alert, dignified. 

Plumage. Whiter. Silver-white throughout [28]. 

Browns. Cock : Neck hackle, orange-red, the 
feathers striped with black ; breast and under-part 
of plumage, black : remainder of jDlumage, deep red, 
resembling the black- breasted red game, but less 
brilliant in colour ; tail, black. Hen : Hackle, golden, 
striped black; breast, salmon ; thighs, ashy; tail, 
black, in part brown pencilled; rest of ])lumagc, 
brown, finely pencilled W’ith darker shade, [See 1, 
page 4660. ] 

Cuckoo. CJ round colour, bluish grey, the bars 
across each feather dark greyish blue. 

Pile. Neck hackle, orange ; saddle, maroon ; 
shoulders and wing-bow', dark red. Breast, thighs, 
wing- bar, and tail, w’hite. Hen : Neck hackle, 
white and gold, as in the Pile game. Breast, 
salmon ; body, white. 

Golden BIjckwing. Cock : Neck hackle, straw 
colour ; saddle, gold ; back, deeper gold ; shoulder, 
bright gold; coverts of the wing or bar, metallio 
blue-black ; breast, nnder-])arts and tail, black. 
Hen : Hackle, white, striped w'ith black or very 
dark grey; breast, salmon : tail, grey; remainder 
of plumage, a dark greyish black pencilling on a 
lighter grey ground. 

Silver Duckwing. Cock: Hackle and saddle, 
shoulders and wing, covert excepted, silver; wing, 
coverts or bar, blue-black : thighs, under-fluff, and 
tail, black. Hen : Hackle, silver, strijied with 
black or very dark erey ; breast and under-fluff, 
light salmon, shading off to grey ; saddle and 
w'lngs, a silvery grey yiencilled with black or dark 
grey ; tail, darker grey than the body. 

Hamburghs. Comb, double or rose, rather 
small in the pencilled varieties, the spike long. 
[See 10 , page 4857. 1 Face and wattle^-, brilliant 
red. Ear, white, smooth, round, the size of a 
shilling in the cock, and of a sixpence in the hen, 
except in the blacks, where it may reach the size 
of a florin. Eye, red in the |H.'ncilled and gold- 
spangled and black ; dark hazel in the silver- 
syiangled. Beak, horn in the jiencilled and 
spangled ; black or dark horn in the black 
variety ; yellow or horn in the white and buff. 
Body, rather small and rounded. Hackles, full. Tail, 
long, the feathers broad, carried at right angles 
to tne back, the side sickles or “ hangers” abundant. 
Legs and feet, blue in all but the blacks, in which 
this colour is darker. Carriage, alert and jaunty. 

Plumage. Silver -PEN riLLED. Brilliant silver- 
white ground. Cock : White throughout the ex- 
posed plumage, except the tail, which is metallic 
black, the sickles and secondaries or hangers 
delicately laced or edged with white. Hen : White 
neck hackle, the remainder of yilumage marked with 
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green>black and almost mathematical bars across 
each feather from the throat to the tip of the tail. 

Golden - PENCILLED. Cock: Brilliant bright 
golden bay throughout, except the tail and hangers, 
which are metallic black, faced with golden bay. 
Hen : Golden bay ground throughout, the whole 
plumage, tho neck hackle excepted, being pencilled 
or barred across every feather. [See 2, jmge 4661.] 
Silver-spangled. Cock : Silver-white ground, 
every feather tipped with a bold green-black moon 
or spangle. Exceptions : The hackle, shoulder, and 
saddle of the cock are tipped with diamond 
spangles ; the hackle of the hen is striped, the tail 
is white, with spangles at the end of each feather. 
[See 8 , page 4856.] 

Golden - spangled. Cock : Rich golden bay, 
marked as in the sil ver -spangled ; the hackle of 
the cock, however, is well and clearly strij)ed ; the 
tail is green-black throughout. 

Blacks. Metallic black throughout, the sheen 
especially brilliant. |See 17, page 4859.] 

Whites. Silvery white throughout. 

Buffs. Buff of 


any rich, even shade 
throughout the plu- 
mage. 

Redcaps. Comb, 
large, rose - shaped ; 
spike,Jong [81J. Eye, 
red. Beak, horn. Face, 

M'attles, and ears, red. 

Body, full, neatly 
rounded, broad. I'ail, 
carried well up, curved 
feathers broad and 
long. Legs and feet, 
slate. Carriage, alert, 
graceful, jaunty. 

Plumage, Cock: 

Hackle and saddle, 
red with r.- black stripe 
in the centre. Wing- 
bar, black ; breast and 
under - fluff, black ; 
tail, and all curved 
feathers, black. Hen: 

Rich brown -red, every 
feather well and uni- 
formly spangled with 
a well-defined black 
half-moon. 

Houdans. Comb, 
leaf-sha]ie, the outer 
edges somewhat ser- 
rated, and to some 
extent antler-like [36]. 

Face and wattles, red. 

Ear, quite small, white 
or white and pink. 

Eye, red. Beak, light horn. Oest, large as ])OHMble, 
compact, globular. Beard, large, bell-like, and 
extending to the whiskers at the sides of the face. 
Body, broad, deep, of medium length. Xeck ha(‘kle, 
full. Tail, long, full, the sickles and hangers broad 
and flowing. Legs and feet, slate or black and 
white, mottled. Carriage, alert. 

Plumage. Mottled tlu'oughout, brilliant metallic 
black and white, evenly distributed, slightly darker 
in young birds : usually whiter after the first moult. 
Tho dark mottling ]>referred. 

Crevecoeura. Comb, two-horned, cledn, finely 
pointed and right-angled [84]. Face, ear, and 
wattles, red. Eye, red or black. Beak, dark horn. 
Crest, large, globular. Beard, full and well formed. 


Legs and feet, black or deep slate. Body, large, 
square, deep, and rather long. Tail, large,* flowing 
in the cock, the feathers broad. Carriage, the cook 
brisk, bold, and active; the hen, sedate. 

Plumage. Brilliant metallic black throughout. 

La Fleche. Comb, two-horned (V-shaped), 
clean, round, symmetrical [16, page 4858]. Face 
and wattles, red. Beak, dark horn. Ear, large, 
rounded, white. Legs and feet, black or dark slate. 
Body, large, square, long, and thick. Tail, large and 
flowing, the curved feathers broad. Carriage, brisk 
and active. [See 18, page 4859.] 

Plumage. Full, rich metallic black. 

Faverolles. Comb, single, erect, even, 
serrated, medium size. Face, ear, and wattles, red. 
Eye, hazel or grey. Beak, horn or white. Beard 
and whiskers, black, with a little white [27]. 
Legs and feet, white, five- toed. Body, thick and 
characteristic of the table fou 1. Tail, rather short, 
neatly curved. 

Plumage. Cock : H«ickles and wing-bow's, straw- 
coloured ; breast and wing- bar, black; beak and 
shoulders, black and 



THE VARIOUS FORMS OF COMB, CREST, AND BEARD 
24. Clip conil'i (a fault) 25. Malay or warty comb 26. Wliite crest 
27. Beard and ^\hiskel•s 28. Single oomb, white faced - jIic 29. 0\al 
ears 30. Cnr^ed rose comb 31. Kose comb 32. D<)u)»le sjuke to 
rose comb (a fault) 33. Single eoinb 34. Crest, beard, wbiskeis, 
aiiddionied comb 36. Leaf comb, crest, beard, and nhi'skeis 


white mixed with 
brown; tail and 
thighs, black. Hen : 
Whiskers and beard, a 
straw white; hackles, 
ri(‘h brown, striped 
wdth darker brown; 
back and wings, 
brown, the shade vary- 
ing : tail to match ; 
remainder of the 
plumage, cream. 

Bresse. Comb, 
single, large, upright, 
falling over in the hen. 
Face and wattles, red. 
Ears, white. Beak, 
horn. Legs and feet, 
light slate. Body, 
m e d i 11 ni , rounded. 
Tail, flowing ; feathers, 
broad, medium length. 

Plu7t\agc. Three 
sub-varieties, metallic 
black, white, and gi’ey. 
J n the grey Bresse the 
colour of the back is 
bluish and the feathers 
])eneilled; the variety, 
liowever, is not yet 
bred to a sttmdard. 

There are other 
Freiieh varieties, tho 
Barbezieiix, tho Mans, 
and the Courtes 
Paftes, which, among 
others, we descnlx'd .i quarter of a eentury ago after 
the great Paris Exhibition . but the French are 
very slow^ m breeding to any standard, and these 
so-eallcd varieties are still much as they were. 

Campines. Comb, single, erect, falling over in 
the hen. Eye, nearly black. Face and wattles, red. 
Ears, almond-Nba)X‘d. (^arringe, erect, alert, graceful. 

Plumage. Hackle, white. Saddle of cock, white, 
with somewhat mdetinite pencilling. Tail, black, 
the eur\ed feathers mackerel- marked on each edge ; 
remainder of ]>lumage pencilled, as in the Silver- 
pencilled Hamburirh. The size and character of 
marking in course of transition. 

Golden Campines. Resemble the whites or 
silvers, except that the ground colour is golden bay. 
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Scotch Greys. Comb, single, straight, me- 
dium size. Face, ear and wattles, red. Eye, 
red. Beak, white or white streaked with black. 
Leg* and feet, white, or with a little black. Body, 
broad, deep, and substantial. Tail, flowing, medium 
length, the feathers broad. Carriage, graceflfl, erect. 

Plumage. Bluish grey ground, every feather 
evenly crossed with dark greyish blue bars. 

Scotch Dumpies. Comb, single, upright, 
medium size in cock. Eye, red. Beak matches 
the legs. Face, wattles and ears, red. Body, 
broad, very deep — this point is marked — square. 
Carriage, heavy, owing to the depth of body and 
shortness of legs. Tail, full, long, sickles flowing. 
l.,egs and feet very short, white in darks and sih’crs; 
black or slate in blacks ; mottled in cuckoos. 

Plumage. Black, cuckoo, or resembling the Dark 
and Silver-grey Dorkings. 

Polish Varieties. Cock : Crest, very large 
globular, and compact. Comb, two tiny horns, but 
unnecessary. Face and wattles, red. Ears, white, 
tinged blue ; exception, in white and white-crested 
blues and white-crested blacks, ear lobes white. 
Eye, red. Beak, horn or dark blue ; exception, 
in whites and white-crested blacks and nlues, 
dark blue. Body, rather deep, long. Breast, 
well rounded, and wings large. Tail, rather full and 
open. Legs and feet, medium length, fine, clean, 
dark blue, approaching black in the white-crested 
varieties. Carriage, proud, erect. 

Plumage. Sn.vER-jL.\CEi). Cock : Crest, white, 
^\Hh black at the roots "and ti]) : beard, laced ; body 
plumage, silver; hackle feathers, tipped or spangled 
black ; back and saddle, laced or spangled at tips of 
feathers ; shoulders and wings, and rest of body, 
every feather clearly laced with black, the lacing 
rather broad. Hen : CVest, silver, black-odged 
throughout (26]; beard, laced or mottled; rest of 
plumage, silver, every feather black -laced. 

Golden -LAC'ED. Plumage re.sembling the silvers 
e.vcept that the ground colour is golden bay. 

Chamois or Burr Polish. Cock : Crest, buff, 
white at roots and white-tipped ; beard, buff, 
mottled or laced white ; hackle, buff tipfK*d with 
white; remainder of plumage, buff, except that 
the bars of wings and exposed web of flights, tail 
sickles and hangers are laced with white. Hen ; 
Buff, white-edged ; beard, resembling that of cock; 
hackle and re.st of plumage, buff, w^hite-edged. 

White-crested Blacks. Crest, white, like a 
snowball ; remainder of plumage, metallic black. 

White-crested Blues. Crest, large and white ; 
rest of plumage, dark blue. [Sec 6, page 4855. J 

White Polish. Snow'-white throughout. 

Sultans. Ckmib, two very small s]>ikes 
buried in the crest. Crest, large, round, compact. 
Beard and w'hiskers full. Eye, red. Baf'k, white 
or light blue. Cbmb, face, ears, and wattles, red. 
Body, deep. Breast, prominent. Beak,, short. 
Tail, broad, well carried, long, ffow'ing. Legs 
and feet, light blue, five-toed ; the feathers of the 
thighs, vulture-like. Carriage, compact, Polish-like. 

Plumage. Abundant, snow'-white. 

Silkies. Comb, wart-like, purfile. Eye, black. 
Beak, slaty. Face and wattles, dark purple. 
Ears, light blue ; skin, violet. Body, full, short, 
ladier broad. Legs short; feet, five-toed, lead 
colour. Carriage, quaint, and yet graceful. 

Plumage. White, soft, silk-like, fluffy. 

Frixzled Fowls. Comb, rose-shaped. Body, 
quaint in appearance and small in size. 

Plumage. Black, white or brown, every feather 
being curled, the tail excepted. 


Old English and Modern Bantams. 

Game. Points in all resj^ects as in the large breeds. 
Exceptions in modern game : cockerels, not to exceed 

20 oz., cocks, 24 oz., pullets, 18 oz. Old English 
game : outside weight of cocks, 22 oz., hens, 20 oz. 

Blacks. Comb, rose. Face and w^attles, red. 
Ear, perfectly round, smooth, white, the size of 
a sixpence ns a minimum. Breast, broad, very 
prominent. Wings, slightly drooping. Tail, full; 
feathers broad, carried back. Legs and feet, rather 
short, black. 

Plumage. Metallic green-black. Weight, maxi- 
mum, 10 oz. Hen : smaller in proportion in size 
in comb and ear. 

Whites. Beak, white. Eye, red. Legs, white. 

Plumage. "White throughout. In all other points 
resembling the blacks. 

Sebrights. Silver-laced. Comb, rose. 
Beak, horn or dark blue. Eye, black, or nearly 
black. Face, wattles, and comb, dull red or 
purple. Ears to match. J.*egs and feet, blue- 
slate. Body, prominent and bold in breast, short 
back, wings drooping. Tail, square, s[)read. 
Carriage, short and strutting. Weight of cock, 

21 to 22 oz. ; of hen, 18 oz. 

Plumage. Silver - white ground throughout, 
every feather sharply and distinctly edged or laced 
with metallic green-black. The cock’s plumage 
resembles that of the hen, without male feathers. 

(tIold. Beak, dark horn. 

Plumage. Ground colour, golden bay. In other 
respects resembling the silvers. 

PeKin Bantams. Pekin Bantu ms are tiny 
birds and closely resemble the Cochin China. Comb, 
small, single. Eye, red or orange tending to be 
golden in the buffs and blacks, red in the cocks. 
Beak, yellow. Dark shading in the partridge, black 
with yellow edges in the blacks. Face, w'attlcs, and 
ears," red. Body, deep, short, and thick. Breast, 
full. Back, short, rising at the saddle into the short, 
full tail. Legs and feet, short, heavily feathered to 
the end of the middle and outer toes, yellow. 
Carriage, resembling that of the Cochin. Weight, 
30 to 33 oz. ; hens, 27 oz. to 28 oz. 

Plumage Buff Pekins. Rich, even, lemon, or 
orange-buff. The Partridge resembles the Partridge 
Cochins as closely as ]iossible. 

White. Snow-wdiite. 

Black. Rich, glossy black. 

Cuckoos. Resemble the Cuckoo Cochins. 

Booted Bantams. Comb, single. Face, 
ears, and wattles, red. Eye, red ; in the blacks, dark 
red or brown. Beak, white ; in the darks, black or 
dark horn. Body, compact. Breast, jirominent. 
Feathering, long. Tail, large, abundant, almost 
upright. I^egs and feet, white ; in the blacks, 
black. Carriage, strutting. Weight of cocks, 23 oz. 
to 25 oz. ; hens, 18 oz. 20 oz. 

Plumage. White in the white and whiskered 
varieties, black in the blacks. Heavily feathered to 
the tips of middle, and outside toes. 

Other Varieties of Bantams. The 
Frizzled, Andalusian, Asccl, Indian Game, Malay, 
Polish, Spanish, Minorca, Leghorn, Hamburgh, 
Sultan, Scotch Grey, and Brahma Bantams, closely 
follow the varieties of wdiich they are diminutive 
imitations. The Japanese bantams are very short 
in body and leg. They have dropping wings, and 
are bred in several colours. There arc whites, blacks, 
greys, and buffs. The curved tail feathers in the 
whites are black, sharply laced with white around 
edges. Comb, single and large. Beak, yellow. Face, 
wattles, and ears, red. Legs and feet, yellow. 


CoTUinued 
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By Dr. A, J. HERBERTSON, M.A., and F. D. HERBERTSON, B.A 


DOOT crops play a great part in temperate 
“ agriculture. The most important are the 
potato, a staple food in temperate lands, turnips 
and mangels for stock, and the sugar-beet. 

Potatoes, Turnips and Mangels. 
The potato, a native of South America, is 
now cultivated from the tropics to the Arctic 
Circle. Its cultivation became important in 
Ireland by the end of the seventeenth century. 
Thence it spread, to Lancashire, and had become 
general in the British Isles by the middle of the 
eighteenth century. It became popular in 
France, Germany, and other parts of Europe 
by the end of the eighteenth century. 

The potato crop is very liable to disease ; 
too exclusive reliance on it may mean famine, 
as in Ireland in the middle of last centuiy. 
The production per head is greatest in Ireland 
and Germany. In North Germany the potato 
is the chief food of the working classes, but 
a large proportion of the crop is used for 
distilling a cheap spirit. Starch is largely 
manufactured from potatoes. 

Many varieties of jiotatoes are cultivated. 
New ones are constantly introduced, and, like the 
famous Northern Star a few years ago, may for 
a time command fabulous prices. Except in 
such '’ases, the potato is too bulky to pay for 
long transit, and the trade is chiefly betAveen 
neighbouring countries. Early potatoes, uhich 
fetch big prices, are imported from Malta, 
France, and the Channel Islands especially. 
They are grown for the American market in 
the Bermudas [See Agriculture, page 1065.J 

Turnips and mangel wurzels, a species of 
beet , are largely grown as a field crop for feeding 
stock. The turnip has long been grown in 
India, and is cultivated as a vegetable in most 
parts of the cool temperate zone. As a field 
crop it became important in Britain about the 
end of the seventeenth century, and marked 
a new era in agriculture by improving the 
rotation of crops, and by supplying winter food 
for stock, so that fresh meat became available 
all the year round. It is comparatively little 
used for this purpose in North America, where 
the climate does not suit it. Like the potato, 
it is too bulky to bear the cost of transport. 

Beet Sugar. The cultivation of the sugar- 
beet, now so important on the ^loorer soils of 
North and Central Europe, dates only from the 
continental wars of a century ago, w hen French 
ports were closed to tropical produce. The 
cultivation of sugar-beet has led to a fall in the 
price of sugar and a vastly increased cgnsump* 
tion, especially among the Teutonic races. In 
1840, when beet sugar formed only about four 
per cent, of the world’s produce, the average 


consumption per head in this country was 15 lb. 
per annum, while now, when beet sugar forms 
approximately half of the world’s production 
and two-thirds of the commercial article, it has 
increased to six times that quantity [see Sugar 
in Food Supply, page 4047]. 

Cane sugar needs less labour in cultivation, 
is richer in sugar, involves less costly machinery, 
and is grown where labour is cheap. Beet 
sugar requires annual planting, a high state of 
cultivation, considerable expense in fertilisers, 
expensive processes of manufacture, and is 
carried on wheye labour is dear. On the other 
hand, it has the advantage of proximity to 
markets, and the refuse forms a valuable feeding- 
stuff for cattle. It is much more widely culti- 
vated in Europe than in the United States, 
where it is grown in California and Michigan. 
(Germany produces beet sugar to the value of 
about £15,000,000, Austria-Hungary £10,000,000, 
France £8,000,000, and Russia £9,000,000. The 
total value of all the beet spgar produced in 
the world is about £55,000,000. 

Tropical Root Crops. Few tropical root 
crops are commercially important. Manioc, 
or cassava, a native of Brazil, is widely cultivated 
throughout the tropics. It is propagated by 
cuttings, and needs almost no attention. In 
its preparation a poisonous juice must be 
extracted by heat before it is fit for food. In 
South America the dried and grated root, 
known as farinha, is a staple food. Tapioca, a 
preparation of manioc, is imported into this 
country from the West Indies, and from the Easi 
Indies through Singapore. Much so-called 
tapioca is in reality only potato starch. 

Arrowroot is a highly digestible starch ex- 
tracted from the roots of various tropical plants. 
It is obtained from both the East and West 
Indies, but the finest comes from Bermuda and 
Jamaica. 

Two other tropical roots, though of no com- 
mercial value, may be mentioned, the yam 
and taro. The yam is an important food in the 
West Indies and other tropical regions. Its 
roots, which are rich in starch, attain the weight 
of 30 lb. in some of the Polynesian species. 
Taro, widely cultivated in the Pacific islands, 
is an edible root of a species of arum. It is 
boiled or ground into a species of meal. Its 
leaves serve as a vegetable. 

(tinger has long been cultivated for its pungent 
root in the East Indies, and is now also cultivated 
in the West Indies and West Africa. The root 
stock, the ginger of commerce, is scalded and 
dried. Preserved ginger, a sw^eetmeat made by 
preserving the young root in syrup, is exported 
from China and the East and West Indies. 
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Stimulants and Narcotics. Stimulants 
and narcotics incltide hops/ tobacco, opium, 
tea, coffee, cocoa, and others of less importance. 
Hops are chiefly used for imparting a bitter 
flavour*'to beer. They are an expensive and 
uncertain ci’op. They require a rich, deep, well- 
worked soil, which they rapidly exhaust. They 
bear in the third year, but the crop is very liable 
to fail or be short. In 1906 the yield was only 
about 6 cwt. to the acre, against 13 cwt. in 1905. 
Kent, Surrey, Sussex, Hereford and Hampshire 
are the chief hop counties. On the Continent 
hops are extensively grown in Bavaria, which 
brews famous beers, Bohemia, and Alsace 
Lorraine. In the United States, California 
and Oregon grow most hops. Beer, the com- 
monest beverage in Northern Europe, is made 
from barley or other cereals, which are malted 
by a process of partial germination which con- 
verts the starch into sugar. Water and hops 
are added, and the whole fermented. Germany 
leads in the production of beer, followed by 
Britain and the United States. Certain towns, 
such as Munich in Bavaria, Pilsen in Bohemia, 
Burton in England, or Milwaukee in the United 
States, acquire a special reputation, but brewing 
is carried on to a considerable extent in most 
large towns. [See Brewing in Food Supply.] 
Tobacco. Tobacco, the leaf of a plant of 
the nightshade family, is a native of the New 
World, where, at the time of the European 
conquest, it was known from Canada to Pata- 
gonia. It was introduced into Europe in the 
fifteenth century, where its use was at first 
vehemently opposed. Its popularity makes it a 
favourite source of revenue. In several Europe(pi 
countries the manufacture is a Government 
monopoly. The tobacco plant is cultivated from 
•within 30° or 40° of the equator, where it 
docs lx?st, to the latitude of Southern Sweden. 
Tobacco requires protection against frost, a good, 
well-drained soil, and a moist, warm climate. 
The product is of varying excellence, according 
to the soil, climate, and method of preparation. 
The finest tobacco in the world is grown in certain 
districts of C'uba, and is made into the famous 
Havana cigars. Much tobacco is imported from 
the Philippines into Cuba, where the climatic 
conditions seem specially suitable for cigar- 
making. To avoid the heavy American customs 
duties, considerable quantities of Cuban tobacco 
are sent to Key West in Florida, and made 
into excellent substitutes for Havanas by 
Cuban labour, under climatic conditions very 
similar to those of Cuba. Porto Rico, Mexico, 
and Brazil all grow excellent tobaccos, though 
these are less in demand than that of the 
Philippines. 

The quality of the Manila product ranks next 
to that of Havana. Sumatra tobac’co is also 
of high quality, and its fine bright leaves are in 
gieat demanci for -wrapping. In the United 
States, which produces about one-third of the 
world’s crop, tobacco is widely grown, but the 
southern states, and particularly Kentucky, 
lead. The great tobacco markets of the United 
States are Louisville, Ky. ; and Richmond, 
Va. There is an immense import and re-exi^ort 
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trade. Nearly all the snuff in use is made in the 
United States. The finest cigarette tobacco is 
grown in Asiatic Turkey. Tobacco is suc- 
cessfully cultivated in South Africa, Rhodesia, 
Uganda, British Central Africa, etc. In Europe 
it IS grown in Austria-Hungary, Germany, Russia, 
the Balkan Peninsula and France. India is 
an important source of supply, though the pro- 
duct is not of the finest quality. 

The annual value of the American tobacco 
crop is about £12,000,000, of India £6,000,000, 
and of Cuba, Russia, and the Dutch East Indies 
about £3,500,000 each. The value of the 
tobacco produced in the Philippines is about 
£500,000, a figure which will doubtless greatly 
increase -with the development of the archipelago. 
The largest importing countries are Germany 
and the United Kingdom. The consumption 
per head is highest in the Netherlands and Bel- 
gium, where it is double that of Germany, and 
more than three times that of this country. 
[See Tobacco, page 4270.] 

Opium. Opium is a dried juice obtained 
from the unripe capsules of the opium poppy, 
which is cultivated in India, Persia, China, Asia 
Minor, and Egypt. Opium, which possesse.s 
narcotic properties, is one of the most widely 
used drugs in the world. It is the source of 
laudanum and moi^hia, both largely used in 
medicine. Opium is much used as a stimulant 
and narcotic in China, by inlialing from a 
specially prepared pipe. 

India is the chief support of the opium trade. 
In British territory its cultivation is a Govern- 
ment monopoly, permitted only in parts of 
Bengal, and of the United Provinces of Agra and 
Oude. The cultivator must sell his whole crop 
at fixed prices to Government agents, who for- 
ward it to the Government factories at Patna 
and Ghazipur. The product is sold by auction 
monthly at Calcutta for export to China. The 
proceeds form an important item in the Indian 
revenue, which also receives a contribution from 
the excise opium, or the opium consumed in 
India. Opium is grown in many of the native 
states of Rajputana and Central India, but if 
exported to China pays a heavy duty at the 
British frontier. The total net revenue from 
opium is slowly declining. In the ten years 
ending 1899 it was not far short of £4,000,090, 
but in the ton years ending 1904 it had declined 
to a little under £3,000,000. 

The cultivation of opium, though nominally 
prohibited in China, is very general, especially 
in Szechwan. The present Chinese administra- 
tion proposes to stop the cultivation and use of 
opium within a short period. Opium is also 
extensively grown in Persia for the Chinest^ 
market. The British supplies are chiefly drawn 
from Asia Minor. 

Tea. Tea is a stimulant beverage obtained 
by infusing the dried leaves of an evergreen slirub 
of the camellia family, which is grown chiefly in th(‘ 
monsoon lands of Asia. Introduced into Europe 
in the seyenteenth century, it has become a neces- 
sary of life to all classes, and is an important 
source of revenue. Until the middle of last 
century the world’s supply of tea was almost 
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exclusively derived from China, where the tea 
shmb has been cultivated since the sixth century 
A.D. Early in the nineteenth century a variety 
w as found wild in Assam, and experiments led to 
the rapid development of the tea industry. Tea 
is now^ extensively grown in the Himalayas, in 
the Nilgiri Hills of Southern India, and in Ceylon 
since the failure of coffee about 1881. In 1871, out 
of about 124,(K)0,000 lb. used in this country, 

110.000. 000 lb. came from China, and only 

14.000, fKX) lb. from India. By 1901 the position 
of 1871 w’as reversed, China supplying only 

17.000. 000 lb., while India and Ceylon supplied 

238.000. 000 lb., of which India furnished 
148,(KK),000 lb. The introduction of Indian tea 
has led to a rapid fall of prices and a greatly 
increased consumption. 

Where the Tea Plant Thrives. The 

tea plant has a considerable climatic range, and 
is hardy enough to resist occasional frost. It 
prefers a W’arm, moist climate and a rich, well- 
drained soil. New plantations in India and 
Ceylon are generally on mountain edges, where 
good drainage is ensured, where the soil is rich 
in vegetable mould, and where water power is 
available for the machinery which has replaced 
hand labour in the younger ten countries. Tea 
ift grown up to 7,(100 ft. in Darjiling and Ceylon, 
(b ow th is more rapid at lower elevation, but that 
grown at high elevations has a special delicacy of 
flavour. The average yield is from 300 to 500 lb. 
an acre, but in favourable situations and seasons 
it may exceed 1,000 lb. The Assam plant grows 
to the height of 50 ft., and has a large leaf The 
Chinese tea plant is a low shrub, with smaller 
leaves. A hybrid of the two is generally eulti- 
\ated in new^ plantations. 

Tliere are many varieties of lea on the market, 
due to variations in the climate and soil, the 
sc-ason of picking, the size of the leaf, and the 
method of preparation, Tlie latter, including 
labour, requires, it is computed, a man’s labour 
for a day to prepare a pound of tea. Tea, therefore, 
can be profitably growm only where labour in 
abundant and cheap, and for this reason, rather 
than climatic causes, it is practically confined to 
the monsoon land**. Picking is everywhere done 
by hand, and in full season a good picker can 
gather from 20 lb. to 30 lb. a day. In India and 
Ceylon, the picking takes place every few days. 
In the latter, where there is practically no winter, 
tea is produced almost all the year round. In 
C'hina the subsequent processes are done by 
hand or foot, but in India and Ceylon machinery 
is used, as cleaner, quicker, and more efficient. 
The tea is graded and packed in chests lined w ith 
sheet lead or in airtight packages. Brick tea is 
moulded under pressure. The cheaper grades of 
brick tea consist chiefly of refuse, and are sent 
to Tibet and other parts of Central Asia. 

Tea is also grown in Japan (chiefly exported 
to the States), Java, Brazil, Transcaucasia, 
the south-east of the United States, Jamaica, 
Natal, and Madagascar. 

How Tea is brought to Europe. 
The routes followed by the tea trade have been 
greatly modified in the last half-century. Before 
the opening of the Suez Canal tea for Western 
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Europe* came round the Cape in special fa«t 
clipjjers. It now comes by the Suez Canal. The 
finest teas for Western Europe, and for Russia, 
are forwarded by the Siberian line, as an ocean 
voyage somewhat injures the flavour. The 
American tea formerly went by the Suez Canal 
and the Atlantic, but is now' forwarded to 
the Pacific ports, and sent overland to the 
market of the East. 

The British Empire \s the largest consumer 
of tea. The consum))tion in Australia excec*ds 
7 lb. a head ; in the United Kingdom it is over 
6 lb., and in Canada, 4 lb. Holland, the largest 
consumer outside the British Empire, uses only 
1| lb. a head. 

The so-called Paraguay tea, or yerba mate, 
which also grow^ in Southern Brazil, consists of 
the leaves of a species of holly. Its stimulating 
properties resemble tho'^e of t(‘a. It is much used 
in South America, but is in no demand m 
Europe. 

Coffee. Coffee, with similar stimulating pro- 
perties, is obtained by drying, roasting, and 
grinding. thf' seeds or l>eans of a tropic shrub of 
the same family as the cinchona. This attains a 
considerable height wlien wild, but is pruned to a 
bush under cultivation. It bears a red berry not 
unlike a cherry, which contains one or two 
seeds. These are first pulped and then dried, a 
less good result being obtained if these processes 
are reversed, as in Brazil. The seeds are then 
deprived of the endocarp, cleaned, and sorted, 
processes in w hich machinery is now' largely used. 
The quality of coffee depends partly on ag(‘, 
partly on the mode of sorting. Java coffee, 
formerly a Government monopoly used to lie 
seasoned for several years. Machine sorting, as 
practised in the New World, secures a uniform 
^ize, but does not reject bad lierries. The famous 
Arabian coffee, still called Mokha, though 
the market is now Hodeida, is hand-sorted, 
and in Cairo and Constantinople fetches an 
enormous price. The finest never reaches Western 
Europe. 

The Home of the Coffee Plant. The 

coffee plant is less hardy than tea , and is v (*rv 
sensitive to frost. It is chiefly grown within 
the tropics, but near the equator, where the 
lowlands are too hot, it is grown up to G,(XK) ft. 
Generally the range is up to about 3, (MX) ft. Moun- 
tain slopes cleared of trees suit it well in suitable 
latitudes. The young plants require shade, and 
bananas and other frail trees are growm lor this 
purpose. The plant is probably a native of 
Abyssinia, where it has long been cultivated. It 
was introduced into Arabia in the filteenth 
century, and became generally known in Enroja* 
in the seventeenth century. In 1650 the Dutch 
introdiicefl it into Java, and in the eighteenth 
century it was introduct'd into the West Indies 
and South America. The Brazil provinces of 
Rio Janeiro and Sao Paulo are now the great 
source of the world's coffee, producing over 

16,000, (MX) lb. annually, valued at ONcr 
£20,000,000. The other coffee-producing land> 
are Colombia (70,(X)0.000 lb.), Java, Venezuela. 
Guatemala. India, where it is grown in the 
cleared slo[)es of the We*stem Ghats, C’eylon, 
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where the cultivations now insignificant, Mexico, The chick peo, cultivated in Southern Europe, 
Porto Rico, Salvador, Costa Rica« Arabia India, and tropical South America, is an im- 
(11,000,000 lb.), Haiti, West Africa, and the portant article of food and trade in this region. 
Shire Highlands. It has also been successfully The hean has many varieties suited to different 
introduce into Queensland. The Liberian climates. It is used both as food and fodder, 
plant, though inferior in flavour, withstands The beans imported into this country come 
the leaf fungus better, and is now being intro- from Egypt and Mediterranean countries. Soya 
duced into Ceylon and elsewhere. The ‘chief beans are an important crop in China, Japan, 
coffee-importing countries are the United States and India. Lentils are grown in Germany, 
(871,000,000 lb.), Germany (370,000,000 lb.) Southern Europe and Egypt. The carohy or 
France (185,000,000 lb.), Holland (103,000,000 lb.) locust, is imported from Cyprus and Portugal, 
and Austria-Hungary (97,000,000 lb.). Holland chiefly as cattle food. Various pulses are 
IS the largest consumer (14j lb. per head). Nor- grown as fodder plants in this country, and still 
way, SwiSen, the Unit^ States and Belgium more in the Mediterranean and other regions 
consume over 10 lb., while the consumption per with dry summers. Alfalfa, or lucerne, one of 
head in this country is under J lb. the more important, has deep roots adapted to 

Coffee is frequently adulterated with chicory, a dry climate, and is extensively grown round the 
))arched grain, pcEise, etc. Of these, chicory is Mediterranean and in the drier parts of North 
the least objectionable. and South America. [See Agriculture.] 

Cocoa, Cocoa, or to be correct, cacao, Is Sugar Cane. Until the beginning of the 
obtained from the seeds of a tropical tree indi- nineteenth centupr the world s supply of sugar 
genous to Mexico and tropical America, where it wholly from the sugar cane, a mem- 

was in use at the time of tL European discovery. of the grass family, somewhat resembling 

It requires a hotter climate than coffee, a in its unripe state, and yielding, u^ei 

deep, rich soil and abundant moisture. If growm pressure, a strongly saccharme juice The 

under shade it is well suit^ tx) the tropical low- European discoverers of the New ^ orld intro- 

lands. It is chiefly grown in Ecuador (market, duced the_ sugar cane into the West Indies 

Guayaquil), Venezuela (market, Caracas), Brazil, <id]ac<>nt mainland, where it was grown 

some of the West Indies, Ceylon, and Java. Tlie ‘'y »la.ve labour. The abolition 

large, bright, fleshy pods are allowed to fei-ment, of alavery, and the competition of liect supr 

and are then dried in the sun. When roasted and I'^dcr a system of bounties, has M to a dechne 

split, they are known as cocoa nihs. The finish is ®ane industry, especially m the West 

rich in nutritive as well as in stimulating proper- Inmes. [See Pood Supply, page 36o2.] 
ties. It contains a large proportion of fat (coco/t , Imsms of the Amazon and Congo 

butter) and starch, ^fhe former is extractiKi in cane, which requires heat and moisture, 

the manufacture of chocolate and cocoa. Tlie ^ within 34 of the equator, 

latter is frequently adulterated by the addition India and China are large producers, but cx- 
of a large quantity of starch. Chocolate is the 

favourite beverage in Spain, where it was early Mauritius, the Plnlippmcs, and 

introduced by the Spanish conquerors. It is also the chief sources of the eommercia 

much used in France. supply. The cane is also cultivated m Natal 

^ w • fT. 1 1 tropical Australia. The yield per acre varies 

Coca and Kola. To these stimulants may jq 12 tons up to 34 in Hawaii. 

i» added coca and kola. C^a is the leaf of a ^ liquid residuum formed during manufacture 
shrub indigenous to South America. It is said jg tnown as molasfies, and is used for making rum 
to render exertion easy, even with scanty food for other purposes. 

and sleep, and facilitate respiration at high alti- ^he Enormous Consumption of 

tu^. It is consequently highly valued by the Sugar, Sugar, a costly luxury little more thou 
Indians of South America. It forms an inpc- century ago, is now almost a necessary of life, 
djent m some tonic wines. Cocamc, an alkaloid and a valuable article of diet. The consumption 
wtained from it, is us^ as a local aesthetic. among the Teutonic races is very large, a con- 

The kola nut, the ^d of a West Africa tree gjderable proportion being in the form of jam 

now cultivated in Mamitiiw, the West Indies, confectionery. In Australia the annual 

Md tropical America, is similarly used in the eonsumption reaches lOl.t lb. a head, in New 

SudM and other parts of Africa. In Europe it is Zealand 96i lb., in the United Kingdom 88* lb.. 

cm]:doyed as a tonic and as an ingredient in some j^^d in the United States 08* lb. 

cocoas. ^i\ agricultural crops hitherto described 

The Pulses. The pulses, or pod-bearing are food-stuffs. The groups treated in the next 

plants, are represented in tliis country by the pea article include those of industrial importance, 

and bean. The pea is suited to the cooler parts These are the fibre plants, the oil seeds, dyeing 

of the temperate zone, and is imported into this and tanning materials, drugs and miscellaneous 

country from Denmark and North America. useful plants. 

Continued 
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The Materials and Processes in Soap-makingf. The Manufacture and Uses 0 

of Glycerin. Essential Oil Distillation. Making Otto of Roses. Perfumes 


SOAP 

Bx McArtiiuu 

Son]), in a strictly chemical Hense, is a general 
term applied to salts of fatty acids, or conipoiiud>‘ 
formed when a base combines with a fatty acid. 
Industrially, however, the term is restricted to the 
compounds of the alkalies potash and soda and 
fatty acids. 

The art of soa j)-making dates from very early times. 
Pliny, in the first century, describes a crude soap 
made from goat's tallow and the ashes from 
beech-trees : while among the ruins of Pompeii, 
destroyed by an eruption of Mount Vesuvius in 
70 A.i).. some soap and the remains of a soap- 
making establishment have been discovered. In 
early times various oils and fats v^'crc sa])onified 
by treatment with the alkaline ashes of w’ood and 
seaweed, but with the introduction of Leblanc's pro- 
cess for the manufacture of soda fscc Alkalies | 
and the discovery of the constitution of fatty bodies 
by Chevreul, the industry was ])laoed on a scientific 
as well as a practical basis, and has now assumed im- 


ferment, or enzyme, present in castor seed, by allow- 
ing it to act upon the glyceride kept in a stat<‘ 
of emulsion by slightly acidulated water. This 
fiict has been utilised industrially for obtaining 
fatty acids of good colour from such liquid oils 
as cottonseed, linseed, etc., with the object of 
cjnploying the fatty acids in the making of souji 
and recovering the glycerin. 

The alkalies are used in the form of a strong 
solution, or “lye,” of the hydrate of the resjH'c- 
tive base, soda or potash. Many manufacturers, 
instead of dissolving the solid caustic soda for the 
piir})o.se, find it more economical to causticisc a 
solution of carbonate of soda, or sotla-ash, by 
means of lime, and eonoentratc Ihe solution to 
the required strength in vacuum evaporators. 
The reaction taking place is represented by the 
e(juat ion : 

Sodium Slaked Sodium ralciiim 

curbomitu lim(‘ hydrate earhoiiatf 

Na./^0. 4- LaHA), = 2NaHO + CaC'O. 

Silicate of soda, carbonate of soda, and borav 


mciLse jHOpprtions in all the civilised 
countries of the world. 

Properties of Soaps. Soaps are 
known as Hard (soda) soaps and as 
Soft (f>otash) soa]>s, according to the 
base emt)loy<‘d. They are easily soluble 
in water and in alcohol, their a(|ueous 
solutions } assessing characteristic latlier- 
ing pro|H3rties. \Vhcn solutions of hard 

Mriiiiw Mi‘f» ioiv<-‘/l ivifli wjili /urkrliiim 


1(1 me case oi '<oit soaps me aciion 
is ditTcrent, a double decomposition 
taking jilacc, whereby a soda-soap 

I.J ffU’nw'H nrirl Tjnfnusilnni 



are sometimes employed to increase 
the detergent proi)eities of hard soa [is 
and to harden them : and a neutral 
salt, such as sulphate of soda, is often 
added for the latter purpose, as well 
as to add weight. 

Making Hard Soaps. The pro- 

cess of saponification of oils and fats 
by alkalies for the production of 

alkali metals, glycerol 

eliminated. This is shi 
the following equation. 


[iiacc ill presence of water, when 
the soap is partially decomposed with forma- 
tion of an acid-soap and free alkali, the 
latter enabling the water to come into 
intimate contact with the surface, by re- 
moving the greasy film which resists the 



action of the w^ater alone. The cleansing [lower The principal methods of eflecting sapoinficatiou 
of soap has also been explained by tin* in- are : 


hererit [)ro[)orty — which soap solutions [lossess— 
of emulsifying fats, and thus releasing the foreign 
matter. 

Raw Materials. The most important fath 
and oils used in the manufacture of hard soa[>s 


1. By the direct neutralisation of fatty aokL 
by a solution of caustic, or carbonated alkali, oleit* 
acid being generally used. 

2. By heating the neutral fat and alkali, in pre- 
sence of winter, in a closed boiler, or aiitoclan, iimler 


are tallow, various greases of animal origin, lard, 
coconut oil, palm oil, palm-kernel oil, cottonseed 
oil, etc., as well as resin and fatty acids. For soft- 
soaps vegetable oils are generally used, such as 
cottonseed, linseed, olive, etc., and sometimes (he 


pressure 

3. By the cold ju’occss, consisting in acting u[>on 
the neutral fat with an adjusted quantity of alkaline 
lye just sufficient to effect the saponification. 

4. By the OoUittg process, in which the neutral 


fatty acids derived from these oils; also the better fal is first saponified with a comparatively weak 
qualities of fish oil. The fatty acids are some! imes solution of caustic soda, the soap “salted out,” 
obti ined by the hydrolysis of the fat by the Twit- ^ to !>e afterw ards finished, and the glycerin separated, 
chell process, referred to in discussing Candles, it The last^'two ])roecsses named, which are tiiose 
has been recently shown by W. Connstc in and otheis most extensively used, will now be briefly dc- 
that it is possible to hydrolyse glycerides by tho scribed. 
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The Cold Proceae. Til is })r<x'i'sR )) 088 esBeR 

the advantage of simplicity, and can be carried out 
with small quantities of material and with inex* 
iwnsive plant. The vessel in which the process is 
conduct^ consists of o steam -jacketed pan, pro- 
vided with a mechanical agitator. The fatty matter, 
|)referably coconut oil or tallow, or a mixture of the 
two, is heated to about 35® to 45® C., and strong 
caustic soda lye, of 1*25 to 1*35 specific gravity, 
gradually add^, while the mass is thoroughly 
mixed by continuous agitation. The 'strength 
o[ the lye depends 
upon the nature of 
the fatty matter, and 
the quantity must be 
carefully measured and 
be adjusted so that 
only a sufficiency is 
used for the fatty 
matter. The muss is 
then run into a 
shallow wooden 
frame, and 
covered up so 
that the heat ■ 
may bo retained ; 
the temperature 
meanwhile rises, 2. SLABBING MACHFNB 

.ind the saponi- 
fication beermes complete in about twenty-four 
hours. It is obvious that the materials used must 
be of the best quali( 3 % as any impurities present 
necessarily remain in the soap ; the glycerin, 
eliminated from the fatty matter, is also present 
in the finished soap. Soaps made by this process 
are liable to contain a slight excess of free alkali, 
or of neutral fatty matter, and arc not generally of 
the finest quality. 

The Boiling Process. This process is by 
far the most important of those referred to ; it 
serves for the manufacture of the great bulk of the 
soaps generally met with, and yields products 
sujwior in quality to those obtained otherwise. 

The iron vessel, known as fionp-copper^ soap-pan y 
or ketthy in which the saponification is carried out, 
IS generally cylindrical in form, and capable of 
making 30, 00, and even 100 tons of soap. It is pro- 
vided with two coils, one perforated, for supplying 
“ open ” steam, the other closed, for “ close ” 
steam. The fatty matter is first boiled with weak 
soda-lye, and the boiling continued until a sample 
on examination api^ears somewhat firm, and has 
only a faint caustic taste, ronsidorable experience 
is required to know" w"hen the first stage of the 
process has tK*'en completed, and, indeed, this 
remark applies to the successful carrying out of all 
the details of soap manufacture. With the object 
of separating the partially formed soap from the 
excess of water, from the glycerin derived from the 
fatty matter, and from the impurities of the alkali, 
salt, in the solid state or os strong brine, is added 
to the contents of the copper, when the soap rises 
to the surface as a more or less granular, curdy mass. 
This part of the process is known as graining or 
ruiting the soap. The lower layer or “ spent lye ” 
is removed, and treated separately for the recovery 
of the glycerin and of the salt [see fillycorin]. 
The granulated soap is then boiled W'ith water and 
fresh lye, in order to com]>lete the sajwnification of 
the fatty matter, and the “ half-s])ent lye is 
removed after settling, and may be used for the 
saponification of another quantity of fresh fat. The 
(Contents of the copper are boilM once more with 
free steam and added l 3 ^e, to emsurc <*omplete 


sa))onification, this ojieraiion being known as 
inking the soap. 

Three qualities of ‘'boiled” soap are generally 
recognised, known respectively as curdy wotUed, 
and fittedy the distinction depending mainly ujion 
the manner of the treatment of the soap subseqiH'ut 
to the various operations just described. 

Curd and Mottled Soape. For the manu- 
facture of these varieties, when the soap has Iwen 
“ made,” the boiling is continued by means of 
close steam, in order to concentrate the Ive, and 
the soap is removed after settling. Tallow" 
generally used for the best quality of curd soaps, 
(lenuine mottled soaps are made from darker fats 
than those employed for curd soaps, such a.s melted 
fats, hone fats, etc. Their character istie a])})ear- 
anoc, from which they derive their name, is clue to 
the presence of impurities in the materials used, 
which segregate as the mass cools. It is a common 
practice to produce artificial mottling of sotqis of 
this class by the introd\iction of oxide of iron, 
ultramarine, etc. When a solution of silicate of 
soda is added, as W'ell as of other salts, a hard soa]> 
may be obtained, although as mueli as 50 jier ( cnt. 
of water may bo present, or more than double that 
contained in a genuine mottled soap, needless to 
say, to the serious loss of the user. In justice, 
however, to the honest manufacturer, it sliould 1 k‘ 
stated that m many cases the demand for chc.i]) 
soaps has eomjtelled him to place upon the market 
])rodnets of inferior quality, which he cannot 
conscientiously recommend. IMottling cannot now 
be always regarded, as it was some tifty yeais ago, 
as an indication of good quality. 

The practice of liquoring^ or is by no 

means confined to soaps of the mottled descrijdion. 
Mottled soaps are largely used for laundry work. 

Fitted, or Yellow Soaps. 'I'he last, 
qualities of soaps of this class arc made from tallow 
of good colour, and the inferior qualities from dark- 
coloured tallow, greases, etc., resm being an essential 
eouiponent of both (pialities. When the sonji has 
lieen ” made,” as already explained, the <‘ontents 
of the copper are allowed to stand for some hours, 
the lye run off, and the whole boiled with moj(‘ lye, 
if necessary, to *" fit ” the soap, so that, while it 
contains the pro]X‘r proportion of water, it mav 

still l)c suffi- 
ciently “ open " 
to allow the 
impurities to 
settle out. Tlie 
mass IS then 
allowed to stand 
for some days, 
when a sejiara- 
/ tion into three 
layers takes place 
— a soa])y scum 
V or ” fob on the 

8. BARBING ANP TABLBTTINU surface, which 
MACHINE ‘’Jin be worked 

. up in the next 

batch of soap ; the finished, or “ neat ” soap in the 
centre, which is removed for cooling ; and the 
” nigre,” or dark-coloured alkaline lye underneath, 
which can lie utilised for the making of boaps of 
dark colour. 

In England, under the general designation of 
# washersy but distinguished by various fancy names, 
there have been recently introduced certain jtHow 
soaps, made principally from cottonseed oil, and 
generally smaller proportions of tallow, coconut 
oil or palm-kernel oil, and resin. I'heso have an 
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soap, aa in the making of hard soaps by the cold 
process. 

Soft soaps contain a much larger proportion of 
water than hard soaps, and generally contain also 
an excess of caustic alkali, as well as carbonate, and 
other impurities present in the materials used. 

They are largely employed for general household 
purposes, such ns the scrubbing of woodwork, etc., 
and by woollen manufacturers in the various 
operations of washing and “fulling” their 
goods. 

Toilet and Fancy Soaps. The best 
(|ualitieB of toilet soaps arc made by the boiling 
process, and louer qualities by the cold process. 
Many of the cheap toilet soaps are prepared by 
re-melting stock soaps of good quality, incorporat- 
ing some perfume and colouring matter, 
and transferring to cooling-framc«i, when 
the soap is afterwards cut up and 
stamped into tablets. 

A very important improvement has 
taken place of late m tlie preparation 
of toilet soaps, by the introduction 
the milling process. A well-made s^ 
obtained by the Ixiiling process^ 
generally stdected for the purpose, 
being taken that all traces of 
alkali have been completely neutral { machinb 
V soap of tins kind contanis a, 

:10 per cent, of Mater, and, ai tM^enty-foui 

prelimmary .j the milling procossials used must 
the soap requires to bt' deprived ofibnties present 
the bulk of the water by drjing. the glycerin, 
This may lx* done by cutting the — 

bars of soap into shreds and e\- 
)> 08 ing these in <i steam - hoi ted 
chamber. In large and modern 
establi.shmcnts the drying is cviirrusl 
out continuously in a sj^ial form 
of apparatus introduced by M.M. 
t^ressonnieres, of Brussels (English 
Patent No. 2,44G, 1890). For this purpose the 
molten soap is first passed between a series of 
iron rollers, wbercbv it is cooled to some extent. 




6. sTAMPnra machixf. 
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customary to mix tliese materials with the dried 
ribbons of soap. 

The milling or crushing machine [ 4 ] consists 
of a number of powerful granite rollers ; bet ween 
these the dried soap is mime to pass several times 
in order to incorporate the colouring matter and 
perfume, and make the soap thoroughly homo- 
geneous. The ribbons of soap, as they fenvo the 
milling machine, are afterwards subjected to great 
pressure in what is called a plodding or squeezing 
machine [6], in which, by means of a powerful 
.screw or worm forcing the mass through an orifice 
of the desired size, the soaji is formed into a 
compact bar, which is then cut, and stamped into 
tablets in moulds [6], the name of the soap, etc., 
appearing in well-defined letters on the surface. 

The most important qualification of n 
good toilet soap is freedom from un- 
combined alkali and other irritants of 
the skin. It should also yield a rich, 
creamy lather, and be delicately per- 
fumed. In the preparation of snper- 

fatted soaps, a small quantity of neutral 

limy be <>ne time added, to 

of water may be M'ehsiib- 

contained m a genuine niott'l^’^'’7f' 
say, to tlie serious loss ot the useiT i"™"/''' 
however, to the honest nmniifneturei' , , 
stated iliat in many cases the ^ «m(k*a. 
soaiis lias eoiuiK-lled him to ''"■''PS 

products of inferior q,.-y disiolving a good soap 
.•oiiscientiously rec'omu” dial iH mg oft the eveess of 
be always regarded. i and allowing the re- 
— - .naming soap solution to soliilify. 

The soap is then cut into tablets, 
and these exposed to the air for 
several weeks or months. Inferior 
qualities contain a considerable 
])roportion of sugar. 

Composition of Soaps. 
The following table gives the com- 
position of representative soaps of the various 
qualities which have been referred to; tlioy aic 
all of English manufacture. 


— 

f'ui fl 
(gfiiiim ) 

.M ittle-l 
(ifi nnuu ) 

Mottled 

(wlitHted 

Yellow 

(genuine) 

Yellow 
(«lh« %U d) 

Yellow, 
•‘waMhe\ 
viiru ty 
(genuine) 

Coconut 
(made by 
*’ cold " 

pi OCCUft) 

.Soft 

(potash) 

T.illot, 

“ milled ” 
(superior 
quality) 

OK . ^ 

S'" 5 &0 S 

Toilel. 

tninR 

parent 

(Infpiior 

qiKiJjty) 

Fatty aahydrid«* 

<c2'02 

<54-20 

IWBii 

l■Ra 

41*18 

03*80 

50*02 

40*22 

80*08 

80*04 

40*87 

Alkali, Xa>0 

7 ^2 

7-79 


7*00 

(►•39 

8-00 

7*88 


10*12 

8*97 

5-95 









9*23 




Silica, SiC )2 

- 

— 

ris 

_ 

2*01 

_ 










Salta (including litth- 

J 415 

2 <51 

4*00 

2-64 

5*2« 

2*(52 





1 49 

2*15 

■■ 

glycerin) 











Glycerin (including small 

— 

— 

— 

— 

— 

— 

9 70 

7*43 







quantity salte) 












Sugar (including sntull 

— 

— 

— 

■ — 

— 

— 

— , 

— 

— 



28-23 

quantity salta) 











Water 

27*70 

25*40 

46*80 

29*24 

1 47*10 

2.5*58 

32*40 

43*12 

8*31 

8*24 

WBjlJ 




300-00 

100-00 

100*00 

100*00 




100*00 

100-00 

Fatty acids, Titre T. . . I 

39*7 

38*9 

37-2 

42-0 


28*3 

23*6 

31*1 

38*9 

41-7 

31*1 

., ,. Sapoii. value ( 

214 

203 

mm\ 

190 

195 

210 

267 

198 

212 




By moans of a row of ii*on teeth impinging 
upon the bottom roller, the soap is removed in 
the form of thin shreds or ribbons, and in this 
condition it falls upon an endless band of fine wire 
gauze, and is carried through a heated, well- 
ventilated chamber, where it is rendered com- 
paratively dry, about 10 to 12 per cent, of water 
remaining in the product. The colouring matter, 
which is generaUy an anfline derivative, and the 
perfume may be added before drying, but it is 
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Soap or Washing Powders. These con- 
sist of mechanical mixtures of soda crystals (Naj 
COa. lOHoO), or soda-ash (Na 2 C 03 ), and dry soaj), 
and are prepared by grinding the materials together 
until the mass is reduced to a state of fine powder. 

They are powerful, although not economical, 
detergents, and are useful for the cleansing of 
kitohen utensils and other greasy articles. 

The following table gives the neroentago com- 
position of three m’cIT - known nrands : 1 and 
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2 are of Englnh, and 3 in of American, manu- 
facture ; 


— 

1 


;i 

Fatty anliydride . . 

Alkali, Na-’O, eomliiued 

is-itj 

18*76 

22*83 

as soap 

Sodium carbouate, 

2-08 

2*20 

2*43 

Na. COj 

32*22 

.37*05 

60*18 

Water 

44*«8 

38*35 

21*96 

Salts 

2*86 

3*64 

2*60 

1 

1(10-00 

100*00 

100*00 


GLYCERIN 

Bv John MrARTHur: 

Glycerin, or glycerol, was first 

isolated by the Swedish chemist Scheele, in 177h, 
in the preparation of lead plaster from olive oil 
and litharge, and named by him the “ sweet 
principle of oils.” 

It is now obtained us a by-product in the 
hydrolysis or saponification of oils and fats in the 
stearine candle and soap industries, a fat, like 
tallow, yielding about 10 i)er cent, of glycerol. 
Within comparatively recent 3'ears much of the 
resulting gfyeerin was run to waste, but the im- 
provement in the metliods for its recovery and 
purification, and at the same time its extensive 
application in various industries, have enabled 
manufacturers to convert this formerly waste 
product into one of value and profit. The crudo 
glycerin of commerce varies in (piality with the 
j)articular process of saiionification employed ; 
the principal qualities are i<npon if cation or cancUc- 
(jlycerin and aoay-lyc glycerin. 

Saponification Glycerin. This is ob- 
tained in the making of stearine, discussed under 
Candles. The gl3ve^ln•^^<ller, or “ sweet- water,” 
obtained by the li^’drolysi-. of the fat, is concentrated 
by means of steam, ja-eferablv in a vacuum evapora- 
tor, until a s])eeifie gra\ il of about I ‘240 is reached, 
corresponding to about 00 jier cent, of glycerol. 
This jiroduct varies iu eoluui' from light j^ellow to 
dark brown or black, according to the quality of 
the raw fats eiiijiloyed, and contains generally 
from 0'2o to I'OO ]kt eenl. or more of salts, con- 
sisting of lime, magnesia, etc., from the base used in 
the hydrolj^sis, besides dishohed organic impurities, 

Soap«lye Glycerin. 'Hie spent lyes result- 
ing from the “cutting” of the soap generally 
contain from 4 to S ])er cent, of glycerol ; common 
salt is also present in considerable quantity, besides 
smaller ])roportionN of cau^tlc soda, carbonate of 
soda, and soap. The lyes are puritied by treatment 
with mineral acid, in jJre^e4u•e of certain chemicals 
such as suljdiatc of alumina or ferric sulphate ; 
by this combined treatment the alkali is neutralised, 
the soap deeomiiosed, and the fatty and resinous 
acids as well as organic mijairities preciyHtateil. 
The solution is filtered, neutralised with soda-ash, 
again filtered, and concentrated in a vacuum 
evaporator, which is constructed so that the excess 
of salt, as it separates from the I3T, can be removed 
from the evaporator while the process is in operation. 
The finished crude gl^'cerin lias a sj)ecitic gravity 
of 1*300, and contains generallv' about 80 [ler cent, 
of glycerol and 10 ^ler cent, of salt. 

This quality", on account of the higher jH^r- 
centage of salt and the lower |^ercentage of gl^yeerol 
present, has not the same commercial value as 
saponification glycerin. 

Purification of Glycerin. The first 
successful process for the j>urification of crude 


glycerin was that invented in 1855, by the late 
Sir. G. F. Wilson, F.R.S., of Price’s Patent Candle 
Company Limited (Englisli Patent No. 301, 1855), 
whereby the well-knowm “ Price’s Glycerin ” was 
manufactured. This process consists in distilling 
the glycerin in an atmosphere of superheated 
steam, and although its original form has now 
been somewhat modified, the process is universally 
used. 

Tlic stills and condensers employed vary in form, 
but are somewhat similar to those used for fatty 
acids [see Candles] They are made of copper or 
steel, and the gl^'cerin is distilled, in some cases by 
siqierheated steam with the assistance of fire, and 
in other cases hy .steam alone. The whole apparatus 
is generally worked under a vacuum, which, by 
reducing the tenqxTature of distillation, assists in 
preventing the decomposition of the glvTcrin. 
8trong glycerin of 1*240 to 1*260 specific gravity 
is collected from tliobc condensers near to the still ; 
the weaker gl^'cerin from the other condensers is 
generally concentrated in vacuo and re-distilled. 
The strong glyctTin, which is i>ale yellow in colour, 
is decolorised bv treatment with animal charcoal 
and filtered, and is sold as distilled glycerin^ or it 
may be concent r<i led to .i specific gravity of 1*262 
for dynamite glyctrin. 

Chemically pnre glycerin is obtained by a 
second, and soJiictinics by a third, distillation, 
and is generally* finished by treatment with 
a small (quantity of puie charcoal, and afterwards 
filtered. 

Properties of Chemically Pure Gly* 
cerin. Chemicallv’ jiure glycerin, as required by 
the British Pharmaco^xria has a sjjecific gravity 
of 1*260 at 15*5® C. ; it is not absolutely free fiom 
water, containing between 2 and 3 per cent., the 
chemical substance, gl^TcroI, having a siiecific 
gravity of about 1 *267 at 15*5° C. Chemicall^^ pine 
glycerin is a colourless syruj^y liquid, free from 
odour, and possessing a sweet, jdeasant ta.ste. 
It should be free from arsenic, metallic and earthy 
impurities, and from fatty and mineral acids. 
When exposed to cold for some time, at or below 
0° C., it forms rhombic cry’stals,’ which rapidly 
deliipie.sce on eximsiirc to the atmosphere, li 
boils at 2iK)° C'., and at a higher temijeraturc bums 
with a non-luiniiious flame. Glycerm has a great 
afliiiity for water, and mixes with it and with alcohol 
m all proportions, but it is imsolublc in ether. Ii 
is a ver^^ powerful solvent, dissolving many sub- 
stances which are practically insolubliy in water. 

Applications of Glycerin. Chemically 
pure gljTerin is extensively employed in ])hurmacv 
and surgc^3^ Its solvent action renders it useful 
in making solutions of various di-ugs. On account 
of its nutritive value, it is often taken internally 
as a sub>titute for cod-liver oil. It is largely used 
Uh an application in diseases of the skin, being era- 
plo^^ed as a vcliicle for medicaments ; and in 
combination with such antiseptics as boric and 
•salicylic acids, it us useful as an application in certain 
diseases of the throat. Glycerin is useful also as 
a preservative fluid, and on this account it forms 
an important constituent of vaccine lymph. 

Distilled glj cerin is U'.ed in calico-printing, in 
the preparation of leather, and in the manufacture 
of copying inks and printers’ rollers, and for mixing 
with water to lower its freezing-point. But by 
far the most extensive application of distilled 
clj-^cerin is for the making of nitro-gly cerin for 
dynamite and other explosives ; for this ]mrpose 
the gljTcrin should contain as little water as 
possible. 
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ESSENTIAL OILS AND PERFUMES 

Ef^sential or volatile oils are an important class 
of oils which differ from the division known as 
fixed oils by the fact that they are more or loss 
vapourisable without alteration, and possess dis- 
tinctive odours. This definition cannot be strictly 
applied in every case, but it suffices for all practical 
purposes. It is the }X)SBe8sion of characteristic 
odours and the ready volatility that make essential 
oils of such value to i>erfumers. 

Distribution in the Plant. Kssential 
oils ai*e of vegetable origin, and are distributed in 
all jmrts of the plant — flower, fruit, stem, bark and 
r^>ot ; but this is not always so in the same plant. 
Pine trees are an example of the occurrence of 
the same oil in all parts of the plant, but in the rose 
the j^rfumc or essential oil is found only in the 
flower petals. The orange tree is peculiar in yield- 
ing distinctive perfumes from various parts of the 
plant — the flowers yield oil of neroli. the leaves oil 
of grain, and the rind of the fruit, oil of 

oiange ]>eel. White flowers are more often per- 
fume judders, tind give by far the niost pleasant 
scents. 


comprising pinene, campheno, limonenc, dipentene, 
thiijene, fenchene, sylvestrene, phellandrene, ter- 
pinolene, terpinene, cadinene, oarvestrene, car- 
yophyllene and oedrene; (2) camphor compounds 
such as bomeol, camphor, terpineol, pulegiol and 
menthol ; (3) the geraniol and citronellm series, 
including geraniol, linalol, geranaldehyde, and 
citronellol ( (4) benzene compounds, the most 

important of which are cymene and its isomers, 
cliavicol, eugenol, safrol, thymol, carvaorol, benzyl 
-alcohol, benzaldehyde, salicylic aldehyde, cinna- 
mic aldehyde, carvone, benzoic acid, salicylic 
acid and cinnamic acid ; (5) aliphatic compounds, 
other than the geraniol and citronellol series, 
which comprise methyl alcohol, ethyl alcohol, 
propyl nlconol, acetic acid, valeric aedd, hydro- 
cyanic acid, allyl thiocyanate and the paraffins. 

Many essential oils consist of a mixture of fluid 
and solid constituents, the fluid being known as 
the closoptene, and the solid part ns the stearopicne. 
Terpendess oUft, or concentrated essential oils, are 
obtained by depriving oils of their ierpene, usually 
the odourless portion. 

Processes of Extraction. Tlie methods 


How Essential Oils 

diarabot has conducted a scries 
of exjierimcnts with a view to 
tracing the elaboration of per- 
fumes in plants, using for the 
]>uriK)se jx‘p) ''rmint and basil. 
There api)ears to be no doubt 
that the essential oil is pro- 
duced in the chlorophyll- l)ear- 
ing parts of the plant. It was 
noted that the essential oil 
derived from the chlorophyll* 
Ijearing (green) j)arts is richer 
in esters, the more odorous part 
of essential oils, and becomes 
lichcr as vegetation advances. 
Suppression of inflorescence was 
found to cause an accumula- 
tion of the oil in the gi’een 
]Mrts. The flowers jis formed 
iK'come richer in water, the 
|)ctals containing a higher pro- 
])ortion of water than the rest 
of the organs. During the 
^fuller development of a flower 


Formed. of obtaining the essential oil of plants varies accord- 
ing to the delicacy of the oil. The 
chief methods are: (a) distillation : 
^ ^ (h) ex])icsHion ; (c) extraction by 

L / nA solvents. 

I \\ Distillation. The jhckcss of 

I distillation is the one most frequently 

I used. TJie vegetable matter is ])lacecl 

jfa I in a copper still f7J with water, 

y — applied. This 

^ ^ causes the water to rise as 

^ ^ steam, containing, mixed with 

B i it, the essential o3 of the ))lant. 

K I The steam is led through a 

“X I worm or condenser, the result- 

X I ing liquid being allowed to rest 

^"’5 I ^ . for some time, when it separates 

/ • two layers— oil and water. 

^ y \ r 'The oil is separated by a simple 

/ \ / expedient of decantation, Modi- 
fications of the above process 
I I consist the use of steam 

^ liipes as the heating agent 

7. ESSENTIAL OIL STILL “nd the suspension of the 

vegetable matter in a wire 


the essential oil becomes richer m esters and in 
jdcohols. In the case of the basil ))lant the esstui- 
lia) oil is formed mostly in the green parts before 
the period of flowering, and decreases during the 
IKjriod of flowering. 

Influence of Soil. Sunlight favours the 
formation of terpene compounds, and experiments 
are being conducted to see what effect the 
addition of certain chemicals to the soil will 
have on the composition of the oil. As an 
instance of the difference in the composition 
of the easential oil yielded by the same plant 
on different soil lavender may be mentioned. 
Plants grown at Mitcham, in Smrey, contain only 
about 7 to 10 per cent, of linalyl acetate, whereas 
the same plants grown in the South of France 
frequently contain over 35 per cent, of the same 
body. Peppermint jflants cultivated in soil to 
which sodium chloride or sodium nitrate has been 
added yield an oil richer in ester than one cultivated 
without such addition. 

Chemical Composition. The chemical 
constituents of volatile oils have been the subject 
of long investigations by ehen)ists. The following 
are the chief organic constituents : (1) the terpenes. 


lagc. the object being to ]n’evcnt scorching. The 
w^atcr which comes away with the oil is strongly 
flavoured with the ])lant perfume, and is used in 
medicine for flavouring purposes, or, as in th(' 
case of rosewater, for toilet articles. 

MaKing Otto of Rose. As an illustration 
of the distillation process the manufacture of otto 
of rose may be cit^. The pure odour of the rose 
is “ miique, undcfinable and incomparable,” Otfo, 
or attar, is the name given to the oil of rose. The 
rose garden of the world is situated in the Balkans, 
the most important centre of the industry being 
Kezanlik. Rosa Damascena is the particular 
variety of rose cultivated in Bulgaria. Tlie flowers 
grown for the distillation of the otto are gathered 
before they begin to open and just before 
sunrise. The time of gathering has an important 
influence on the otto, both in yield and odour. A 
garden of an acre yields about 100 lb, of flowers 
every day for three weeks. The distilleries ar6, 
as a rule, ])riraitive buildings. The still [8] is of 
copper, about 5 ft. high, resting on a furnace built 
of bricks or stones. The condenser is simply a 
straight tube passing obliquely through a woc^en 
vat. The fuel for heating the furnace consists of 
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wocxL Wat^r for condensation is hui ►plied by a 
wooden gutter suspended over the condenser. 
The still is charged with 10 kilogrammes of flowers 
just as they are gathered and 75 litres of water, 
and the joints of the still are luted with clay. 
The fire is then lighted, and after an hour and a 
half 10 litres of liquid, having distilled over the 
fire, is withdrawn. The distillate is received in 
two flasks of 5 litres each and placed on a shelf to 
cool. The still is then recharged, and when 40 
litres of distillate have been collected, this quantity 
is put in the still and 5 litres of distillate collected, 
containing all the otto of the larger (j\iantity. 
The liquid is placed in a glass vessel of S}3eeial 
shape, and the otto that floats on the water is 
separated by a small funnel-shaped dipi^er. The 
yield from ,3,000 kilogrammes of flowers is 1 kilo- 
gramme of otto. Modern methods of distillation 
are now used in the newer factories. 

Expression. This is the process used in 
•Southern Italy for obtaining essential oil from 
lemon, orange, and bergamot |)ccls, but in reality 
very little pressure is employed. The principle on 
which the extraction is carried out may lie illustrated 
by liending a piece of orange j'leel, when a fine 
shower of oil and water will Ije seen to lie (‘jeeted. 
In }K*e]ing a lemon or orange, a little of the oil is in 
this way often ejected into the eye, causing consider- 
able pain. If a piece of s^xinge be jiressed on the 
liended jx'ol, the oil is absorbed, this lieing tlie 
method which goes by the name of the spvgtia ])roeess. 
'I'he }‘)eel of a lemon or orange is cut off in three 
slices by a workman, who passes them to an assistant 
sitting on a low chair, with a common quality b<ith 
sponge, worth about six|ience, in one hand. With 
the other, he jiresses the slice of jieiO against the 
sponge, pressing the edges of the )XM>1 only with the 
fingers, the objeet laeing to press the convex jnoce 
of jieel as nearly flat as jiossiblc. Tlie amount of 
, pressure used is very slight. The s})onge is ]>eriodi- 
eally squeezed, a workman by this method producing 
1^ lb. of oil of lemon per day. Another process is the 
scorzdia pnx'ess. The fruits are out into halves, 
the pul]i removed by a kind of spoon, and all parts 
of the peel are then pressed against a sponge by 
constantly turning it in the ])alm of the hand. The 
macMna piwcss is a me(‘hanical method ap])lied 
lirincipally to bergamot, as the round, regular shape 
of the fruil makes it very suitable for mechanical 
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treatment. A dozen bergamots of equal size are 
placed in a round oopjjer receptacle provided with 
a heavy lid, which rests on the fruit ; the interior 
of this receptacle is provided with fine, small teeth, 
and the whole revolves roimd an axis ; the teeth 
rasp off the outer layer of the peel, which contains 
the oil, and this pulp is filled into long woollen bags, 
from which the oil droyis on gentle pi'cssiire. 


Extraction by Solvents. Enfinrage [9] is 
a process employed for extracting the ^lerfume from 
flowers, and is applicable to those flowers like 
jasmin and tuberose, which contain only an 
insignificant amount of ]ierfume, but continue to 
develop and emit }wfume. A thousand kilo- 
grammes of jasmin by disf illation yield 178 grammes 
of essential oil, but by onfleurage 1,784 grammes 



aie obtained. The ])rocess consists m spreading 
n|>on glass trays, framed with wood, about 3 in. deep, 
a layer of sjiecially prepared fat, about \ in. thick. 
'Hie tray is then sjjrinkled with the flowers, which 
are renewed from day to day, the fat in time 
lieeoming saturated with the odour of tlie flowers. 
The ^x'rfume, or essential oil, is dissolved out from 
the fat by means of alcohol, forming an ixtrnd, but 
the })erfumed fat is sold as a }X)mnd> , In some 
factories, warm, melted fat is emiiloyed for extracting 
the odour of flowers, the heat being maintained at 
a definite temj'ierature. Volatile solvents are also 
employed instead of fat, examples of these l>eing 
lietrolcum ether, ebloroform, carbon bisulphide, 
•md metlivl chloride. 

The table ou next ))age gives the names of best- 
known essential oils, the sources, the i>arts yielding 
the oil^ and the use of the oil lieing briefly indicated. 

Various Aromatic Producv.3. BaJmm of 
(Blend and Balsam of dfrecu, oleo-resins. considered 
to lx* derived from Balsa mod endwtf gihadense, 
K until, or its varieties. When fresh, the olco-resin 
IS of the consistency of honey, of a gi-eenish yellow 
colour, and with a powerful, pleasant odour, recall mg 
that of rosemary. It is highly esteemed in the Ea^t 
as a cosmetic miguent. 

Balsam of Peru is a fragrant balsam extracted 
from the trunk of Mgroxylon pinircp, Klotzsch, 
whch grows in the western part of the State of San 
Salvador. It is a dark-brown, thick liquid, with a 
‘>«moky, balsamic odour, which becomes very agree- 
able when wanned. It is used in ointments ‘and in 
meense. 

Balsam of Tolu, is obtained by exudation after 
mcisioii in the bark of Myroxylon toluifera. It is a 
light- brown, soft resin, which becomes harder by 
age, but softens by the warmth of the hand. It is 
Used in fumigatmg eom]K)imd8, and largely in 
medicine as a cough remedy. 

Btnzolu is a gum obtained from tStyra.z benzoin. 
'There are two chief kinds in commerce, Sumatra 
and Siam. Both are imported in blocks, the Siam 
being the better on account of its delicate odour, 
recalling that of vanilla. Both yield benzoic acid 
when heated- Benzoin is used in incense, in medi- 
cine, and as an ingredient in face lotions. 

Camphor is derived from Cinnamomitm campliora, 
Neos and Ebermaier, by boiling the wood of the 
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K*UU(’ (if Eni^Mltiul (Ml 


Almond oil (bitter! 
Amber oil 
Ambrette seed oil 
(Musk seed) 
Anise oil . . 
Arnica rind oil 
Itasil oil . . 
lleecli tar oil 
iiergamot oil 
Birch Ur oil 
("ade oil . 
Cajuput oil 
Camphor oil 

Caraway oil 
CVirdanioni (*ll 
Cassia oil . . 

Cedar oil . . 
Celer>'oil 
Chamomile oil 
Cherry Laurel (nl 
Ciui^anumi oil 
Citronella oil 
Clov(* oil .. 
Copaiba oil 

Coriander oil 
Cubeb oil 
('umin oil 
Dill oil 

Kucalyptus oil 


Fennel oil 
Gaultheria oil (win- 
ter green) 
Geranium oil 
Guaiacuni oil 

Hop oil 
Horsemint oil 
Hyssop oil 
.luniperoii 
l^avemler oil 
Lemon oil 
Lemon grass oil . 
Limes oil . . 

Mace oil 
Marj(»ram oil 
Mustard oil (vola- 
tile) 

Myrcia oil (Bay cil' 
Myrtle oil . . 
Nutmeg oil 
Olibanum oil 
Oimponax oil 
Orange-flower oil 
(neroli oil) 

Orange peel oil . . 


Parsley oil 
Patchouli oil 
Pennyroyal oil 
Peppermint lal 
Petit grain oil 
Pimento oil 
Pine oil . . 

Kose oil (Otto of 
rose) 

Ttfisemary oil 
Bantal oil 
Hassafras oil 

Savine oil , . 
Spearmint oil 
Star anise oil 
Tansy oil . . 

Tar oil 
Thyme (»ll 
Tui^ntirie oil 
Vetiver oil 
Ylang-Ylang oil . . 


I Prunus amygdaliis, var. amara De (\ . . llosacea* 

[ Pinites sueeinifer, Goeppert (extinct).. Conifcra 

Abelnioschus moschatus, Moench * . . Malvucete 

I Piinpinella aiiisum, Linnc . . . . Umbellifera' 

Arnica inontana, Linii^ . . . . Compositse 

Ocymum basilicum, Linnc .. .. liabiatie 

Kagus silvatica. Linin' .. .. .. Cupulifera* 

Citrus bergamia. Risso et J*oiteau . . Butacea* 
Betuhi alba, Liim6 Cupuliferm 

.Tuniiwrus oxycedrus, I.iuiic . . Conifera* 

Melaleuca leucadendron, Linnc . . Myrtaceu' 

Cinnamomum campbora (binim). Ncc> Lauraeea* 

et Ebermaier 

( arum carvi. Linn^ T^mbelliferre 

Elattaria repens (Sonntirat), Baillon .. Scitaminerc 

Cinnanimmim cassia . . . . . . Lauracea* 

dunipcrus Vlrgiuiana, Lliine .. .. Conifera^ 

Apiuni graveolens, Lining . . . . Tlmbellifera* 

Anthemis nobilis. Liim^ , . .. .. Coinposita' 

Prunus lauro-cerasus, Liimc . . . . It 08 acea> 

Cinnamomum zeylanicum, Brcyn . . Lauracem 

Cymbopogon iiardus, Stapf Graminaccm 

Eugenia aromatica (Linid*), (). Kuntze Myrtaeeie 

Copaiba Langsdorfll (Desfontaines), O. Leguminacca* 
Kuiitze 

Coriaudrum sativum, Linnc .. .. Umbellifera' 

I*iper cubeba. Linn6 fllius . . . Pijieraceai 

Cimiinuni cymiimm, Limie . . . . Umbellifcra> 

Anetimm graveolens, Liune . . UmbelUfcrav 

Eucalyptus globulus, Labillardiere, E. Myrtacea^ 

Oleosa, F. von Mueller, and other 
species 

Feeniculum capillaceum, Gilihert . . Umbelliferio 

(iaultluTia procumbens, Liun(' .. Ericaceie 

Several species of pelargonium . . Geraniacem 

(ruaiacumotticinale, Linnc, and (Lsanc- Zygophyllacea^ 
turn, Linne 

Humulus Jupulus, Linnc .. .. Urticai'ea} 

Monarda iiunctata, Linnc ,, .. Labiata^ 

Hyssopus officinalis, Linne .. .. Labiata* 

Juniperus communis, Linne .. ..I (’onifera* 

Lavandula otficinalis, Chaix .. Labiata* 

Citrus limoiium, lOsso ' lUitacea* 


Part Yielding 
the oil. 

Uk,* Ilf the* Oil. 

seed 

flavour 

fossil resin 

medicine 

seed 

pertuiiie 

fruit 

medicine and flavour 

root 

medicine 

herb 

l>erfume 

tar from wood 

medicine 

rind of fruit 

perfume 

tar from wood 

perfume 

wood 

medicine 

leaves 

meilii'ine 

Camphor hy- 

iu<‘dicine 

jiroduct 

fruit 

medicine and flavour 

seeds 

flavour 

wood 

flavour and perfume 

wood 

jjerfiime 

fruit 

flavour 

flower heads 

medicine 

leaves 

flavour 

leaves and bark 

medicine and flavour 

grass 

perfume 

flower heads 

medicine and flat our 

oleo-rcsin 

medicine 

fruit 

meilieine and flavour 

unripe fruit 

medicine 

iniit 

medicine and flat our 

fruit 

medicine 

fresh leaves 

mediCMie 


Umbelliferio 
Erieacea* 

Gcraniaeem 
Zygophyllacea^ 

Urticaiea} 

Labiatai 
Labiata* 

(’oiiifera* 

Labiata* 

lUitacea* 

Cymbopogon flexuoeus, Stapf I Graminaeeie grass 

Citrus limetta/Bisso .. .. .. Rutacea* rind of fruit 

Myristjea tragrans, Houttuyu .. ..I Myrlstlcacea*, arillode of seed 

OrigaiiHin majorana, Linne .. ..I Labiata* herb 

I Brassica nigra (Linne), K(»cb .. .. Crucifene seeds 

{ Myrcia acris, D.C. . . . . Myrtaeeie leaves 

Myrtus eominuiiis, Linne .. .. Myrtaeea* leaves 

Myristica fragraiis, Houttuyu .. Myristieaceje seeds 

species of Boswellia . . . . Burseraceio gum ri'sin 

Opoponax cliironium, Koch .. .. Umbelliter® gum resin 

Citrus vulgaris, Risao Rutacea* fresli flowers 

( itrus vulgaris, Risso, or C. Auraiitium, Rutace.e fresh peel 

Linnc 

Iris germanica, Linnc, I. pallida, Lam., Iridacea* rhizome 

and I. llorentina, Lian^ 

Petroselinum sativum, Hoffinann , . Ibnbellifera' fruit 

I*ogosteinon iwtchouli, Pellet . . . . Labiata* leaves 

Mentha imlegium. Linin' . . . . Labiata* herb 

Mentha piperita. Smith . . . . . . Labiata* lierb 

(’itrus bigaradia, Duhamel .. .. Kutacea*. leaves and fruit 

Pimenta officinalis, Lindley . . . . Myrtacew nearly ripe fruit j 

Pinus silvestris, Linnf' Coniferee. leaves 

Rosa damascena, Mueller . . . . Rosacea* fresh flowers I 

Rosmarinus officinalis, Linne .. .. Labiatae. leaves 

,Santalum album, Xlnn(' . . .. .. Baiitalaeeie wood 

Sassafras variifolium (Salisbury), O. Lauracea bark of root 

Kuntzp 

Juniperiis Sabina, Linne .. .. Conifera' tops 

Mentlia viridls, Linne Labiata* fresh herb 

lllicium verum, Hooker fllius .. .. MagnoUaceee fruit 

Tanacetum vulgare, Linne . . . . Compf«ita5 herb 

Pinus palustris. Miller, aud otlier species Conifera* tar of wockI 

Thymus vulgaris, Linii^ . . . . . . Labiata* leaves and flowers 

Pinus i»alu8tr Is, Miller, and other species Conifera* oleo-resiii 

Vetiveria zizanioldes, Stapf. . . . . Graminacesp nmt 

Canangu odorato, Hooker fllius et Anonocea* flowers 

Thoinsou 


strobiles 

iierb 

lierh 

fruit 

fresh flowers 
fresh pft(*l 
grass 

rind of fruit 
arillode of seed 
herb 
seeds 

leaves 
leaves 
seeds 
gum r(*sin 
gum resin 
fresli flowers 

fresh peel 


medicine 

flowers 

perfume 

perfume 

flavour 

medicine 

medicine and flavour 
medicine and flavour 
medieiue and jierfume 
medicine and perfume 
perfume 
jierfume 
flavour 

medicine and flavour 
medicine 

ix'rfuiue 

medlrine 

flavour 

perfiimo 

perfume 

perfume 

Mavonr aud j[ierfiiiae 

l)erfume 

medicine 

l»erfume 

medicine 

medicine and flavour 
perfume 
medieiue 
medicine 

perfume aud flavour 

perfume and medicine 
medicine and i>erfume 
l»erfume and flavour 

medicine 

medicine 

medicine and flavour 
medicine 
medicine 
medicine 
medicine and arts 
perfume 
l>prfume 
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tree in woter, and leadhij^ the steniii (which contaiiis 
the camphor in the form of vapour) into inverted 
earthenware ))ots. It is re-sublimed in England by 
heating with qiiieklimc and charcoal, the vapours 
toing led into glass bell jars. Camphor is a white, 
tough, semi-crystalline solid mass, very soluble in 
alcohol, and slightly sohible in water. It finds 
numerous uses in perfumery and medicine. 

Frankincense tOn: Olibanum^m used principally for 
compounding incense for use in churches, it is 
obtained from various sp^^cics of Boswellia. 

Myrrh is a reddish oleo-iesin, obtained from 
Ualsamodendron myrrlw, Nees, much used in toilet 
l>erfumory. 

Storaxy or Sfyrax, is yielded by Styrax o/pcinalis, 
Linn. It is an opaque, grey, semi-fluid resin, of the 
('onsistency of honey, exported from Arabia. It is 
used ill incense. 

Tonka, or Tonqnin bean, is the seed of a legu- 
minous tree, Dipterit odorata, Willd., which inhabits 
(auiana and Venezuela. It contains about 1*5 pci 
('cnt. of an odorous principle, coumarin. Tonka 
bean is largely used to flavour tobacco, in sachet 
])owder, and for flavouring purposes. 

\aniila is obtained from VoniUa ^)lani folia, which 
IS grown in Mexico, Reunion, the Seychelles, and 
.lava. It is in the form of thin p<xls, fl in. to 12 in. 
long. The oi’omatic jirinciple, vanillin, occurs in 
ipiantities varying from 1 to 2 '75 i>er cent. It is 
also made artificially. Vanilla is used as a flavour 
for chocolate and confei'tionery, and in the com- 
])Ounding of numerous liquciu-s and perfumes. 

Perfumes of Animal Origin. Musk is 
obtained from tlie musk deer, Moschus moschiferns, 
Linn., in bags or pods, containing an average 
<|uantity of half an ounce. The pods are often 
.idulterated, the high price being a great incentive 
to sophistication. It is a most persistent perfume, 
and, like other animal perfumes, is much employed 
as a fixing agent in ixTiumciy. A tincture in weak 
alcohol, sometimes with the addition of a little 
ammonia, or fixed alkali, is the form in which musk 
is employed. Artificial musk is referred to in 
next column. 

Various animals give out an odour of musk. These 
.ire Ondrata zibethica (the Canadian musk rat). 
Mygalc moscovita (Russian musk rat), Sorex indiem 
(Indian musk rat), Bos moschitus ox), and 

\nte1ope dorcas, but they are very little employed 
in }^rfumery. 

(^ioct IS a secretion of the civet cat, Viverra 
ivetta and V. zibetha. The odour is more ])owTrfuI 
than musk, but its diffusiveness is not so great. 
On being much diluted, the odour of civet becomes 
bearable, and ev^en fragrant. 

Ambergris, the biliary concretion of the spermaceti 
whale {Physeter tnacrocephalus), is a product of 
disease. It has an odour recalling musk, but is more 
<lolicate. Its use is for giving permanence to other 
odours, and a handkerchief scented with ambergris 
retains the odour even after being washed. It is 
a rare product, but is occasionally found in large 
pieces by lucky whale fishers. Aml)ergris costs 
about £5 to £10 an ounce, but is often gi'ossly 
adulterated. 

Synthetic Perfumes. The modern in- 
dustry of manufacturing perfume from coal-tar is but 
a small part of the great triumphs which chemistry 
can claim to have achieved. Some of the most 
exquisite odours in modern perfumes are manu- 
factured entirely from aniline products, and although 
some perfumers allege that the natural floral odours 
have a bouquet which art cannot match, it is safe 
to say that Ihc popularisation of perfumery has in 


a great measure been brought about by the origin- 
ality of synthetic perfumes. 'Oil of almonds may be 
said to be the first sjmthetic odour. Mitscherlich, 
in 1834, discovering the exact counterpart in nifro- 
benzol — a coal-tar products Nitrobenzol is known 
as oil of mirbanc, and although the odour is the 
same as bitter almonds, its poisonous proprties 
prevent it lieing used as a flavour. Benzaldehydc is 
another artificial oil of almonds which is soluble in 
alcohol. These artificial products arc employed in 
])erfuming soap. Artificial vanillin, which repro- 
duces the odour of vanilla, was first made by 
Ticmann, in 1874, from coniferin, but now the most 
important method of preparing vanillin is by the 
oxidation of eugenol, the chief constituent of oil of 
cloves. The eugenol is first converted into iso- 
eugenol by treating it with caustic potash. The 
acetylation product is oxidised, by which acetyl- 
vanillin is chiefly formed, and this yields vanillin 
by splitting off the acetyl group. Vanillin is in 
fine white needles, }X)BHes8ing an intense odour 
of vanilla, and dissolves in alcohol, water, and 
glycerin. Covmarin is the peculiar odour of Tonka 
bean, which is employcil in making NcAV-Mown 
Kay ” perfume. It is now made artificially by the 
action of caustic soda on phenol, a sodium salt of 
salicylaldehydc being formed ; thi^ is .acetylated, 
and the acetyl eomywund, heated to a high tern 
perature, splits up into coumarin and water. Coii- 
inarin dissolves in alcohol and oil. a little oil Ixfiiig 
usually associated with it for fi\ing purposes. 
IJeliotropine, or pijieronal, is an artificial product 
with a delightful odour of holiotro^x. It was origin- 
ally made from piperine, the active p^’inciple of 
])eppor, but is now made from safrol, the principal 
eonstituen't of oil of sassafras. It is u^cd to make 
“ White Heliotrope” perfume. Anh* pine, or anisic 
aldehyde, is the substance used to crive ’* Mny 
blossom ” or “ Hawthorn ” perfume. L is obtained 
as a by-product in making coumarin, or can be made 
from aniseed oil. Cinnamic aldchifd<' is artificial 
cinnamon made by the action of caustic soda on 
benzaldehyde and acetic aldehyde. Ttrpineol is a 
liquid exactly reproducing the oiloiir of “ White 
J.<ilac.” It is made by the action c)f dilute sulphuric 
acid on toriiene hydrate. lonoin, or artificial 
violet, is the basis of the popular “Parma X'iolets ” 
|)erfiime. It was first made by Ticmann, in 1803, 
l>y submitting a mixture of citral (obtained from 
lemongrass oil) and acetone to the action of hydrates 
of the alkaline earths in the presence of water, and 
then converting the ketone-jiseudo-ionone into ionone 
by the action of dilute acids. It is sold commercially 
as a 10 per cent, solution, which is diluted to make 
violet j^erfume. Artificial mvsk was first made in 
1842 by the action of nitric acid on oil of amber, 
but the artificial musk of to-day is made by the 
Baur expired patent, and is a tri-nitro derivative of 
butyl toluol. It is a white crystalline powder, soluble 
in organic solvents. Artificial nrroli is the methyl 
ester of anihranilic acid, but other compounds are 
also sold in imitation of orange flowers. Other arti- 
ficial perfumes are amyl salicylate (resembling 
orchid and trefoil), benzyl acetale (like jasmin and 
ylang-ylang), geraniol (rose odour), rhodinol (syn- 
tlietic rose), and vetivol (like oil of vetiver). Many 
artificial ethers have the odour of fruits, and are 
employed m com]X)unding fruit essences for 
flavouring purposes and aerated waters. 

Analysis of Bsi^ntial Oils. The chief 
points in the examination of essential oils for the 
detection of adulterants are the determination of 
its specific gravity, refractive index, rotation, 
molting and solidifying ]>oint^, and boiling point, 
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The sj)eoifir jnavitv taken in a graduated 
8f>ecitic gravity. l)ottle of a capacity of 25 cc. or 50 cc. 
The bottle must be carefully cheeked, and allow* 
Riice made for any deviation from accuracy. The 
temperature of 00"^ F. or C. is that most con- 
veniently employed in this operation. The specific 
gravity of very small (juantitios of oil is determined 
in small 8]>rengel tubes. Tlie refractive index of 
an essential oil is determined in an ordinary spectro- 
scope. Tlie figme for the refractive index of essen- 
tial oils is always high, but on account of the small 
limits within which oils differ its determination is 
not of great practual value. The rotation of an 
essential oil is. however, of much ine in establishing 
identity and detectinc adulteration. The ]>olariscoi»e 
is** used for determining the rotation of an oil. the 
instrument being descrilied in the article on Sugar 
Analysi.s. The melting and solidifying points are 
determined by means of an accurate thermometer 
heat or a freezing mixture l>eingem])loyed according 
to the object of the tcsl. The boiling point is deter- 
mined by means of a thermometer, while, if the 
examination is directed to discovering the con- 
stituent fractions of an oil, spetdal fractionating 
llasks are employed. 

Detecting Adulterations. Fixed oils 
arc detected by placing a few drojis on a ])iece of 
absorbent yiaj^er. Essential oils evaporate and leave 
no residue, uhile a fixed oil leaves a greas}’ spot 
on the paper. Alcohol is detected by shaking the 
essential oil *>ith ten times its volume of water in 
a graduated lube. If the oil is apyireciably reduced 
in volume, the yircsence of a considerable quantity 
of alcohol mnv usually Ix^ inferred. Turyxntinc 
may be often detected by the yiolariscojx*. 

Perfume Recipes. The following are given 
as characteristic rccj|)cs for compound |>erfumes. 
1'hey show the method of preparing these products, 
and give an idea of how the various odours arc 
hlcndcd. The alcohol used is that known as recti- 
li«‘d grain syiirit. or deodorised alcohol, as it is 
iin]X)rlant that the basi.s shall be quite free from 
any odour tlint would modify the resulting yier- 
fume. 

LiurudiV }V(it(r. Oil of Entrlish lavender, 8 oz. : 
roscu’:\ter, 1 yiinl : alcohol. 8 [)ints. Distil till 
8 y»ints of yirodiu t is obtained, 

J'^in-dc-Viilognc. Oil of neroli, 3A oz. : oil of 
rosemary, l.l oz. : oil of orange |>ecl, S oz. ; oil of 
bergamot, H oz. : alcohol, 5 gallons. 

Hungary W aitr. Oil of rosemary, 1(1 dr. ; oil 
of lemon, dr. ; alcohol, IJ y»ints. 

1 foray WaUr. Oil of Ixjrgamot, 71 dr. ; oil of 
lemon, 5 dr. ; oil of lavender, 4 dr. ; oil of clovc'*, 

4 dr. : tinctiireof orris (1 in 4), 1 pint ; oranu**' 
flower water, 1 yiint ; alcohol, 2 y)int>, 

Jiovqvct. Otto of rose, 4 drop- ; oil of neroli, 

2 droyis ; eH.sence of musk (2 dr. in IT) oz. alcohol), 
40 drops : jasmin extract, ,5 oz. ; tincture of orris, 

8 oz. : alcohol, 4 pints. 

dorhey VIvh. Jasmin extract, 8 oz. : rose extract, 

2 oz. ; essence of musk, 2 oz. ; tinctiu’c of Tfmka 
bean (1 in 4). 4 oz. ; alcohol, 1 yiint. 

Whitc Lilac. Terpineol, 10 dr. : alcohol,! pint. * 
Opo]x>nnx. Musk, 1 oz. ; vanilla, 8 oz. ; Tonka 
beans, 4 oz. ; alcohol, 10 pints. Macerate a month. 


and add linctnrc of orris, 4 yiiiits ; millcfleur ex- 
tract, 8 oz. ; oil of orange yieel, 2 oz. ; oil of berga- 
mot, 2 oz. ; otto of rose, 1 J oz. ; oil of oj)oy>onax, 

1 oz. 

T1 7/ iVc JioMv. Oil of geranium, 40 droyis ; otto of 
rose, 100 drops ; jasmin extract, 4 oz. : tincture of 
orris. 4 oz. : water, 4 oz. ; alcohol, 1 y>int. 

Parma Videl. lonone, 3 dr. ; tincture of orris, 

10 oz. : chlorophyll, to colour ; alcohol, 30 oz. 
Ylang- Ylang, Oil of neroli, 0 droyis : oil of lemon, 

() di‘oyi8 ; otto of rose, 15 drops ; oil of ylang-ylang. 
50 dro))S : essence of musk, ^ dr. ; alcohol, 2 
pints. 

Florida fVatcr. Oil of lavender, I oz. : oil <d 
lemon, i oz. : oil of bergamot, i oz. ; oil of neroli, 

2 dr. ; oil of melissa, 1 dr. : otto of rose, 20 dro|>s ; 
alcohol, 3 pints. 

bay bum. Oil of bay, 1 dr. : oil of orangc-ya'c!, 
1 dr.: oil of yumento, I dr. : water, 4 yiiuts : alco- 
hol. 8 j)iiUs. 

Milhflvvr Sachet. Powdered orris root. H> oz. : 
musk, 5 gr. ; civet, 10 gr. : otto of rose, 20 dn>ps; 

011 of neroli, 20 droyis : oil of cloves. ! dr, : oil of 
bcifiamot, 1 di’. 

Pot-Pourri. Orris root, 1 oz. : vanilla. 1 07. ; 
cinnamon bark, 1 oz. : cloves, 1 oz. ; oil of lav(‘rKlcr, 
1(^ droyis, oil of neroli, 10 droy)*-. 

lurensp. Olibanuiii, 20 f»z. ; benzoin, 0 oz. ; 
storax. 4 

Books on Essential Oils. Books on tia 
subject of essential oils, wliich may l»c rccoin- 
monded. arc as follow : 

“ C'hcniistry of Kssenti il Oils and Artififial 
Perfumes." by F. J. Parry. I8t<0. (Scott, tJreeu- 
wood k Oo., London.) 

"Notes on Essential Gib," by T. H. W. T<li‘is. 
1\1.P., 1000. (Idris k Go., London.) 

*■ Die Atbcri^chen Oelc," by E. 0 i Idem e is ter and 
F. Hoffman, 1800. (Springer, Berlin.) 

An English translation is jrnblished in tl»»' 
Vnited Slates. 

“ Die Allierisclicn Otde,’* by F. \V. Semnder, 
BKK). Two volumes are now yinbliHhcd. (\‘on 
Vert k Go,, Ixiyizig.) 

" I.CS Hnilcs Essent idles," by K. Gharaliot. d. 
Duyiont, and L. Fillet, 1800. (Beranuer, Pariv.) 

Books on Perfumes. 1’reatiseson perf' lines 
include the following : 

’‘Perfumes and tlieir IVepaiations," by (J. 
Askinson, 1802. (Spon, liondon.) 

" JjCm Parfums Art iticicls," by E. (’harabot, 
JWO. (Bailliore, Paris.) 

"Art of Perfumery," l\y G. H. Picssc, I8t»l 
(Pies.se k Lubin, London.) 

*‘ Book of Perfumes," by lOngcm' Kimmd, 18<IH. 
(Ghapman k Hall, Loiubm.) 

"Treatise on Perfumery," by B. S. Gri<tiarii, 
1877. (Sampson Low, Marston, J.<()mlon.) 

” Odorograyihia : Natural History of Raw 
Materials and Drugs used in tlie Perfume Industry." 
Two volumes, 1804. (Gurney, London.) 

" Essays on Gertain Processes and Pioduets of 
Perfumery," by M. A. Tlicidier and Iff. d. B(Klie, 
UK)5. (Lautier, Grasse.) 

" Die Synlhetisehen uml Isolirteii Aromatiea," 
J. M. klimont, 18t>t). (BaUlamus, Leipzig.) 
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WHAT ARE WOMAN’S RIGHTS? 

Group 3 

SOCIOLOGY 

A Woman’s Education. The Woman’s Movement at Home and Abroad. 

9 

The Rights of a Woman are to be a Woman, not to be a Man 

Colli imitil fif.iii 


p.>lf0 4W*H 


By Dr. C. W. SALEEBY 


The Womanliness of Woman. Tt 

has been maintained by some that any edin a- 
tion of woman is undesirable, since it tends 
to make her discontented with her piojH^r 
position and duties. At the other extrenu^ is 
the notion that woman ought to be subjected to 
an educational discipline similar in kind and in 
amount and in rigour to that which is now 
undergone by men. We have .st‘en that tho 
consequence of this is simply defeminisntion. 
What, then, are we to regard as the tru(‘ rights 
of woman in this res])ect ? 

It will surely be evident to the readei that any 
laying down law^ as to details would be mon- 
strously absurd, for individual women vary at 
least as much as individual men. But we ran lay 
down certain jwinciples. The first unquestionably 
is that any form oj education which tends to produce 
a wonian who is no unmian is idcious and false. 
It is no less vicious and false than would >>e a 
mode of education which produced men w ho were 
no men. Provided, however, tliat this fatal 
mistake is not made, as it has lately been matl(' 
in America, we cannot for one moment deny the 
right of women to a liberal education, including 
even wliat is called higher education. It s dangers 
must be recognised from the first. Tt must be 
adapted to the peculiar needs and jK^culiar 
psychical tendencies of the female sex. Neglect 
of these precautions has led in America to the 
most disastrous results, which have lately under- 
gone critical statistical examination. Tlie subse- 
quent history of thousands of college-trained 
girls has been examined. It is found that the 
marriage rate among them is abnormally low ; 
that those who do marry are relatively incapable 
of bearing children, and that of the few^ wlio bear 
children only very few are able to nurse them. To 
state these facts is, of course, to condemn such 
education outright. On the other hand, there are 
numerous instances which fortunately prove 
that when the higher education of woman is 
undertaken with duo })iecaution8, it is jwfectly 
compatible with the retention of womanliness. 

Each Sex is Necessary to the Other. 
Dr. Clouston has pointed out tkat “ it is the most 
nervous, excitable, and highly-strung girls who 
throw themselves into the school and college com- 
petition most keenlj% and they, of coursiN are 
just those most liable to be injured by it. Girls 
take a personal animus more than laxJs, and do 
not take a beating so quietly. The whole thing 
takes greater hold on them, and is more real. . . . 
Young women at adolescence are apt to have in 
large degree the feminine pow’er of taking it out 
of themselves more than they are able to bear 
for long. Womanhood is apt, after sucli educa- 
tion, to be entered wfith a handicap. Nature has 


not got the material nor the force to build up the 
form tow^ards the fair woman's ideal, and there- 
fore personal beauty and grace of movement 
have not been attained to the extent that might 
have been. A store* of latent energy, sufficient 
for future use, should liave been laid up all this 
time for woman's special work, for motherhood, 
and for the race of the future. . . . Once 

fully formed as a woman, she can then stand 
much. She is capable of taking up any role that 
falls to her, whether it be t(*acher, daughter, or 
mother. Whether she is an actual mother or 
not^ she is infinitely the better for hnviuq the full 
caitacity of motherhood. ' 

These facts have to be recognised by tin* prac- 
tical .sociology of the future in its attempt to find 
out. the true spheres and work of each .sex, and to 
regulate our social system in accordance with 
that knowledge. We must entirely abandon and 
repudiate the notion that there should he any 
rivalry between the two sc‘xes — *’ one of the 
most preposterous and unscientific feelings that 
has ever been expressed. Each sex ha.s a ))lace 
.ukI a work which the other cannot do. Each 
is necessary to the otlu'r ; each completes vhe 
hHppine.ss of the other. ’ 

The Value of Education to a 'Woman. 
Having insisted upon our principles, let us con- 
sider the j)er.sonal and sociological value of the 
rational education of woman, with the under- 
standing that at the end of the })roeess she is to 
remain a woman, and not to be a sexless creature 
for whom no name exists in our voeabulary. 

In the first place, we mu.st recognise the gi cnt 
))e]‘.sonal value to lh(‘ woman herself of larger 
interests and knowledge. 'Phis adds to the value 
of her life, and tends to relieve her from the 
opprobrium of being i>etty-minded and a gossip. 
Men have always blamed w'omi*n for this ten- 
dency, but if men limited their own education, 
as they have liinit(*d woman's education in the 
past, they also would become ]XJtty-minded 
gossips. What do uneducated men talk about */ 
•Secondly, we must observe that the adequate 
education of woman is of the utmost value in 
relation to marriage and the family. If the 
1 ducat Ion be mjn than adequate, marriage, the 
lamily, and the race sufier. Mental characters 
t^nd to be transmitted in tin* same proportion 
as bodily characters. This has been proved 
by Mr. Francis Galt on and Professor Karl 
Pearson. Tt follows that the mental evolution 
of the race, wdiich is the only kind of evolution 
that matters, wall unquestionably be hastened by 
the choice of the more intellectual Tather than 
the less intellectual women as the mot hoi's of 
the future. This proposition offer-s a fatal objec- 
tion to the over-education of voriicn. The 
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disHstrous course has been followed in America, 
and is now being followed by us, of choosing the 
most intelligent girls and then submitting them 
to a disci]^^^ which makes them incapable 
of motherhood Obviously, no more fatal 
proceeding could be imagined. Other things 
being equal, every society wants the most 
intellectual Avomen to be the mothers of its sons 
and daugliters, so that their mental powers may 
be transmitted to future generations. A form 
of education which takes the women most valu- 
able for motherhood, and then makes them 
incapable of it, stands self-c ondemned 
Over-education and Under-educa- 
tion. An equally important consideration for 
those who think closely enough depends upon 
the changes uiiieh over-education produces in 
woman's physique. Our quotation from Dr. 
Clouston shows that her “ personal beauty and 
grace of movement " arc interfered w^ith. She 
therefore l)eeomes less attractive to men, who 
for ages to come will certainly continue to choose 
their partners largely on physical grounds. Thus, 
over-education not only tends to make a uoman 
incapable of maternity, but, as experience has 
shown, very seriously reduces her chances of 
obtaining the opportunity for maternity. 

us row, on the other hand, observe the 
consequences of under-education in relation to 
marriage and the family. The first unquestion- 
able fact is that, as men become more and more 
educated, they become less and less content vith 
physical attractions, and those alone, in their 
partners. They Avant intellectual as Avetl as 
physical companionship. The smallest acquaint- 
ance with the social life of ancient Greece will 
remind us of the danger to monogamy Avhich is 
inA’oh'ed in the marriage of a\ holly uneducated 
dolls, while the company of brilliant and highly- 
educated women is to he found outside the 
marriage bond. Tlie adequate education of 
Avomen is therefore earnestly to he desired in the 
interest of marriage. It is also earnestly to he 
desired in the interests of the children of such 
marriages. If biography proves anything AAhat- 
ever, it is that a promising hoy can ha\^e no 
better advantage than the possession of a loving 
and educated mother. Such mothers haA^e again 
and again well and truly laid the foundiitions 
of the education which has afterANards Inought 
their sons to eminence. 

An Educated Woman’s Value to 
Society. Finally, let us endeavour to appre- 
ciate the value for society at large of the adequate* 
education of women. Very numerous instances 
may be cited, but we cannot do better than accord 
the first place to the case of medical women. An 
most people know, the endeavour of women to 
obtain m^ical education was strenuously fought 
in the seventies of last century. There still liA^es 
the distinguished lady, Mrs. Garrett Anderson, 
AA'ho, in 1865, obtained the first medical qualifi- 
cations gained by a woman. The medical 
education of women is capable of serious abuse 
in accordance with what we have already said. 
Not a few women injure themselves by their 
keenness and some are defeminised, though the 
woman’s blood in most of them will not be con- 
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quered. But it is now certain not only that 
women are capable of the necessary education — 
capable both intellectually and physically, and 
most conspicuously capable morally — but also 
that such women may be of the utmost value to 
society at large. There are very many kinds of 
medical work for which a woman is pre-eminently 
suited, nor are we thinking merely of the A^ork 
which approximates to nursing. 

Women and Vital Problems. The 
Council of the London School of Medicine for 
Women has lately stated that “as time goes 
on the peculiar fitness of highly- trained medical 
women for public service will become more and 
more apparent.” We may take it as certain that 
the medical inspection and supervision of sehool- 
childi‘en Avill shortly be established in this country. 
The necessity for it and its value have long been 
beyond dispute. Noav' it has already been shown 
that for this kind of Avork. which is of sucli 
importance to the community, medical women 
possess a very special capacity and fitness. 
Again, there is the great problem of infant mor- 
tality — one of the greatest national problems to 
be faced by an empire with a home and colonial 
birth-rate continuously and rapidly falling. 
MeaiiAvliile our infant mortality is as high now 
as it AA'as sixty years ago, and it is practically all 
prcA^entablc. It has been proA^ed by the energy 
and philanthropy of Mr. Benjamin Broadbent, 
the Mayor of Huddersfield, that, at the first 
attempt, the infantile mortality can be hahed 
by the employment of medical Avomen “ avIiosc 
duties are to give the mothers advice to 
the nursing and rearing of their childre.^S'Uo 
encourage them in every Avay to follow Nature's 
method of bringing up their own children, and to 
inquire into infantile deaths in their districts.” 
The National C’onference on Infantile Mortality, 
held in London in 11K)6, passed the following 
resolution : “ That, in the opinion of this 

Conference, the appointment of qualified Avomen, 
specially trained in the hygiene of infancy, is 
necessary as an adjunct to public health work.” 

A Necessity for Civilisation. Those 
Avho watch the signs of the times are convinced 
that in a very few years such AA^omen will be 
employed in every city, tOAvn, and hamlet in the 
land, doing the work of keeping babies alive — 
which women have been doing, and women alone, 
ever since babies were in\ented. Experience 
proves that no man, hoAATver tactful and skilful, 
can possibly meet with similar success in work 
of this kind. A woman w ill listen to a w oman 
on such matters, when she will not merely ignore 
a man but Avill deeply resent his interference. 
In addition to this public work, it is quiti* 
certain that, even in private practice, there arc 
ATiy many cases, such as child-birth and the 
diseases of children, for which Avomen are very 
specially fitted. The higher education of women 
for this profession, when conducted with reason, 
and when the subjects are well -chosen, ha.s 
conclusively proved itself to be of the very 
greatest value to society, and this value will 
become more apparent as time goes o;i. 

D must be freely admitted that it is only 
pa • Nature, and not really obeying her. 
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for a u’oman to look after another woman’s 
children instead of her own, and the higher 
tnlncation of women for the purpose of following 
any profession, •even including that of medicine, 
will always be open to such a criticism. Never- 
theless, as we have seen, the higher education of 

omen, at any rate to an extent corresponding 
to an ordinary University course in Arts, is abun- 
dantly justifi^, and ind^d may be regarded as 
necessary for the continuance of our civilisation. 

Services Lost to the State. Now, we have 
to remember that the average expectation of life 
of women has markedly increased during the 
last few decades — being now, indeed, higher than 
that of men. Hence there are now great numbers 
of women, active physically and mentally, who 
have passed the child-bearing period, and for 
whom society, as at present constituted, makes 
little provision — its failure to do so injuring 
ilself also. Our civilisation is producing many 
women who cannot content themselves with the 
ordinary vegetative processes of eating and sleep- 
ing and sitting in the sun, such as satisfied their 
ancestors. The woman who has led a busy life 
in the control and direction of her home and 
chfidren finds herself destined to pass her 
declining years in the home of a married child, 
perhaps, where she has no duties of any kind to 
prform. The best thing that can happen to her 
is that she shall soon have grand- children to 
think about and help to care for. There is a 
very definite and very much to be pitied class 
of the community for whom, only quite lately, 
and only among the most advanced nations, 
is any adequate mental o(’cupation provided — 
the elderly women, whose children have taken 
wing, but whose activities, especially their 
mental activities, are potentially unabated, but 
have nothing to act upon. They have experience, 
patience, insight, and their invaluable feminity ; 
but society does not yet choose to avail itself of 
them. As the years advance such women run 
a great risk of becoming self-centred, losing their 
sense of proportion, and, since they have nothing 
worth while to concern themselves with, worrying 
about things that are not wortli while. 

The Injustice of Oxford and Cam* 
bridige. A more sensible society would recognise 
and utilise the social worth of such women. In 
this coimection it is pitiable to note that recent 
legislation (1899) has temporarily cut such w^omen 
ofi from certain forms of municipal service. Such 
a retrograde step, however, cannot long be 
accepted. Women of this class, who, as we have 
said, are becoming increasingly numerous, fur- 
nish a most valuable complement to men in 
various forms of administration, just as the 
mother furnishes a valuable complement to the 
father in the administration of a family. 

In this country women still labour under 
very serious disabilities imposed by men. After 
a very long fight they have at last obtained for 
themselves the right of higher education. They 
can obtain degrees in arts and medicine from all 
the universities in this country except Oxford 
and Cambridge. Our two oldest universities, 
though they wrill permit a woman to avail 
hei^w'lf of their educational opportunities, will 


not accord her any recognition of her work 
other than the receipts for her gratefully accepted 
fees. This disgraceful fact applies not merely to 
degrees in medicine, but even to degrees in arts. 
Thus we recently had the extraordinary sjx'c- 
tacle of a woman being placed above the Senior 
Wrangler in the Mathematical Tripos at Cam- 
bridge, and yet being compelled to leave the 
University without the degree which was readily 
conferred upon men to whom she could give a 
start of ninety marks in a hundied and a beating. 
No respectable argument has yet been advanced 
in favour of this quite monstrous distinction. 
It is amusing to observe, however, that the 
authorities of Trinity College, Dublin, now 
confer arts degrees upon women who have 
qualified for them at Oxford or Cambridge. As 
finance is thus introduced into the question, 
there is some hope that the argument thence 
derived may move the authorities in whom tJie 
sense of justice and the sense of humour seem at 
present to be so deficient. 

The Legal Injustice to Women. But 
the university disabilities of women affect only 
tJie very few, and, after all, do not affect them in 
any vital manner. Wc must now consider a 
number of much graver disabilities under whicl 
women still labour on account of their sex and 
that alone. The number of these has certainly 
been greatly reduced since attention was s( 
conspicuously drawn to them by the famous 
little book, “ The Subjection of Women,'’ pub- 
lished by the great sociologist, John Stuart Mill, 
in 18fi9. This work has lately been reissued, 
and can be purchased for a few pence. There 
still remain, however, some conspicuous injus- 
tices. Of those, the most conspicuous are to be^ 
found in the divorce laws. The lunacy law' also 
makes invidious and unjust distinctions, and so do 
the laws relating to libel and slander. Tlie same 
is true in the case of contract law— “A wife cannot 
bind her husband’s estate, but a husband can 
bind all his wife’s property not being her separate 
estate.” A man may sue in the High Court 
without giving security, whereas a woman may 
not. The criminal law distinguishes in favour of 
men in regard to misbehaviour on the streets. 
Company law shows similar inequalities. 

Penalising Women Workers. Women 
workers are at a grave disadvantage compared 
with men workers as regards their hours of laboui , 
though this case is in a different category beeaust‘ 
the restrictions on w^omen’s labour have all been 
devised in thoir own interest. But an essential 
injustice is involved in the fact that the w omen 
are allowed no voice in the making of these law s. 

As regards wages for woik, w'omcn suffer 
severely, quite independently of the quality or 
quantity of work that they do. They are paid 
less, simply because they are women. This is 
countenanced not merely by an enlightened 
body, such as the Manchester Education (’om- 
mittee, but also in the Government services, such 
as the Post Office, where “ women are invariably 
paid less than men for precisely the same w ork.” 

There is at present before Parliament a pro- 
posal — the Local Authorities (Qualification of 
Women) Bill — which proposes to remove a host 
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of disabilit ieei under vomen labour in 

regard to public work. Says Lady Grove 
(“Fortnightly Review,” July, 1906): “It will 
enable electors to place directly elected women 
on education authorities, and to secure their 
services in other matters of local government, 
such as the housing of the £X)or, the looking after 
public lodging-houses, the management of the 
female side of lunatic asylums, the regulation of 
the employment of children, provision for the 
prevention of cruelty to children, the supervision 
of indiisti-ial schools (containing children from 
thit'e yeai-s of age), the supervision of midwives 
and of baby farms, of homes for inebriate women, 
of police coui’ts and police court waiting-rooms 
(outside the metropolis), and generally to secure 
their co-operation in matter? relating to the 
public health. Could v\omen ask to be allowed to 
do an>i;hing more womanly, more sane, more 
profitable to themselves and those they are 
willing to serve than to fulfil the offices above 
enumerated ? That they have done it well is 
not only not disputed, but pecans of praise are 
raised by all intelligent, honest men nho have 
worked on public bodies with women.” 

It may be thought that Lady Grove is a biassed 
witness, and therefore we may quote the opinion 
of Lord Reay, C’hairman of the late London 
School Boart., who, after describing the invalu- 
able work done by a lady for that body, says : 
“ It should further be noted that much of the 
work described could only be done by a lady, 
and that the exclusion of ladies would deal a 
fatal blow to the efficiency of this Board.” 


The ** Woman Question ” Abroad. 

Certainly Lord Hobhouse seems to have been 
justified in using the term “ criminal imbecility ” 
describe the action of the late Government 


in refusing i 


to allow the State to profit by this 
^d source of public beneficence 


almost unlimik-.^yy.T<^o P«W c 
which is at pr<.>scm -t lying idle, absolutely wasted. 
And, as has been miustioe to the State 

is almost greater tluv, injustice to women 

B'efore we considcKi^ ilie present form which the 
woman question has t^vken in this country, it will 
be well for us to m-qiltaint ourselves witli the 
extremely interesting mdl'i^^ment among women 
on the Continent, notablv-P m Germany. We 
shall see that this has take jn a form of its oivn 
and further, we shall see tha,j, t that form can find 
abundant biological warrant. It is, in the first 
place, not at all what we Ux uderstand m this 
country by a “ woman s rights L^j^iovement. It 
does not concern itstdf with the oc^^itaming of the 
franchise, but “is based on the dt^'mands of the 
woman as mother,” and “so far ^^from making 
as its ideal the imitation of men, ba^ ses itself on 
that which most essentially marks th^jC woman as 
unlike the man.” The most characte^ristic organ 
of this movement is called Mnttersef ^vtz--w\iiQh 
means the protection of the mothe^r. In dis- 
cussing the main characters of thi^ mov^nent 
we are indebted to a recent article bly Mr. Have- 
lock Ellis. He takes as its spokeSifcWoman the 
Swedish woman Ellen Key, who at outset 

«eeks to distinguish her ends from tiive aim of 
women in America. Shc^ will have nothumg to do 
with the tendency for woman “ to seek yo cap- 
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ture the activities which majr be much more 
adequately filled by the other sex, -while at the 
same time neglecting the far weightier matters 
that concern her own sex.” She declares that 
such women are birds that may have a gorgeous 
plumage, but cannot sing. “ Man and woman 
are not natural enemies wlio need to waste their 
energies in fighting over their respective rights 
and privileges, but in spiritual and in physical 
life they are only fruitful together.” Ellen Key 
regards the elevation of the race through their 
influence as the proper fimction of women in 
society, and Mr. Havelock Ellis has pointed out 
the manner in which her ideas are complementary 
to those of Mr. Francis Gallon, to whose “ Eugc 
nics ” a reference has been made inPsYCHOLOOV. 

The Proper Sphere of Women. 
We would desire the reader to pay special 
attention to the main characters of the 
feminist movement in Germany, because it is so 
admirably in accord with the fundamental facts 
of biology. What could possibly be wiser, for 
instance, than the recognition of the fundamental 
truth that “ women must use their strength in 
the sphere for which their own nature fits them. 
Even though millions of women are enabled to 
do the work wbiclvmen could do better, the gain 
for mankind is nil The physical and spiritual 
elevation of life is women’s supreme work, and 
to send them away bom the home to do men's 
work is, she declares, as foolish as to set a 
Beethoven or a Wagner to do engine driving.” 

We cannot do better than quote the conclusion 
of Mr. Havelock Ellis's valuable article. Speak- 
ing of the women of Germany, he says : 

“ They are not imitating the methods of their 
Anglo-Saxon sisters ; they are going to w^ork in 
their own way. They are spending very little 
energy in w'a\fing the red flag before the fortress of 
male monopoly. They arc follow ing an emotional 
influence which — strangely enough, it may seem 
to some — finds more support from the biological 
and medical side than the Anglo-Saxon mo vement 
has been able to win. From the time of Aristo- 
phanes downw'ards, whenever they have demon- 
strated before the masculine citadels, women have 
been roughly bidden to go home. And now, here 
in Germany, where of all countries that advice has 
been most freely and persistently giv^n, women 
are ado})ting new' tactics ; they have gone home. 
Yes, it is true, they say in effect, the home is our 
sphere. Love and maiTiage, the bearing and 
training of children — that is our w'orld. And 
wc intend to lay down the laws of our world.” 

The Protection of Motherhood. W> 
may briefly note the directions in w'hicli in 
various parts of the world society is beginning 
to pay proper attention to the protection ot 
motherhood. Only the smallest beginning has 
yet been made by legislation, and we have to 
recognise that, as is hinted by Lady Grove, there 
tends to be a conflict of interests, some declaring, 
for instance, that the law' which does not permit 
a woman to work in a factory until three months 
after the birth of a child constitutes a handicap 
and an injustice, while others w'ill regard it as a 
protection of the woman by society. We may 
certainly take it, however, that before very long 
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we shall recognise the wholly vicious character may vote for war but may stay at home. To the 
of married woman’s labour, and even before that present writer, at any rate, this argument is 
is generally recognised, we shall at least follow in absolutely incomprehensible. It seems to him 
this country the example of Switzerland, where that woman suffers more than man from war, 
no pregnant or nursing woman is allowed to work even though she does not herself bear arms ; 
for several weeks before or after her confinement, and that, on the whole, her votes would tend 
There is at the present time in this country a to be cast in favour of peace — notwithstanding 
great deal of opinion in favour of the establish- the apparent assumption that, if she had a vote, 
ment of municipal creches, and of school meals she would be liable to vote for war, knowing 
for children, on the ground that infants and that her own skin was not threatened. Further, 
children cannot properly be attended to by it seems to him that women perform services to 
mothers who have to work in factories or else- the community at least equal in value, though 
where outside the home. Without entering into different in kind, to the services of the soldier, 
any argument for the present as to such institu- and it seems to him to be a novel reading of 
tions as the municipal creche or the school meal, history to suppose that the men who make wars 
we must at least go back to our first principle are commonly to be foimd in the fighting line, 
that neither the municipality nor the school, but Would the Franchise Spoil Women ? 
the family, is the unit of the State, and that the There may, of course, be sound arguments, 
tendency indicated by these devices is in the unfit for laughter or tears, against the admission 
direction of weakening the family, strengthening of women to the franchise if they desire it ; but 
the 'deadly grip of married women’s labour upon if there are 8U(*h arguments, it is a pity that they 
the heart of society, and cannot be regarded as are not brought forward into the light. That 
in any proper sense a means of relief or protec- which we have examined is apparently regarded 
tion for mothers. It only tends to make more as the most valid one. Those commonly 
secure the bonds of their imnatural slavery. adduced have only to be named to be scorned. 

The Difference Between the English Exponents who have never said a word against 
and German Movements. In this country married woman’s labour, or who themselves 
the woman question is very different indeed in employ such labour, will be heard declaring that 
form from that which we have seen in Germany, if a woman votes — the process occupying one 
It cannot claim, as can the German movement, morning, say, in five years — she will be unable 

hearty medical and biological support. The to attend to her own business. Let those who 

rights for which the women tend to fight in this know Staffordshire and Lancashire appraise this 
country are not the rights of a woman to be a argument at its due worth. There is also the 
woman, but, apparently, the rights of a woman argument that women are incapable on intel- 

to be a man. That, perhaps, expresses accu- lectual groimds. Let those who know for what, 

rately enough the difference between the English and against what, the men of this country have 

and the German movements. This is the more voted in times past contemplate this argument, 

remarkable, perhaps, because woman has There is also the argument that intermixture 

obtained a far greater proportion of her political with politics causes feminine deterioration. This 

rights in this country than in Germany. But is commonly advanced by distinguished persons 

there is no need to linger any longer at the out- whose wives are Primrose Dames 1 

skirts of the question ; let us frankly ask our- The Best Women Will Use It. 
selves what opinion, as sociologists, we can form If it were to be the case that the possession of 

as to the question of. the franchise for women. the franchise would turn into political nuisances 
There is not the slightest hope of women obtain- women who would otherwise be happy and useful 

ing the franchise in Germany for many a long wives and mothers, no further discussion of the 

day, and they do not even seem desirous of question would be possible. But where is the 
possessing it ; but in this country the franchise psychologist to be foimd who would suppose 
is the centre of their ambition, and therefore the that such a radical change could be so vTought ? 
question may be stated in the simple form : Are Indeed, when women’s franchise is a fact it will 
men wise and right in denying te women what doubtless be found that a very large number of 
they formally ask for ? It is admittedly a case women do not want it, and will not use it, 
of the exercise of male power. Is it warranted ? as in New Zealand. This, by the way, has been 
Should Women Vote ? Now, this is a advanced as an argument for the exclusion from 
question on which opinions will differ for perhaps the franchise of women who do want it. The 

another generation, and we have to recognise argument is in worthy company and may pair 

that sociological opinion is divided. Here, the off with that which avers that the giving of a 
present writer can only state what he believes vote to wives would lead to the disruption of 
to be true and reasonable arguments. Herbert many happy homes ! It will doubtless be found 
Spencer, who can be instantly acquitted of any that the franchise is chiefly exercised by that class 
bias against women by all who know his ideal of elderly, sober, experienced women for whose 
of womanhood and his wTitings, was of opinion potential activities society makes so little pro- 
that women were not entitled to the franchise vision at the present day. To suppose that their 
because they cannot bear arms. This objection influence would not make, on the whole — as it 
is frequently quoted even at the present day. does now with less effect — for that righteousness 
The man who votes for war knows that he may . which alone exalteth a nation is to be offen 
have to go and fight himself; whereas woman sivelyignorant, or still more offensively dishonest. 

Continued 
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By W. S. MURPHY 


IN the year 1813, Jolin L<'ver8, a loom builder 
* of Nottingham, took out a patent for im- 
provements to be applied to the lace loom. 
The main idea of Lovers was to obtain full 
control of every part of the machine. As a 
means of effecting his purpose, he placed all 
the bobbins in one tier, a thing which Heath- 
coat had seen to be an advantage, but des- 
paired of accomplishing. Simple though it 
seems, this alteration involved considerable 
changes in the structure of the loom and in 
the form of the bobbins and carriages. Most 
important of all, it opened up the way to the 
application of the jacquard to 
the lace loom. Desiring to place 
double the number of bobbins 
in the same space as those on 
the bobuin-net machine. Levers 
needed carriages half the thick- 
ness of those used by Heathcoat. 

To put twenty to thirty car- 
riages bearing bobbins contain- 
ing thread within an inch of 
space required very fine work- 
manship on the carriages and 
immovable steadiness in the 
structuie of the loom. That ^ WarpftoU^r 
Levers accomplished his purpose j? 
was largely due to the fact that c €^^09 mwL 
he had the services of Thompson, Bobbins 
an unrivalled mechanic and ^ Locktrs. 
himself an inventor of no mean ^ 
ability. In structure and work- y i\,vi 2 s 
manship the bobbin and carriage 
of the Levers loom set a high 224, 
standard, which has ever since 
l)een maintained. In its first 
form the Levers loom was a circular machine 
of which we give a diagram [224], illustrative 
of its details. As will be observed, the car- 
riages, G. differ in shape from those of the 
later machine, and the warp guides, F, act in 
place of the slide bars. 

The Standard Lace Loom. Every 
practical man knows that there are other looms 
in use besides the Levers patent. For plain 
mesh and curtains these fine machines are not 
necessary, and we have consequently many 
cheaper looms of simpler construction. We 
think, however, that a thorough study of the 
Levers loom, as improved by many inventors 
during the nineteenth century, and with the 
latest jacquard appliance, is the shortest way 
of acquiring a working knowledge of lace 
machinery and manufacture. 

Bobbin and Carriage. Taking the weft 
first, we shall see it safely put into the loom, and 
then look to the warp. The carriage [225] is a 
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piece of fine steel, shaped like a truncated 
triangle, with the base extended and made 
circular. From the extensions at the base two 
horns, C, come up, the purpose of which is to 
catch into the holders of the landing-bars within 
the combs. The centre of the steel plate. A, is 
cut out in the form of a circle, with the imder 
half flanged. At the side of this circular hole a 
nibbed spring, B, is riveted. Through the head 
of the plate a small thread-hole, D, is drilled 
In this shape the carriage is ready for the bobbin. 

Winding the Bobbins. Some of these 
looms employ as many as 3,000 bobbins at once, 
and use the thread with which 
they are filled with great 
rapidity. A quick bobbin- 
winder [226] was thus required, 
and came forth in such efficient 
shape that hardly aqy altera- 
tion has been made on it during 
the past sixty years. At the 
end of the winder a warp beam, 
A, is slung, it^ motion controlled 
by two cone pulleys, d e, so that 
its speed may be graduated as 
the warp is driven off. Prom 
the beam the threads are led 
across a blackboard through a 
series of brass guides, h c, and 
on to the bobbins, a, closely 
set on a spindle, B, extending 
from the driven pulley, C, at the 
side of the frame. This spindle 
is square, and fits through a 
square hole in the centre of the 
bobbin. It is needless to re- 
mark that driving force is thus 
acquired without further trouble. As many as 
,300 bobbins can be wound on this machine with 
the greatest accuracy, the stop motion so common 
to all yarn -winding frames being fixed in it. 

Filling the Carriages. Insertion of th( 
bobbins into the steel carriages is not a ver} 
simple operation, though performed by boys 
Fillers must be very swift and dexterous. Hold 
ing back the spring, the lad adjusts the doubh 
disc in the flange of the circular opening in th( 
centre of the plate, draws forward the spring 
and brings the thread through the small hole ii 
the top of the carriage. This done, he slings i 
on a wire for bearing to the loom. 

Combs and Bars. Excepting that the 
are finer and more accurately balanced, th 
combs [224 K] and landing-bars of the Levei 
loom differ little from those of the bobbin -n< 
loom already studied in detail. 

Warp. Having placed the weft in positioi 
we must now look to the warp and its controUir 
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appliances. It may have been, and in practice 
always is, put into the loom first ; but that 
does not concern us. Here we come upon 
an essential difference between the Levers lace 
loom in presant use and the bobbin-net loom. 

The warp of the latter was wound on one beam, 
while the warp we are now examining is divided 
up into portions and wound on many beams. 

Tin tubes about 2 in. in diameter, 
with gudgeons on each end, these 
warp rollers may be wide or 
narrow, numerous or few, accord- 
' ing to the pattern to be woven, /f 

for at this point in the lace loom / I 
we encounter the principle which /f/ ^ \ 
every weaver in all the textile 

trades must thoroughly under- 4 ^ 

stand. The manner in which it — 
is woven determines the length of i 

warp taken up. Different pat- ^ Carriage. 
terns take up different lengths. ^ 

Warps which vary in the take-up 226. bobbin . 
cannot be drawn from the same of leve 

beam, therefore we require at least 
as many warp beams as the pattern uses differ- 
ently. A very elaborate pattern may require as 
many as 300 warps, or warp rollers, piled up in the 
bottom of the loom in tiers of 100 each. On the 
other hand, a narrow lace, in which there are 100 
warp threads, suid woven 60 breadths in the loom, 
has 6,000 warp threads in all ; but the variation 
in the pattern cannot affect more than 100 
threads, and, therefore, 100 warp beams, contain- 
ing 60 threads each, will be sufficient. When the 
proper number of warp beams have been placed 
in the loom, the tension springs and weights are 
adjusted according to the amount of slackness or 
firmness each different thread must possess — 
according, that is, to the length of thread to be 
given off at a time. Then the threads are led 
through the slide bars and up on to cloth or 
work beam. ^ 

Slide Bars. Slender 
strips of fine steel, per- ^ | ^ 

forated for the passage | 

of the warp threads, the 
slide bars extend through — 

quard guides hold them, 

These bars perform in 226. bobbin- winding machine 
the lace loom the same 

office as the healds in an ordinary cloth loom. 

Each bar is threaded only by those warp threads 
designed to act in the same manner throughout 
the whole pattern. Being very slender, as many 
as 100 can act within an inch of space. As the 
slide bars can be moved either backv ards or for- 
wards over a considerable space, they impart to 
the warp a wonderful mobility. 

Point Bara. Once again we find appliances 
already utilised in almost the same manner in 
the bobbin-net loom. One thing is to be noted, 
however. Because the slide bars and the 
jacquard make play on the warp threads, the 


A Carriage. B. Sprui^ 

C. DrtoumgUpohM D.Jiolc forThro€uA 

225. bobbin and carriage 
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duty of these bars (224L) is somewhat lessened. 
In the main their office is to lift up the course 
of twisted weft threads to make room for the 
next course. 

The Lace Jacquard. In the opera- 
tion of the jacquard we obtain the clearest 
view of the action of the slide bars, and under- 
standing thereof. We must first note that the 
lace-loom jacquard differs in 

3 = — ^ slmost every particular from the 

apparatus of the same name and 
^ principle used in cloth weaving. 

\ Here are no cords, no hooks, no 

\ lifting gryfe, and no sets of 

\ ^ pendant wires. The jacquard 

is placed at the side of the 
— — — '''**^ \ loom. As a rule, the jacquards 

on the fancy lace looms arc 
double ; sometimes a third is 
Spruiff introduced to manipulate the 

Jiou for Thread, thick threads which so often 

ND CARRIAGE border designs. For our pur- 
s’ LOOM pose, the double machine will 

serve. 

Cards and Cylinders. About 30 in. 
long and 2J in. wide, the cards are perforatcKi 
vith as many holes and as variously as the design 
requires. Strung into the form of an endless 
belt, the cards are hung on sexagonal cylinders, 
which sit within the frame of the machine. The 
cylinders are actuated by a rocking shaft, which 
turns and alternately raises and lowers them, 
enabling them to bring the cards into contact 
with the wedges which act on the needles, or 
slides, and at the same time change the cards. 

Wedges and Needles. On each jac- 
quard there is a series of five wedges, graduated 
in size from one capable of making a slide bar 
pass two threads to one with the power of 
covering eight such spaces. The ends of the 
wedges are rounded to fit into the perforations 
p ^ g of the cards, and they 

^ arc held in place by 
small flat springs. As 
^ the cylinder moves up 
^ with the card, all the 

^ 5 wedges which have no 

corresponding hole in the 
card, act on the needles, which in 
turn communicate the motion to 
the slide bars, and shift the warp 
^ threads one, two, four, or as many 

“ gates ” as may be desired and 

MACHINE designed. 

M inor Parts. By means of cross 
bars and springs the working parts of the jacquard 
are kept in position and receive movement. The 
slide bars have studs upon their ends which grip 
into the wedges described. The whole mechan- 
ism is enclosed in a very strong frame, which 
obviates the risk of vibration. 

The Lace Loom in Operation. Having 
obtained a knowledge of the parts of this machine, 
we can now observe its working with interest 
and understanding. When the loom starts, the 
jacquard brings the foremost card into position 
and the cylinder rises, acting on the needles and 
wedges which draw the slide bars in the ^ arious 
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degrees of obliquity. At the same time the 
l>obbins and carriages are crossing from side to 
side, leaving }>ehind them filmy lines of twining 
and twisting thread, mingling in mayy order 
with the pulsing threads of warp. Considering 
the manipulative power exercised by the 
“ shogging ” comb bars, the changing carriages 
and the slanting slide bars, one almost believes 
that the fingers of the pillow-lace mfiker haVe 
lieen for ever superseded As each line forms, 
the point bars gently lift the threads up towards 
the cloth beam to leave room for the coming 
course. When it is considered that all these 
movements are completed in the space of half 
a second, and constantly repeated, the effec- 
tive productiveness of the lace loom may \)e 
imagined. 

The variety of laces produced can hardly be 
calculated, and the delicate fabrics we show [227J 
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have been photographed from the 
ordinary productions of a lace factory. 

A Fine Machine. During the 
past forty years little or no advance 
has been made in the general structure 
of the Levers loom. The loom we have 
examined has some improvements on 
the original machine, but these relate 
mostly to the jacquard and the equi]i- 
ment for power driving. The mam 
structure remains almost the same ns 
when Levers left it. Written more 
than forty years ago, this description, 
by Felkin, is, in its main particulars, 
true to-day: “Levels’ machines are 
made as coarse as five-point gauge and 
as fine as fifteen-point. A ten -point 
gauge requires 20 warp thi’eads to the 
inch when a full warp is wanted In 
this there will be 20 bobbins and 
carriages in the inch single tier on 
the central comb bar Besides these, 
in making fancy goods, there will be 
thick threads moved greater or less 
distances sideways, according to the 
weight on each thick thread beam Of 
these there may be 40 or more to the 
inch. Where there is no net in the 
ground there will be no warp. The 
lace is produced in that case simply 
by the gaiting (shogging) movements 
from side to side of the thick threads, 
and the twisting movements of the 
bobbins and carriages to and fro as 
they pass through and around the thick 
threads. The machine will make 80 or 
100 of these backward and forward 
movements in a minute, with their 
(omplement of relative motions, or 
«ibout 1 in in length, of closely woven 
lace, the whole breadth of the machine, 
however wide, in each minute ’ 

Curtain Looms. An important 
branch of the lace trade is cuitain 
manufacture For Ihe highest class of 
(ui tains, the loom we liave just been 
studying is used ; but for the cheaper 
class of work an older model of the lace 
loom IS employed Upon these looms 
the jacquard apparatus is hung above the cloth 
l>eam. just as in an ordinary weaving loom 
»But a curious difference occurs, which will be 
leadily ajipreciated Instead of coming straight 
down, each cord dii'cctly to its warp thread, the 
(•Olds are crossed, the obvious effect being that 
the perpendicular warp threads nre pulled aside 

to the extent desired. £ 

in other respects, 

these looms arc sim- ^ T' 

pier. Guide bars are r> 

substituted for the * 

«ide bars, and instead 228. hall s oassino 
of the numerous small apparatus 

warp beams, one beam supplies the warp for each 
breath of curtain. For the rest, the cUmlnon 
curtain loom differs veiy little from its superior 
fellow. Some of the curtain looms are very large, 
the largest weaving 10 curtains in one breadth. 
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Inspecting and Darning. The imishing 
proper is very seldom done in the lace factory. 
Two separate processes are involved, the one 
being canied on in the bleaching works, and tho 
other in the warehouse. One finishing operation, 
however, must be done in the lace factory, and 
that is the inspecting and darning. The newly 
woven fabrics are carried on the beams into tho 
inspecting room. The beam is slung on the one 
side of a smooth table. At the other side tho 
inspector stands, and draws the lace over tho 
smooth surface, marking eveiy blemish as it 
appears. Thus marked, the laces are passed over 
to the darners. At one time, all the darning 
was done by hand ; but now sewing machines 
are employed which imitate accurately the 
meshing of the lace. If tho pattern is seriously 
defective, tho hand darner must be called in to 
supplement the machine. 

Lace Bleaching. This is a distinct branch 
of tho bleaching trade. It is much shorter than 
the ordinary bleaching process. The object of 
tho lace bleacher is simply to give a pleasing 
white colour. Chemical purity is not aimed at. 

Gassing. Gassing is practised by nearly 
every textile manufacturer ; but it was specially 
invented foi lace by Samuel Hall, of Nottingham. 
Even after hot-plate singeing tho lace retained 
a cloudy appearance, because of the gauzy nature 
of the fabric, showing all round the threads. A 
flame which would go through the fabric was 
needed, and this Hall accomplished by inventing 
an apparatus which drew the gas up through tho 
lace [228]. His invention was crude, and it has 


long been superseded by appliances more accu- 
rate and scientific ; but the principle remains 
the same. Two essentials are common to all the 
forms of gassing machines — the decarbonising of 
the gas by mixing air with it, and the rapid 
passmg of the fabric, B, through the flame, A. 

Bleaching. Every bleacher has his own 
favourite method and materials for whitening 
lace goods. Various formulae are given in tho 
Dyeing section of this course. Our duty is 
simply to observe closely the practical opera- 
tions. Steeped in bleaching liquor for a period 
varying with the weight of the fabric, the lace 
is washed clear of the liquor in circulating vats. 
Gently squeezed from surplus water, the lace is 
taken from the washing machine and laid m the 
dollying tubs. The model most approved is a 
round tub in which smooth-faced beetles lift 
up and down on the fabrics immersed in a solu- 
tion of soap and blue. The tub goes round, 
the beetles tread the liquor through the lace. 
A pair of rollers at tho side of the tub, when the 
dollying is complete, give the lace a parting 
squeeze, sending the liquor back into tho tub 
and the lace out into the trolleys which bear the 
filmy mass off to the washing troughs. These are 
wide tanks ingeniously arranged. A constant 
circulation of water is kept up, by the equal out- 
flow of dirty water and the inflow of clean water. 
The laces enter at the side of the outflow, and 
pass round rollers, which bear them onwards to 
where the clean water is pouring in. Thus 
cleaned, the lace goes into the drying -room, 
where in a high temperature, and by drying 
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machines, centrifugal or stove, they are made dry. 
The newest form of contrivance is the horizontal 
irying machine [229], in which the lace is wound 
roimd heated cylinders. 

Starching. Fine point and pillow laces 
are usually starched by a hand process. On 
tables covered with smooth canvas, the starch, 
made up of fine wheat extract, alum, and smalts 
bhie, is thinly spread with brushes. Then the 
lace is carefully laid on, and brushed down 
^mooth. With heavily-figured laces this is par- 
iciilarly effective, the figures showing out very 
^vhite and the meshing appearing slightly shaded 
ivith blue. Heavy curtains and other factory 
aces are put through the starching machine. 

Stentering. After starching, it is essen- 
ial that the laces 
ihould be at once 
«et into the proper 
hape. Lace de- 
■)end8 for its l)eauty 
argely on the man- 
ler in which the 
breads are set. 

[he veaver and 
lesigner can pro- 
’ide us with certain 
orms and oom- 
linations, but 
hese must lie 
onfirmed in thu 
inishing. In this 
iroeess, the sten- 
ering room is very 
mportant (hri- 
lusly enough, stentering machinery such as 
^ used m many cloth factories was not 
avoured by the lacc finisher for a long time ; but 
he same kind of machine 1 230] is now in exten- 
ive use. Lace stentering is practically a hand 
•roc ^ss. The frames are wooden rails, fitted with 
['rew? so as to be gradually extended Within 
he rails little hooks are set On these the 
tenter workers link the luce web, and stretch 
. out, assisting to free the threads which may 
ave knotted by beating with long wands on the 
tented fabric. When a good piece has been got 
n the frame, the screws arc brought to l>ear, 
nd the frame widened out to the proper stre^ ch 
f the lace. This must be done with great care, 

1 that all the threads may lie straight, and 
['cording to design. Means are usually provided 
) make the stent/cring room a drying room as 
ell. In some places great fans revolve above 
le stentering tables, while steam pipes round 
le sides make heat. Other finishers put the 
ns and the steam pipes under the stentering 
ames. 

Spraying, Calendering, and Press- 

ig. Tliese operations have already been 
udied at some length in the cloth -finishing 
‘ction, and need hardly be gone over again, 
he instruments are the same, though in prac- 
cal handling attention must be paid to the 
shcate character of the fabric. 

Warehouse Finishing. When the lace 
IS been well dressed, it is not ready for the 


market. Edgings, trimmings, frills, and all that 
numerous range of laces so daintily fit for decking 
the attire of ladies, are woven by the web, and 
have been dressed in that condition. The warp 
threads connecting one strip of edging with the 
other have to be drawn,” and the strips sepa- 
rated. This Avoik is often given out to home 
workers - 

Dressing. Some of the finer classes of lace 
are dressed in the warehouse. The process is not 
unlike the starching already noted. In an industry 
produc'ing so vude a variety of fabrics no common 
routine can be prescribed. Many Nottingham lace 
manufacturers combine dressing with stentering. 
The girls hook the edges of the lace on to the 
frame, lay the starchy substance along the edges, 

and spre ad it 
across the whole 
breadth v 1 1 h 
brushes. 

Mending. The 

loom is not yet a 
perfect machine, 
and its produce 
partakes of the im- 
perfection incid(‘nt 
to most things 
earthly. Threads 
break, loops slip, 
and stitches miss 
The menders who 
remedy these de- 
fects are practically 
skilled lacemakers ; 
they fill in with 
the hand what parts of the fabric the loom 
has loft out. 

Clipping, Scolloping, Grafting, Braid- 
ing. Most of the finishing processes of lace 
manufacture are skilled operations which can 
bt‘ learned only ]>y practice. By means of 
sewing machines, the curtains are edged and 
braided, the borders grafted, and the embroi- 
deries put on the plain nets, or the initials and 
other ornaments inserted into the lace handkei- 
chiefs Here, the sewing machine manufacturers 
have scored an undoubted triumph. By means 
of special needles and guides on the sewing 
machine, the lai*e embroiderer is enabled to 
produce figures and traceries with great rapidity 
and accuiacy. 

General Warehouse WorK, The organ- 
isation of a lai'e warehouse is a matter of no 
little difficulty. It is worth noting that most 
of the large warehousemen are old firms, which 
ha\c grown up with the industry. Thus, depart- 
ment has been added on to department as the 
]>ftsiness has developed. In the multiplicity ot 
small departments it is easy to lose money 
V ithout perceptible fault on the part of anyone. 
For it must be noted that these warehouses 
employ machinery of various kinds besides 
sewing machines capable of even making lace. 
Taping, scolloping, tucking, pressing, and wind- 
ing machines make up miles of laces of various 
kinds and breadths. Making-up laces is a 
special branch, requiring taste and skill. 
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A uctioneering is a profession which may be 
said to have been born of Commerce. Where 
there is barter there will be an auctioneer, and from 
the inherent desire of us all to obtain the best market 
value for that which we wish to sell, it is but 
reasonable to suppose that the profession of auction- 
eering is one which may expect the support of 
traders in all times. 

The vocation is essentially one for the man of 
education. The curriculum of any ])ublic school 
forms the finest groundwork upon which the 
training may be founded — that is to say, the 
instruction which is obtainable on the commercial 
side of such school. Our student should write 
well and fluently, and his training will be moat 
usefully supplemented by a course of typewriting 
and shorthand. A young man requires, further, 
a natural aptitude for quickly grasping situations, 
an abundance of tact, and some ability to face an 
assemblage of his fellow men. In this respect, 
advantage may be taken of the opportunity of 
entering a debating society or a local Parliament, 
as it will be found that the experience in public 
speaking gained in this way is highly beneficial. 
One has but to be a fluent and quietly convincing 
speaker to command attention. It is superfluous 
to remark that energy, perseverance and intention 
to succeed are half the battle, and a scrupulous 
regard for truthful and straightforward dealings 
should complete one’s initial stock-in-trade. 

Entering an Office. The all-important 
business of entering an office will next command 
our attention. Our beginner should ask himself 
whether he prefers a town or country practice, 
and, whatever the choice, ho should endeavour to 
enter an office where he is likely to gain a good 
all-round experience. Those who are able to 
afford a fee for articling should know that there 
are some self-styled auctioneers whose very ex- 
istence depends upon their obtaining articled 
pupils. Of practical work there is little to be 
found in such offices, and it is wise to seek a well- 
known firm, in one’s locality, for choice, which 
apparently offers the most advantages. The best 
course to pursue is to enter a firm with a fair all- 
round connection, and to work one’s way up. 
This is the best test of aptitude, and the market 
is not overcrowded to the man who can honestly 
say: “I know every stage.” 

Salaries. Regarding remuneration, an arti- 
cled clerk is usually paid from 8s. to 12s. weekly, 
but this is governed by the amount of premium 
paiA and general ability shown. A lad may enter 
an office at anything from 6s. to 8s. weekly, and 
may work his way up by stages to the position of 
improver, earning perhaps ISs. or £1 weekly and 
commission, at the end of, say, three years. The 
comiMission to a young man of ability will make 
a very fair showing, and if he be thrifty, and 
fortunate enough to be with a firm doing a fairly 
extensive business, he may, during the course of 
the ten years which he must expect to devote to 
his business before launching out on his own 


account, put by enough to start him in business. 
So, then, he becomes a junior and senior clerk in 
turn, earning from SOs. to £11 a week, according to 
his ability ; and, in the course of time, he may bo 
earning anything from £150 to £250 a year in 
salary and commission as a managing clerk. 

It is not necessary to give particulars of the 
office routine, but it should be said that our junior 
must master the use and indexing of the various 
letter copying books and understand the standard 
system of filing, docketing and indexing. He must 
be wholly systematic in all things, and should pay 
the very greatest care to detail. Order in an 
auctioneer’s office is absolutely essential, and one 
must pay strict attention to instructions, for a 
mistake in a small matter may prove costly. 

The Inventory. During the course of his 
early career a beginner will doubtless have to accom- 
pany his senior to make an inventory. He must 
not despise the inventory : it serves as a good 
stepping-stone to the making of the catalogue, 
and therefore its points should be closely noted. 
The occasions which call for an inventory are 
many. It is required upon the letting of a furnished 
house, a copy being made for the incoming tenant 
to sign, one being retained by the auctioneer to 
enable him to check the contents of the house at 
the expiration of the tenancy. One is also required 
to be taken of any furniture comprised in a valua- 
tion for probate ; for attaching to a fire policy 
to settle disputes arising on claims ; on the outgoing 
of the owner of a business where he sells his chattels 
at a valuation, also in partitioning goods upon the 
demise of a late owner. 

Armed, then, with the familar inventory book, 
we proceed to, say, a house of fair size. A note must 
bo made of the place of visit and the ])urposc 
thereof, the date and the name of the clerk making 
the inventory. This is written at the head of the 
page, and, after making a general survey of th(* 
premises, we proceed to the top floor of our house 
and begin with the minor rooms, usually bed- 
rooms, and work our way down the house, floor 
by floor, room by room. I’liere is a method in 
making an inventory, as will be seen. We start 
with the most important room on the flooi, naming 
it Left Front, Right Front, or Back, as the case 
may be, which designn lions are intended to be 
self-descriptive, or, in the case of a larger house, 
by its number and situation, if it be in the main 
building, right or left wing ; so that if our inven- 
tory comes into use at a future date, it will be 
an easy matter to recognise the various rooms. 

Procedure. The procedure differs in some 
firms, but the object is to make a list of every article 
the house contains. We begin, then, with the carpet, 
rugs, the fireplace furniture, followed by the window 
furniture, the suite and any other articles upon 
the floor and those around the room against the 
walls, beginning, for this latter item, on the right- 
hand side of the door as one goes into the room. 
We finish up with the pictures, china, and wall 
ornaments in the same order. In the case of 
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machines, centrifugal or stove, they are made dry. 
The newest form of contrivance is the horizontal 
drjdng machine [ 229 ], in which the lace is wound 
round heated cylinders. 

Starching. Fine point and pillow laces 
are usually starched by a hand process. On 
tables covered with smooth canvas, the starch, 
made up of fine ^\heat extract, alum, and smalts 
bhie, is thinl> spread with brushes. Then the 
lace is carefully laid on, and brushed down 
smooth. With hea^^ly- figured laces this is par- 
ticularly effective, the figures showing out very 
uhite and the meshing appearing slightly shaded 
with blue. Heavy curtains and other factory 
laces are put through the starching machine. 

St entering. After starching, it is essen- 
tial that the laces 
should be at once 
set into the proper 
shape. Lace de- 
pends for its beauty 
largely on the man- 
ner in which the 
threads arc set. 

The weaver and 
designer can pro- 
vide us with certain 
forms and com- 
binations, but 
these must l)e 
confirmed in th^ 
finishing. In this 
process, the sten- 
tering room is very 
important. C'uri- 
ously enough, stcntcring machinery such as 
is used in many cloth factories was not 
favoured by the lace finisher for a long time ; but 
the same kind of machine 1 230] is now in exten- 
hi'’e use. Lace stentering is practically a hand 
proc \ss. The frames are wooden rails, fitted with 
screws so as to Ik* gradually extended Within 
the rails little hooks arc set On these the 
stenter workers link the lace web, and stretch 
it out, assisting to free the threads which may 
have knotted by beating with long wands on the 
stented fabric. When a good piece has been got 
on the frame, the screws are brought to bear, 
and the frame widened out to the proper stretch 
of the lace. This must be done with great care, 
so that all the threads may lie straight, and 
according to design Means are usually provided 
to make the stentering room a drying room as 
w'ell. In som^^ places great fans revolve above 
the stentering tables, while steam pipes round 
the sides make heat. Other finishers put the 
fans and the steam pipes under the stentering 
frames. 

Spraying, Calendering, and Press- 
ing. Tliese operations have already been 
studied at some length in the cloth-finishing 
section, and need hardly be gone over again. 
The instruments are the same, though in prac- 
tical handling attention must be paid to the 
delicate character of the fabric. 

Warehouse Finishing. When the lace 
has been w^ell dressed, it is not ready for the 


market. Edgings, trimmings, frills, and all that 
numerous range of laces so daintily fit for decking 
the attire of ladies, are woven by the web, and 
have been dressed in that condition. The warp 
threads connecting one strip of edging with the 
other have to be “ drawm,” and the strips sepa- 
rated. This work is often given out to home 
workers. 

Dressing. Some of the finer classes of lace 
are dressed in the w^arehouse. The process is not 
unlike the starching already noted. In an industry 
producing so wide a variety of fabrics no common 
routine can be prescribed. Many Nottingham lace 
manufacturers combine dressing with stentering. 
The girls hook the edges of the lace on to the 
frame, lay the starchy substance along the edges, 

and spre ad it 
across the wliole 
breadth with 
brushes. 

Mending. Tlie 
loom is not yet a 
perfect machine, 
and its produce 
partakes of the im- 
perfection incident 
to most things 
earthly. Threads 
break, loops slip, 
and stitches miss 
The menders who 
remedy these de- 
fects are practically 
skilled lacemakors ; 
they fill in with 
the hand what parts of the fabric the loom 
has left out. 

Clipping, Scolloping, Grafting, Braid- 
ing. Most of the finishing processes of lace 
manufacture are skilled operations which c.in 
be* learned only by practice. By means of 
sewing machines, the curtains arc edged and 
braided, the borders giafted, and the embroi- 
deries put on the plain nets, or the initials and 
other ornaments inserted into the lace handkei- 
ehiefs Here, the sewing machine manufacturers 
have scored an undoubted triumph. By means 
of special needles and guides on the sew'ing 
machine, the lace embroiderer is enabled to 
produce figures and traceries with great rapidity 
and accuiacy. 

General Warehouse Work. The organ- 
isation of a lace W’arehouse is a matter of no 
little difficulty. It is worth noting that most 
of the large Avarehousemen are old firms, which 
ha\c grow'n up wuth the industry. Thus, depart- 
ment has been added on to department as the 
business has develoi>ed. In the multiplicity ot 
small departments it is easy to lose money 
without perceptible fault on the part of anyone. 
For it must be noted that these warehouses 
employ machinery of various kinds besides 
sewing machines capable of even making lace. 
Taping, scolloping, tucking, pressing, and w^ind- 
ing machines make up miles of laces of various 
kinds and breadths. Making-up laces is a 
special branch, requiring taste and skill. 


Continued 
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A UCTIONEERING is a profession which mav be 
said to have been born of Commerce. Where 
there is barter there will be an auctioneer, and from 
the inherent desire of us all to obttxin the best market 
value for that which we wish to sell, it is but 
reasonable to suppose that the profession of auction- 
eering is one which may exj^ect the su^iport of 
traders in all times. 

The vocation is essentially one for the man of 
education. The curriculum of any ])ublic school 
forms the finest groundwork upon which the 
training may be founded — that is to say, the 
instruction which is obtainable on the commercial 
side of such school. Our student should write 
well and fluently, and his training will be most 
usefully supplemented by a course of typewriting 
and shorthand. A young man requires, further, 
a natural aptitude for quickly grasping situations, 
an abundance of tact, and some ability to face an 
assemblage of his fellow men. In this respect, 
advantage may be taken of the opportunity of 
entering a debating society or a local Parliament, 
as it will be found that the experience in public 
speaking gained in this way is highly beneficial. 
One has but to be a fluent and quietly convincing 
speaker to command attention. It is superfluous 
to remark that energy, perseverance and intention 
to succeed are half the battle, and a scrupulous 
regard for truthful and straightforward dealings 
should complete one’s initial stock-in-trade. 

Entering an Office, The all-important 
business ot entering an office will next command 
om attention. Our beginner should ask himself 
whether he prefers a town or country practice, 
and, whatever the choice, he should endeavour to 
enter an office where he is likely to gain a good 
all-round experience. Those who are able to 
afford a fee for articling should know that there 
are some self-styled auctioneers whose very ex- 
istence depends upon their obtaining articled 
pupils. Of practical work there is little to be 
found in such offices, and it is wise to seek a well- 
known firm, in one’s locality, for choice, which 
apparently offers the most advantages. The best 
course to pursue is to enter a firm with a fair all- 
round connection, and to work one’s way up. 
This is the best test of aptitude, and the market 
is not overcrowded to the man who can honestly 
say: “I know every stage.” 

Salaries. Regarding remuneration, an arti- 
cled clerk is usually paid from 8s. to 128. weekly, 
but this is governed by the amount of premium 
pai(i and general ability shown. A lad may enter 
an office at anything from 58. to 8s. weekly, and 
may work his way up by stages to the position of 
improver, earning perhaps 158. or £1 weekly and 
commission, at the end of, say, three years. The 
cooQCiniission to a young man of ability will make 
a very fair showing, and if he be thrifty, and 
fortunate enough to be with a firm doing a fairly 
extensive business, he may, during the course of 
the ten years which he must expect to devote to 
his business before launching out on his own 


account, put by enough to start hijn in business. 
So, then, he becomes a junior and senior clerk in 
turn, earning from SOs. to £3 a week, according to 
his ability ; and, in the course of time, he may be 
earning anything from £150 to £250 a year in 
salary and commission as a managing clerk. 

It is not necessary to give particulars of the 
office routine, but it should be said that our junior 
must master the use and indexing of the various 
letter copying books and understand the standard 
system of filing, docketing nnd indexing. He must 
be wholly systematic in all things, and should pay 
the very greatest care to detail. Order in an 
auctioneer’s office is absolutely essential, and one 
must pay strict attention to instructions, for a 
mistake in a small matter may prove costly. 

The Inventory. During the course of his 
early career a beginner will doubtless have to accom- 
pany his senior to make an inventory. He must 
not despise the inventory ; it serves as a good 
stepping-stone to the making of the catalogue, 
and therefore its points should be closely noted. 
The occasions which call for an inventory arc 
many. It is required upon the letting of a furnished 
house, a copy being made for the incoming tenant 
to sign, one being retained by the auctioneer to 
enable him to check the contents of the house at 
the expiration of the tenancy. One is also required 
to be taken of any furniture comprised in a valua- 
tion for probate; for attaching to a fire policy 
to settle disputes arising on claims ; on the outgoing 
of the owner of a business where he sells his chattels 
at a valuation, also in partitioning goods u])on the 
demise of a late owner. 

Armed, then, with the familar inventory book, 
we proceed to, say, a house of fair size. A note must 
be made of the place of visit and the purpose 
thereof, the date and the name of the clerk making 
the inventory. This is written at the head of the 
page, and, after making a general survey of th(‘ 
premises, we proceed to the top floor of our house 
and begin with the minor rooms, usually bed- 
rooms, and work our way down the house, floor 
by floor, room by room. There is a method in 
making an inventory, as will be seen, Wc start 
with the most important room on the floor, naming 
it Left Front, Right Front, or Back, as the case* 
may be, which designations are intended to be 
self-descriptive, or, in the case of a larger house, 
by its number and situation, if it be in the main 
building, right or left wing ; so that if our inven- 
tory conies into use at a future date, it will bo 
an easy matter to recognise the various rooms. 

Procedure. The procedure differs in some 
firms, but the object is to make a list of every article 
the house contains. We begin, then, with the carpet, 
rugs, the fireplace furniture, followed by the window 
furniture, the suite and any other articles upon 
the floor and those around the room against the 
walls, beginning, for this latter item, on the right- 
hand side of the door as one goes into the room. 
We finish up with the pictures, china, and wall 
ornaments in the same order. In the case of 
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the bed-rooms, it will be found ex})edient to deal 
M’ith the bed and bedding just after the window' 
furniture has been noted and before dealing with 
the suite. 

This method applies to all rooms, and it will be 
found that with a little practice the missing of an 
article will be a rare occurrence. After a few 
preliminary visits of the nature mentioned, the 
student will be enabled to attempt an inventory 
on his own account, and if he faithfully adhere to 
his sj’^stem, the attack of even a mansion, with its 
walls covered with bric-a-brac, will not prove an 
impossible task. 

Our beginner must take careful note of the 
descriptions applied to the various articles, and 
their period. He must learn to distinguish Tmkey, 
Axminster, Brussels and tapestry carpets, rugs 
and mats. He must become an adept — in the 
course of time — in describing the woods and chinas 
customarily found in an ordinary house : he must 
be able to differentiate between cloth, damask, 
tajiestry, silk, embroidery, lace and the like, and 
he must not be disheartened at the a])parent 
magnitude of the task. 

Information in Catalogues. Wo can- 
not hope to convey anj substantial idea of the 
multitude of difleront descriptions which an 
.luctionecr daily calls into use: but we can, and 
shall, point the direction wdience the required 
information may be gradually assimilated by our 
]iupil during his early days. He should not be 
above studying the contents of the leading furnish- 
ing and dry good' firms, and he may gam a mine 
of information from a w'ell- arranged, illustrated 
list of any such house, especially when it is 
borne in mind that these catalogues are jiropared 
by men of long experience. In making catalogues, 
to which we shall presently allude, one may even 
quietly take a leaf from th(* book of the head 
porter, w'ho is usually a man of wide ex]3erience in 
descriptions of furniture and such things. In 
short, he must consult every available fount of 
information, using only the Imowledge he acquires 
from hearing tlie inventory made by hi«; senior 
ns the foundation for further information. Our 
rising knight of the hammer must remember that 
he, of all men, must not only know the proper 
description to be applied to everything, but, in 
the course of time, will be required to offer expert 
opinion as to its value. 

After the visit to the house just referred to, wc 
shall require a fair copy in duplicate of the list of 
articles. This is done in the office on sjiecially 
ruled forms of inventory pajicr, familiar in every 
firm, and on this a title-] lage is set out giving the 
addreas, purpose, name of firm making the inven- 
tory and the date, followed by a careful de.scrip- 
tiou, copied from the inventory book, of all article^ 
properly allocated to their resjx*ctivc rooms. In 
this list, both sides of the pai>cr arc written upon, 
and the whole is bound up in a cover of the same 
size as the paper, bearing an index label. 

We have now^ dealt with one of the most trouble- 
some rant ters te a new-comer into the business; 
but, with care, knowledge will gradually assert 
itself, and if a point is made of never applying a 
description until one is assured of its accuracy, 
jiroficicncy will be all the sooner gained. 

Cataloguing. Cataloguing is the mode of 
assembling furniture for the purposes of sale. In 
the auctioneer's profession the catalogue is some- 
what similar to the inventory, the same system 
I>eing adopted in regard to its compilation, with the 
important difference that the articles enumerated 
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are colU'cted together, accurately described, in 
the form of a “ lot ” which, in the opinion of the 
auctioneer, will constitute a saleable ])arcel of 
goods at auction. The rooms are taken in the 
order and method named for inventories, the 
goods described, and a rough catalogue made 
out on single sheets of foolscap, a space being left 
between each lot as the articles are enumerated 
and the whole household contents brought in. 
It should be the aim of the auctioneer to lot his 
articles so that a desirable, or, what may be better 
described as a saleable, article is included with 
an unsaleable one, so tliat one portion virtually 
sells another. This is a rule that only applies to 
the multiplicity of oddments which are found in 
every honsehold. The point is to avoid putting 
an article up by itself when, from the nature of 
the thing, this is inadvisalile, but to add it to 
another lot so that there is a fair probability of 
the whole securing a good bid. It would be bad 
policy to lot a carpet with a chest of drawers, 
because these two things are fairly certain ot 
selling se})arately, and if of fair quality would 
make tlie required guinea lot ; but, in the same 
room, it would be found necessary to lot a fire- 
screen, a towel-airer, a hand glass and a couple ot 
slip mats, so that one could sell together that 
w'hicli it would be absurd and jierhaps useless to 
lot se])aratel 5 ^ The auctioneer must invariably 
aim at making up a lot of sufficient size, applying 
his discretion to the character of the goods being 
sold, and remembering always that be has to sell 
crerifthing. 

Numbering the “ Lots.’* Having written 
out the catalogue and made up the various lots, we 
])roceod then to number the latter, not forgetting 
to leave one or two blank lots at the end of each 
room to provide for the inclusion of any article 
which may, at the time of the sale, have been 
inadvertently missed. With a title-page, setting 
out the principal and interesting pieces of furniture 
offered for sale, the draft catalogue is sent to the 
printers, conditions of sale being added, which 
may be of a stock nature or specially adapted to 
the particular needs of the articles being sold. 
Eventually the proofs arc gone through and the 
matter is concluded. 

The announcing bill will be conveniently drawn by 
making a double demy replica of the front page 
of the catalogue. It will be found that a very good 
auction bill can be drawn after a general survey of 
the ])rof)erty to be offered. The bill should bo got 
out first, and duly exhibited, to give as long a notice 
of the sale as possible. 

There are some important points to be remem- 
bered in the making of the catalogue. For instance, 
Turkey carpets are desciibed in square foot, 
Brussels, Axminster, tapestr 3 % and other carpets 
m square yards (the bread tli being 27 in.). Bed- 
room furniture would be referred to in this way : 
Bedding and bod by the width, a wardrobe by its 
width, with the size in inches of the plate mirror 
in door. The washstand and the dressing-table or 
chest by its width, with the size in inches of the 
plate mirror surmounting the latter. Taking the 
dining-room furniture, the dining-table would be 
referred to by its length, with the number of the 
leaves up to which it extends, the sideboard by its 
width, and a bookcase by its length. Ornaments 
are taken by height ; pictures as to whether they 
are in oils, or are water-colour drawings, engravings, 
or prints. The wines are added after the reception 
rooms have been dealt with, and are followed by 
the silver, which is sold at per ounce; and the 



catalogue Ih conoluded by the domestic offices, the 
gardens and the contents of greenliouses or con- 
servatories. Articles found to be faulty are duly 
I’eferred to by placing a small “ f ” jn brackets 
after the description of the article thus : (/). 

Our pupil would be well advised to give some 
time to the study of catalogues of sales by the 
good West-End firms of auctioneers, and it will 
be found that a little application to these will 
give a valuable amount of information which is not 
easily gained elsewhere. 

Ticketing the ** Lots.'* 

We have now to arrange the 
ticketing of the lots. This is done 
by the head porter, with assist- 
ance, if necessary, according to 
the size of the sale. Ho starts 
operations on the day prior to 
the view days. He will arrange 
the furniture in the order of the 
catalogue, and on the view day — 
the day prior to the sale — he. 
with his assistants, keeps a sharp 
look-out that no damage is done by visitors to 
the articles. On the sale day he superintends the 
bringing up to the auctioneer of all ths lots in 
their proper order, taking care that he has a relay 
of three or four lots on the move, so that no time 
is wasted. Nothing is more annoying than a ** wait " 
between the bringing up of one lot and the next. 

Prior to the sale day, the desk catalogues are 
prepared by the clerk. One will be required for 
the auctioneer and one for his clerk, and they 
consist merely of the ordinary catalogues inter- 
leaved with specially ruled paper ; 


Lot No. 

XnorNT 
Boi.D For 

PirRCHAHERB NaKJC. 

DrpofliT 

GO 

13 10 

Martin, G. J 

1 7 0 

S2 

3 

Morecambe, II. U. 

7 0 

91 

2 10 

Morecamhe, 11. R 

0 

113 

6 15 

Martin, G. ,1 

13 0 

119 

3 5 

Martin, G. J 

10 0 

128 

15 

Morecambe, H. R. 

2 0 

J29 

4 10 

Martin, (1. J 

9 0 

189 

1 5 

Martin, G. J 

3 0 

208 

1 15 j 

Morecambe, II. R. 

5 0 


As will be seen, the first column js for the lot 
number, which is written in opposite to the corre- 
sponding lot number in the printed i>ortion. In 
the second column are written the amounts the lots 
are sold for ; in the third eolumn the purchaser’s 
name, and, if necessary, his address, while the last 
cash column is appropriated to the entering of the 
deposits paid. 

The auctioneer must exhibit under his rostrum 
a tablet setting out his full name and address, and 
there are penalties attaching to an omission in 
this respect. He must also have at hand his 
auction licence, which costs £10 annually, renewable 
on July 6th in every year ; and he then yiroceeds to 
open the sale by simply asking a bid for Lot 1. 
The lots are, as a rule, disposed of at the rate of 
one a minute in the case of household furniture, and 
Ihe clerk needs all his wits about him during the 
conduct of a furniture sale at even this rate, although 
we have knowm many auctioneers who sell at a 
greater rate. 

At the fall of the hammer the goods are at the 
risk of the buyer, and ho is at once asked for his 
card or a deposit, and the clerk must see to it that 
he gets one or the other immediately. 


^ AUCTIONEERINQ AND VALUING 

Deposits. The deposit is goAcrned by the con- 
ditions of sale, and is usually 10 yier cent. The entry 
by the clerk in his catalogue of the amount at 
which a lot is sold, together with the entry of the 
deposit, is considered as sufficient proof of the 
transaction (fraud, of course, not being alleged). As 
a sale proc-eeds, the clerk calls into use his sale 
ledger, which is a highly useful account book. They 
are familiar in every office, ruled as under, int;erleaved 
with blotting pa j)er, and indexed at each page. 


Immediately a lot is solrl. tlie deposit, purchaser’s 
naiue, and the amount -<old for are duly entered 
in tlie res])ective columns of tin* catalogue, the 
deposits being accountable for by the clerk. As a 
cheek u])on the cleik, the auctioneia’ notes m his 
catalogue the iirice and the purchaser’s name. An 
account is then immediately ojxmed in the ledger 
under the index of the purchaser' s name, using the 
proywr columns ns indicated above. The ledger 
will then set out the lot bought, the yinec sold 
for, and the amount of the dejiosit. There is usually 
sufficient time between the sale of one lot and the 
next to get m the deposit, enter the particulars of 
the transaction in the catalogue, and open or enter 
into the ])ropor account in the ledger, so that if 
the books are projx'rly worked, it is possible at any 
moment in the sale to say exactly how' any 
purchaser stands. 

As a rule, the clearing of a sale of any size is 
effected the day following the sale, the auctioneer 
announcing that the lots woll he delivered the next 
day, say, between the hours of ten and four. It is 
generally tound expedient to make up the sale 
ledger overnight. 

The Ledger Accounts. We must here 
refer to the sixviuien interleaving page of the 
catalogue and the ledger accounts in the names 
of Martin and Morecamhe. We see that tlie 
catalogue shows that these two pui‘ehaaers have 
bought certain lots, and that these certain lots, 
together with the deposits paid on each one, are 
duly carried into the ledger under the re8|>ectivo 
names. At the end of the sale day we shall find it 
necessary to check the catalogue with the entries 
into the ledger, and if there be any mistake, to rectify 
it, going to the auetjoneer’s catalogue, if necessary, 
to obtain the eorreetion. We then go through the 
ledger and cast up the price eolumn of all accounts, 
and on a reserved jiage at the end of the book carry 
out the names of all purchasers w ith the amounts of 
their jnirc bases. 

We next east the catalogue, and, all being 
eoTTOct, w’e shall have the same amount in the 
total of the catalogue as we have in the total of 
the accounts in the ledger. At the same time that 
we deal wuth the actual prices paid, w^e cast the 
amount of the deposits in the catalogue, w^hich, of 
course, should agree with the total amount of the 
deposits carried out to the reserved page at the end 
of the ledger, side by side with their respective prices, 
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MARTIN, G. J. 


MORECAMBE, H. R. 

r.o(. 


Price. 

Deposit . 

Lot 


Price. 

Deposit. 

00 


13 10 0 

17 0 

82 


.3 1.5 0 

7 0 

113 


0 1.5 0 

13 0 

91 


2 10 0 

5 0 

no 


3 5 0 

10 0 

12S 


1.5 0 

2 0 

129 


4 10 0 

9 0 

208 


1 1.5 0 

5 0 

189 


1 .5 0 

3 0 






Ralance . . 


20 2 


B.0aMce . . 


7 15 0 


£ 

29 5 0 

29 5 0 j 

1 

£ 

8 1.5 0 

8 15 0 





to Uie ci«dlt of idiioli BtMid. We we tiiiis able 
to see wliat amount of money thece (^ould be in 
hand as received as deposits dtiring the sale ; and 
by deduoth^ this amount from the gross amount of 
the sale, ve see at once what remains to be ooUeoted 
on the following day. 

Having cast the price column^ it follows that we 
have to strike the balance in each account in order 
to be able at once to see what amount is due udien 
the purchaser calls the next day to pay his balanoe. 
In the case of Martin, we see that the purchases 
amount to £20 5s., and that the deposits thereon 
amount to £3 28. 6d, so that there is a balance 
due of £26 2s, Cd. We write this balance down in 
the deposit column, and the account is closed. 

The Deliwery Note* There is a small 
matter in connection with the accounts in the 
ledger which should be noted. As the day goes on 
there is plenty of time for the clerk to make up 
his accounts as he goes, therefore overnight the 
ledger accounts are left open — that is, minus the 
small double line which appears under the cast of 
the deposit and balance column. As the purchaser 
comes in to pay the balance during the following 
day, he hands over the balance shown to be due 
m the ledf^r. and receives his delivery note, which 
js merely a slip of pa{>er with the words, 
“Please deliver Lots 66, 113, 119, 129, and 189** 
written in a verticd column for convenience of 
checking off, and signed by the clerk in charge of 
the clearing. This paper is handed to the porter, 
w’ho is responsible for the correct delivery of the 
lots. Immediately the delivery note is handed over 
the clerk drawls two lines under the account in the 
lodger which has just been dealt with, and carries 
the entry of the balance to the reserved page at 
the end of the book, opposite the name of tne pur- 
chaser, as previously entered. It will thus be seen 
that at the end of the day the gross amount of 
money received on the clearing day should equal 
the gross amount of the sale, less the deposits 
received, and similarly the amount of the deposits 
in hand and the amount of the balances collected 
on the clearing day will equal the gross amount of 
the sale. The double lines which are drawn at the 
end of each ledger account will give an easy indica- 
tion as the day goes on of what accounts are closed. 

How to Deal with Unsold Lots. 
It is now a simple matter to settle the business 
altogether. First, a marked catalogue is pre- 
pared. This is merely an ordinary catalogue with 
the margins ruled in cash columns. Opposite to the 
lot is written the price realised for eacli. The total 
gross amount of sale will be set out in account 
in the usual way, and deductions arc made therefrom 
for all expenses such as printing, posting, advertising, 
and commission, which, as a rule, is charged at 5 per 
cent, m the case of a large sale, and a cheque for tho 
balance is forwarded to the client. It may happen 
there are two or three lots remaining uncleared, and 
it will be found expedient to get rid of any such to 
one or other of the numerous dealers which attend 
sales. These people are always on the look-out for 
a bargain in this way, and if it is desired to settle 
the matter without loss on the transaction, a little 
finesse will have to be employed. However, if there 
is a loss, this is written off the gross amount of the 
sale, so that it is clear to the client. 

There are occasions when it becomes necessary 
to carry out a perambulating auction sale, in the 
case of, for instance : 

(а) Live and dead stock 

(б) Heavy 8|w5ks, plant, machinery, and the like 

(f) Old property for demolition 
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<d) BoMing materials, and soon. Here it beomnes 
MoeMiury to defer the use of the ledm tmtil the 
return to the office, hat the catalogue will be used as 
UBuah being m tbM oases attaouM to a stiff board 
for cmivenienjoe in writing. 

SalM of Raal Batata. We must at this stage 
turn to the more important and, in a sense, more 
remun^ative tomch of the profession — sales of real 
estate. In the first place, the trouble attaching to 
sales in this department is not so great al^ough the 
care to be exercised is none the less oonsideraim 

To begin with, it is of g^t importance to be quite 
clear as to one*s instructions. It is the custom to 
quote inclusive terms for the carrying through of an 
auction sale so far as regards the out-of-pocket ex- 
penses, to which expenditure the auctioneer is limited 
according to the properties to be submitted. For 
instance, he may mal^ a charge of an3rthing from 
ten guineas upwards to cover disbursements which, 
in pursuance to any agreement ho may arrive at, 
would be payable by his principal in any event, in 
addition to his commis&.on on the sale. He should 
be provided with the fullest particulars of the property 
an:l have a clear understanding on all points, includ- 
ing the reserve price, which is sometimes withheld 
until just prior to the sale. 

The first matter is to determine the time and place of' 
sale, and to arrange accordingly. In London, and, 
indeed, in most parts, it is sufficient to arrange the 
date, say, six weeks ahead, and according to the 
requirements of the locality to fix the hour of sale. 
If the property is to go to the hammer at the London 
Mart, a room has to be booked during tho busy 
season sometimes two months in advance, and here 
a fee of 6s. is payable on booking. There are many 
sized rooms to lie had, and, if he is at all nervous, 
it is advisable to seciu*© one where tho auctioneer 
on standing in his rostrum has his back to the light. 
The next matter is to jmy a visit to the property and 
make a thorough survey, taking particular care to 
observe the best eharacteristics of the house, land, 
or other property which it is his object to present 
to his patrons in as favourable a light as is consistent 
with an accurate description. 

The Announcing Bill. It is the auctioneer’s 
business to draw up the announcing bill. This is an 
important matter, and one which is sometimes thought 
little or nothing of by many auctioneers. It should 
comprise as brief an epitome of the property for sale 
as possible. It is the greatest mistake to crowd it 
with a mass of unneees'sary matter, and it should be 
the aim of our embryo auctioneer to draw a short 
and pithily* worded announcing poster, and to see 
that it is well set out with what we may term the 
“ selling points *’ of the property properly accentuated. 
It must be remembered that the bill is to catch the 
eye of passers-by, and it is sufficient that the locality, 
a short description and address of the house, together 
with the time and place of sale, with the auctioneer’s 
name and address, be brought out well. Endeavour to 
“ lighten ** the bill by employing two or three styles 
of type, and with a little patience it will be surprising 
how attractive our black and white poster will 
appear. Proofs should always be submitted to the 
vendor’s solicitor for approval before handing the 
bills to the poster. 

It will now be necessary to open an “ Auction 
Expenses Account ” against the client, in this style : 

Sale by auction of 

At the liondon Mart 

on 190 , at . . . . o’clock 

Vendor’s Name Solicitor’s Name 

Address Address 

Instructions given 190 , Confirmed 190 
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Oommisaion at the rate of 

Expenses limited to £ 

Below this, of course, follows the statement : 

To hire of room at the Mart 

of double-demy announcing 

To cost of double*8heet particulars 

To billposting on own stations . . 

M M „ licensed stations 

„ „ licensed railway 

stations 

To billposting on property, pole 
boards, etc 

Advertising in : 

“Times" January 1,3, 5, 9 
“ Daily Telegraph” ,, 2,4, 8,10 

“Daily Mail” „ 3,6, 9,11 

“Daily News” ,, 4, «, 8,10 

‘ ‘ Morning Post ” „ 6, 9, 11 , 13 

“ Estates Gazette ” ,, 

“ Local Mercury ” ,, etc., etc. 

To Postages and jietty expenses . . 

With an account such as this it is ix)8sible to 
calculate to a nicety what proportion of the out-of- 
pocket expenses are to be alloc*ated to the different 
items of expenditure. As a rule, a double-demy 
|X)ster will cost about 12s. per hundi*ed, two- page 
^particulars cost from 18s. to 20s. per hundred, 
according to the amount of matter and revising 
required. Photograph blocks cost about lOd. ]K*r 
square inch to reproduce on, say, 300 particulars, and 
line block reproductions cost about the same amount. 
The hire of the room costs from £2 28. to £5 5s., 
according to the size and time of sale, and the rent 
of licensed hoardings may be Id. per double-demy 
sheet per week. The usual charge by the railways [s 
3s. per month per station for each bill, including the 
fixing and removal of the board, which is supplied 
by the company’s advertising agent. We must 
remember the posting of the bills on the premises, 
and must bear in mind that in issuing bills to the 
billposter of somewhat elastic conscience, it may be 
as well to assume that the whole of the bills may 
not be distributed. Having set aside a reasonable 
sum for jiostage and other petty expenses, we have 
a balance which we can devote to what we must 
regard as our most fruitful channel — Press advertising. 

Advertising. We now draw out the adver- 
tisements, which, like the announcing bill, should be 
as pithy and concise as possible. The great dailies 
charge 8d. to Is. per line of about eight words, 
and it is a simple matter to reckon on these lines. 
If an advertisement appears for a month every 
other day, the cost would amount to, roughly, 
£7 or so. A diary of the advertisements should 
1 k‘ written up to check due insertion. Whatever, 
then, the limit for out-of-pocket expenses may 
Ik*, we are able so to lay our plans that we are not 
some pounds out of hand over the transaction. Of 
course, there are some cases where a little speculative 
ex})enditure may be well advised, but this is purely a 
matter of cijcumstance. 

Particulars of Sale. We next pass on to 
the “ particulars.” As a rule, these consist in a title- 
page with as many followers as are requisite, finishing 
up with the conditions of sale and the memorandum 
of agreement. Tlie title-page may set out the general 
points of the estate, and if the rule applied to furniture 
sales be followed, it will be sufficient to introduce a 
reproduction in miniature of the announcing bill. 
Having attended and thoroughly sm’veyed the pro- 
perty and taken or checked the particulars in a note- 
book kept for the purpose, we inquire of the solicitor 


acting for the vendor how he desires the property 
lotted, and arrange accordingly. Each lot shoiud be 
described accurately, be it land, house property, free- 
hold ground rent, or reversion, and giving particulars 
of tenure, ground, or other rent, accommodation, 
notes as to tenancies, etc. After lotting, a draft is 
prepared and sent to the solicitor for approval, with 
the request that he will retiun same with the draft 
conditions of sale. The whole is printed, and properly 
endorsed with a note of the property offered, the time 
and place of sale, the name of the auctioneers, and 
that of the solicitor at the foot. When the “ proofs ” 
arrive, they have to be corrected and forwarded 
to the solicitor for final approval to ensiire accuracy. 

A note must be kept of all applications in a book 
— which is useful for after reference — so that, a day 
or so before the time of sale, inquiiers may be written 
to with a reminder that the sale takes place on such- 
and-such a date, finishing with a request for the 
addressee’s favoured attendance and bidding. 

As the sale day draws round, the desk particulars are 
prepared for the use of the auctioneer and his clerk. 
These are merely ordinary particulars interleaved 
with niled foolscap, partitioned off and numbejed 
according to the lots opposite to which they appear, 
and enclo.sed in a cartridge ]>a]X'r ro\er, neatly 
bound up in green silk. 

The Day of the Sale. The sale day 
having arrived, we set»d do>\n by our junior 
a su})ply of bills and sufficient ])aiticulars to 
exhibit in the sale-room. He should arrive in 
good time, followed as the hour of sale draws 
near by the auctioneer and his clerks, with their 
desk particulars, auction licence, sixpenny contract 
stamps, name and address tablet, hammer, and a 
supply of bills and particulars. This latter pre- 
caution should never, on any occasion, be omitted. 
We ascertain that the solicitor is jircsent with the 
title deeds, and perhajis discuss briefly with our 
client the possibilities of reducing the reserve, if 
it should ha])})en that it has been fixed rather 
higher than anticipated. 

The sale then opens. To an auctioneer making 
his maiden appearance the ordeal is sometimes a 
trying one, but any attempt at eloquent jiassages 
on such an occasion is not to la* recommended. 
The reading through of the particulars may serve 
to break the ice, and it is always remarked that 
the conditions of sale are taken as read, but that 
the vendor’s solicitor will answer any question 
arising thereon. To eulogise a property is super- 
fluous — one is dealing with business men, and this 
should always be borne in mind. 

Biddings are asked, and the auctioneer must 
begin to use his eyes well. He should endeavour 
to get into touch with two or more biddcis 
who seem to desire the property, and, by setting 
one bid against another, should try to create a 
market between them. When there is a reserve, 
the vendor will be entitled to bid up to that reserve, 
provided he discloses his intention upon the condi- 
tions of sale; it is against the law to bid up a 
property on behalf of the vendor, where the sale 
is announced as without reserve. When the bid- 
ding has passed the price fixed, the auctioneer may 
stimulate competition by announcing the pro- 
jierty as in the open market, and at the fall of the 
hammer, after asking for further advances in tlie 
usual manner, he should request the purchaser to 
come forward and sign the form of agreement. 

The contract is an all-important document, and 
must, in every case, disclose the name of the vendors, 
or it will be void, under the Statute of Frauds. It is 
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executed in two parts, one by the auctioneer, and the 
other by the purchaser, the auctioneer being consti- 
tuted tne sMceholder. The purchaser signs over a 
sixpenny stamp, or the signature may be made on the 
more paper, and the document afterwards im- 
pressed with a sixpenny stamp. We would here 
remark that in many conditions of sale there aj)- 
pears a clause to the effect that if any documents 
comprised in the title, and executed prior to the 
passing of the Customs and Inland Revenue Act 
of 1888, be found to be unstamped or insufficiently 
stamped, no objection (that is, by the purchaser) 
shall be taken. If this clause appears, the Inland 
Revenue authorities will refuse to stamp any such 
contract, and for this reason it is always as well 
to use an adhesive stamp, duly cancelled by the 
purchaser’s signature. It is the custom of the 
auctioneer to sign his part over a penny stamp. 
Many purchasers refuse to accept the contract where 
a sixpenny stamp has not been used on the part 
si^ed by the auctioneer, who, bearing in mind his 
fiduciary position, would do well to make no 
objection. 

The auctioneer, on his return to the office, makes 
out an exact copy of the contracts in his possession, 
,it not being necessary at the moment for him to part 
with the originals, and he then forw'ards them to the 
vendor’s solicitor. 

The Auctioneer as Stakeholder. 

The custom in London is for the auctioneer to 
receive and hold the deposit as stakeholder, and ho 
is accountable fr»* it to his vendor. On receipt by 
him of a letter signed by the purchaser to the effect 
that the purchase has been completed, the auctioneer 
is at liberty to hand over the deposit. This is done 
in the usual way, deductions being made from it 
for out-of-pocket expenses and commission as agreed, 
a cheque for the balance being forwarded. It 
occasionally happens that an auctioneer is made 
the party to an action at law by either vendor or 
purchaser to recover the deposit. Inasmuch as an 
auctioneer must not part with the money until 
he has the authority of the purchaser that the pur- 
chase has been completed, his position under 
circumstances such as these is somewhat disagree- 
able; and he would be well advised in getting 
rid of his liability by paying the deposit into 
court. His action in this case will not debar 
him from recovering his commission and expenses 
as agreed. 

There are one or two points which are likely to 
arise during the course of a sale by auction which may 
here be noted. During the opening of a sale it may 
happen that any one of the audience may make 
use of some deprecatory remarks in the hope 
of stifling competition. The best way for the 
auctioneer to act is to inform his questioner that 
he is selling as per particulars, and if the person 
making the interruption has any doubt as to the 
genuineness of the property his obvious course 
is to refrain from bidding altogether. 

With regard to disputed bids, it has been held 
that the auctioneer is entitled to decision, although 
the best course is to offer the lot again at the last 
undisputed bidding. 

Sales by Order of Chancery. We now 

have to consider sales by order of the Court of 
Chancery. The instructions in these cases come 
through the solicitor acting in the matter, and the 
auctioneer, os a rule, is nominated to the judge by 
the solicitor for the successful party to the action. 
When an auctioneer is nominated he must provide 
two testimonials from men of standing as to his 


ability and integrity, and must also procure a 
security bond in the amount of the money which 
is likely to pass through his hands. He proceeds 
with the sale in the ordinary way, the bills announc- 
ing the sale being headed, “ In the High Court of 

. Division. By Order of Mr. Justice 

Underneath the auctioneer’s name, which 

in this case must be printed in full (although 
he may add afterwards of the firm of Messrs. 
and-So”), appear the words “the person appointed 
by the judge in the action.” On the sale day the 
procedure is as before, with the difference that 
the auctioneer is provided with the particulars of 
his reserve price in a sealed envelope, which he re- 
ceives from the Court, and which are thus designated 
his “sealed instructions.” After ascertaining that 
ho has received the highest obtainable bid, the 
auctioneer requests the last bidder to come forward, 
and, without using his hammer, he opens his sealed 
instructions, announces the property as sold or not, 
as the case may be, and should then, if sold, close 
the deal by hammering it at the last bid. A special 
form of contract, in addition to the ordinary form, 
properly executed in two parts, is provided, which 
the purchaser must sign; and the deposit is handed 
to the solicitor, he having the original signed con- 
tract, the auctioneer retaining a copy. Sales by 
order of the Court are not so remunerative from 
the point of view of commission as may be supposed, 
for the remiineration is sometimes cut down by 
half and three-quarters of the proper locale, it 
being possibly the opinion that the kudos gained 
ought to be considered as sufficient solatium. 

Rendering Accounts. In rendering ac- 
counts, it need scarcely be added, the auctioneer 
must not be a party to the making of secret com- 
missions obtained through giving oraers to a particu- 
lar firm of printers or advertising agents. The 
law on this point is stringent, and an auctioneer 
will be liable to make good to his principal any 
sums obtained in this way. Nor must he receive 
commissions from the purchaser without the 
vendor’s knowledge and approval. If he should 
do 80 , however, he is liable, not only to pay 
over any such sum obtained in this way, but also 
to repay his proper commission obtained on the 
sale, and may even suffer prosecution by the 
Corrupt Practices Act, 1907. 

We append below a scale of remuneration. 

For the Sale by Auction of Free- 
hold AND Copyhold Properties or 
OF Leaseholds Held at Ground Rents 


Above £5,000 


On the first £100 . . 6 per cent (in no cases less 

than £5). 

From £100 to £5,000 6 per cent, on the first £100, 

and 2i per cent, on the 
remainder. 

Above £5,000 . . . . 2J per cent, on the first 

£5,000, IJ per cent, from 
£5,000 to £10,000, and 1 per 
cent, upon the remainder. 
And in each case where fix- 
tures, timber, tenant-right, 
stock, or other effects are 
included in the sale, the 
amount agreed to be paid, if 
without valuation, will be 
added to the sum obtained 
for the property, and com- 
mission charged upon the 
gross amount. 

This scale is generally recognised throughout 
the profession. 


Continued 
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pEW ]>eo))le — even those wlio are engaged in one 
* or other of its numerous branches — have any 
adequate idea of the enormous proportions of the 
British fisliing industry. The not infrequent reports 
of casualties to fishing vessels which are met with 
in the columns of the daily Press furnish the reader 
with some idea of the dangers incidental to a 
calling at all times difficult and 
hazardous, success in which is only 
granted to the active and hold, and 
mistakes in which result too often 
in a S)>eody death. 

Vast Extent of British 
Fisheries. At the present 
moment Ihere are over 27,000 
vessels engaged in fishing from the 
various ports in the British Isles. 

I'hese vessels are manned by not 
less than 100,000 fishermen, and 
in the course of twelve months they land nearly 
1 ,000,000 tons of fish, worth to the fishermen about 
£10,000,000. By the time this fish has reached 
the consumer its value will be 
considerably enhanced, the exact 
amount paid by the consumer being 
probably not less than £100,000 per 
day. The value of the ten most 
important fishes in the year 1905 is 
n]ipended : 

Had(i<i(’k 
(’ocl . . 
riaice 
Soles 
Mackerel 
Hake 
Turbot 
Halibut 

Skates and ha>'S 

For the purpose of fishery statis- 
tics a distinction is drawn between 
wet fish and shell fish, the former 
being fishes proper, the latter including oysters, 
mussels, cockles, crabs, shrimps, and lobsters. 

Trawling. Of t he various methods of capture 
in vogue at the 
present day, un- 
doubtedly th e 
most important 
is trawling. 

Trawling is 
carried on from 
both steam and 
sailing vessels, 
the latter being 
divided into two 
classes — the first 
class consisting 
of vessels of up- 
wards of 15 tons 
[ 2 ], the second 
class of vessels 
below that tonnage. The most remarkable feature 
in the rise of the trawling industry is the rapid 
growth both in numbers and in size of the steam 


trawler, and the conseipient supplanting of the 
smack. In 1905 there were 1,173 steam trawlers 
and 904 sailing trawlers of the first class exclu- 
sively engaged in trawling from ports in England 
and Wales. 

Steamer versus Smack. Tlio slow method 
of the cutter is rapidly giving way to the 
scientific methods of the steam 
trawler [8]. But since the tendency 
of modern legislation is to exclude 
the steam trawler inore and more 
from the inshore waters, there 
always will he room for the inshore 
fisherman, who, however, in order to 
be able to compete in the market 
with his wealthier and more power- 
ful rival, will hav'c to adopt newer 
methods. Already on the (Continent 
fishing boats whieh formerly relied 
on the wind for their propulsion arc being exten- 
sively fitted np with motors, and the attention of 
the English smaeksman is earnestly directed to the 
description of motor fishing boats 
which we give below. 

Trawl Nets. Modern trawl 
nets are of two main types, the 
heMm traid and the otter trawl, the 
former being almost exclusively 
used in sailing vessels, the latter in 
steamers. Both nets, are con- 
structed and fished with the same 
object — they swee}> along the 
ground, and consequently are only 
adapted for catching those fi.sh 
which live on or near the bottom. 
Such fish as soles, dabs, plaice, 
haddock, and cod are captured by 
this method of fishing, other 
methods being employed for herring, 
mackerel, and similar species whk li 
live near the surface. The net attached to the beam — 
whieh consists of wood, and averages from 20 to 
50 ft. in length, according to the size of the vessel 

using it — is 
shaped some- 
what like a 
flattened cone 
[6]. The beani 
is affi xed at each 
end to a trian- 
gular iron frame 
— the traid head 
— these frames 
being dragged 
along the bot- 
tom with the 
beam attached 
to the apex of 
the triangle so 
that when in 
action the beam is raised a few feet above the ground 
and forms the upper boundary of the mouth 
of the trawl [ 4 ]. The lower margin of the trawl 
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1. I’RAWLING FOR SHRIMPS 
FROM A CART 


£2,029,348 

1,807,073 


485,718 

437,270 

350,147 

342,525 

280,574 

217,152 



2. FIRST-CLASS DEEP-SEA 
SAILING TRAWLER 
(The beam trawl is ou dock) 



8. FLEETWOOD STEAM TRAWLER 





FOOD SUPPLY 


mouth consutts of a heavy rope, the fooUropt^ 
considerably longer than the beam, so that it curves 
backwards behind the beam, and, unlike it, is in 
contact with the ground. The terminal portion of 
the net is known as the cod-end, and is fastened by 
a rope which can be detached when the trawl is 
hoisted on deck, the catch being thus easily liberated. 
At intervals in the net there are net-like contrivances 
known as pockets, which, in effect, minimise the efforts 
of fish to escape through the mouth of the net. The 
trawl is towed along by two ropes, the bridles, which 
are attached to the trawl -heads, and united at the 
shackle to form a single towing rope — the trawl- 
loarp. 

Improvement of the Trawl. About the 
year 1893 a modification of the trawl was intro- 
duced, and this may briefly be described as a 
supersession of the beam by means of a rope called 
the head-line, the main advantages being a greater 
length of opening, head-lines of over a hundred 
feet in length l>eing common. At cither end of the 
fooi-rope is attached a heavy wooden door-like 


Dtrift Netting. While (raiding and lining 
are the methods employed for the capture of bottom 
living fish, for those fish which live in intermediate 
depths to the surface other methods have to bo used. 
Such a methdd is the drift-net, extensively practised 
in the capture of herring, mackerel, and pilchards. A 
drift-net is usually composed of pieces of net measur- 
ing 10 yards in depth and 30 fathoms in length. From 
a large drifter the train or fleet of nets may bo a couple 
of miles or more in length. The whole net hangs 
vertically in the water, forming a wall of network 
against which the fish impinge. The upper sur- 
face of the net is attached to a rope supported by 
cork floats, the whole apparatus being so arranged 
that it can be fished at any required depth, and when 
fishing it drifts with the tide. J^ets of different- 
sized mesh are used according to the fish which it is 
desired to capture, the usual size for mackerel 
being 1 1 in. from knot to knot, for herring 1 in., and 
for pilchards J in. When a fish strikes against the 
net its head passes through, but owing to the in- 
creasing size of its body the fish is fixed in the mesh. 



4 . TRAWL HEADS, BE*VM, MOUTH 
OF NET, ETC'. 

Showing: iiow the llev at e utiacherl 


board, the otin-hotud, nnd to 
these boards the trawl -ro pc 't arc 
attached in such a manner that 
the former are dragged along the 
bottom on one of their long edges, 
the surface of the board being 
inclined at an angle to the direction in which the 
net is being dragged, so that the mouth of the net is 
kept open. There are two warps used with the otW- 
trawl, instead of one only as in the beam-trawl. 
When the trawl is shot and on the bottom, the 
steamer tows it along slowly, a fair average speed 
being about three miles an hour. The pressure of 
water is exercised in such a manner that the boards 
are forced upwards and apart, the mouth of the 
net being thus kept in a distended position. The 
head-line, w'hich is a few feet from the bottom, 
passes over the fish before they are disturbed by 
the foot-rope, which curves backwards as described 
above. The fish when disturbed swim upwards and 
strike the netting of the upper part of the net, 
which is now well above them, and the pressure of 
the water forces them into the net towards the cod- 
end, The lower part of the net, which runs along 
the bottom, is subject to considerable wear and tear, 
and is strengthened by apron-like pieces of netting, 
which save the net proper [6J. 

The Seine. Intermediate between the traid 
and the drift-net described below is the seine, which 
resembles the trawl in its being dragged through 
the water, and the drift-net in that it is a vertical 
wall of netting. It is almost exclusively employed 
in inshore fishing, and for such fish as herring, 
mackerel, X)ilchard6, bass, and mullet. The seine 
consists of a vertical wall of netting, to the upper 
part of which corks or floats are attached, to the 
lower part weights or sinkers. It is used from two 
boats or from the shore with one boat. In either case 
the net is piled up in the stern of the boat which 
moves. In this way an area is surrounded by the 
net, which is pulled in gradually towards the shore. 
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6 . DIAGRAM OP BEAM TRAWL 
a. Where the net is sewn tog-ether to 
fonii pockets b. Where the sciuure 
joins the baitings c. Foot -rope 
d. Grommets e. Forward bridle 
/. Dandy bridle g. After bridle 
h. Beam ;. Head-line k. Square of 
net 1. Wings m. Baiting on top, 
l)clly underneath n. Pocket o Flap- 
per p. (.’o<l end q. Poke-line f. Cod-line 


BEAM TRAWL WITH COD- 
END UNLOOSED 


Even in this method of fishing 
we find steamers extensively 
employed. In 1904 there were 
75 steam drifters engaged in 
Scotland alone, in addition to 
thousands of sailing boats. 

Drift nets were originally made 
of hemp in Ireland, and in the Isle of Man of llax, but 
at the present day they are chiefly made of cotton, 
the greater lightness of which has enabled fishermen 
to extend the length of their nets. The intro- 
duction of an auxiliary engine for hauling nets has 
also enabled fishermen to extend the length. 

The Trammel Net. Except for the fact 
that it is fixed, the trammel might well be regarded 
ns an offshoot of the drift net. It consists of three 
vertical nets fastened together at the top, bottom, 
and ends. The middle net hangs loose, and is of 
small mesh. The outer nets, one on either surface, 
have wide meshes from three to six inches or more 
from knot to knot, and are of coarser thread than 
the inner net. The fish swims along until it 
strikes the outer net, then it darts forward suddenly, 
pushes against the central net, and carries a portion 
of it through the large meshed net on the other side. 
The fish is then safely trapped in a sort of pocket, 
or, technically, is trammdled. 

The Stake Net. The stake net is a vertical 
wall of netting supported by stakes, and is a fixed 
apparatus employed in estuaries. It is a very 
ancient method of fishing, and a very destructive 
one, consequently its use is restricted as far as 
possible. As a general rule these nets may not 
now be set right across a stream or channel, and 
there are other regulations, which vary in different 
localities, as to the size of mesh, and the total 
length of the net. The varieties of stake net 
are legion, but it is in the United States that they 
have reached their maximum development. In this 
country the nets are usually a simple wall with 
or without a trap-like arrangement at the fishing 
end. Tliey are set at right angles to the direction 



7. LONGITUDK^AL SECTION OF DEEP-SEA CUTTER “ ELLEN ” 
a Foreca«.lle h Spar e for salted Ash c Ballast a Well e Crafinp: f Motor of 4hp g Motoi of 1< hp h Motor 
room j t aptain s cabin k Ilatolnva} I Roof of motoi loom 


of tlie tide, and may be calculated at (Citaiii 
seasons of the year to yield the maxinuiin of lesult 
with the minimum of effort 

Line Fishing. A large quantity of deep sea 
fish iR still caught by lintmj, and this im more pai 
ticularly the case in Scotland, where, in 1{)05, no 
less than 104 steamers and 4,593 sailing vesseds were 
engaged in this branch of fishing, their catch during 
the year amounting to 735,654 cwt , and its value 
being £348,010 \ line as used on a steam vessel 

IS usually several miles in length, and at intei\als of 
about 0 ft IS provided with pieces of line, the 
<?nood«, to which baited hooks are attached 3 he 
position of the line is marked by buoys The hooks 
are usually baited with mussels, whelks oi herring, 
and the lines are shot in the evening, and fished in 
the morning The line can be used on locky 
ground where ti awl ing is obviously impossible 
Fishing for Crustacea. In addition to 
th various methods of fishing for wet fish, which 
have been described there is an extensive fishery 
for various cru^aaa such as shrimps, prawns 
lobsters and crabs, the 
\aliie of which to the 
fishei men for England and 
W ales alone is certainly 
not less than £200,000 a 
>eai Shiimps nie fished 
for by trawl net^, and also 
b> hand The foimer 

aie modifications of the 
beam tiawl adapted for 
( itching shrimps, the mesh 
being three eighths of an 
inch from knot to knot, 
and the beam not more 
than 25 ft m length. The 
'^hank net is very similar, 
the mOiith of the net 
being, however, kept open 
by means of an oblong 
fi ame of iron or wood This 
net is used precisely like a 
trawl, being dragged along 
the bottom, and while so 
dragged the frame is 
kept in a vertical position, 
the longer axis being 
horizontal Such nets are frequently used fiom 
c ai ts which are di iven along m a few inches of water 
at low tide fl] In similar localities, a hand net, known 
as a ptish or power net, is used. This vanes m 
diffeient parts of the coast, generally speaking, 
it coiisi«it8 of a triangular net attached to a frame- 
woik, the vhole .ipparatus being fixed at the end 


of a long pole This net is piihbed m fiont of the 
slirim}w in shallo^\ vvatei, at lo^^ tide, and is hence 
locally known as a shun n<t On liis back, the 
sliiim])ei eanies a large basket for the reception 
of his shrimps (Vabs and lobsters aie mainly 
fished foi by biited pots, m reality basket-like 
uiuigdiients, oi tiaps, wliuh affoid facilities foi 
the ingress but bar the cguss of the crustacean 
These jiots and baskets an low ted to the bottom, 
often in fairly drop watei on roikv ground, then 
position being indi(aied by buo^^ Vt the end of 
several bouis the hsheimen revisit the grounds, 
examine the pots, lemovt then lubsteis or crabs, 
and finally le bait then pots with stinking fish 
Fishing in the Future. \ lemaikable 
change has taken place m the fishing industiy dui 
mg the last twenty yeais Previous to the advent 
of the steam fishing boat the smallei fishing villages 
were relatively far more inijioitaiit than they 
are at the present time, ind the inshore fisherman 
who followed difterent classes of fishing a I different 
seasons of tlie year — fiawlmg diift netting, lining, 
and shnmping — is fast 
lx mg lejilared by the 
steam tishciman, who is a 
s]>e( lalist ])iuc and simple 
J he bulk of sea hsh is 
landed at lialf i dozen huge 
poits, such as Tuimshv, 
Hull, Aberdeen, Milford, 
Fleetwood, and Liverpool, 
where access to the ejuavs 
and wharves is available 
at all stages of the tide 
The fish landed is usually 
sold at once by auction, 
and then forwarded to the 
markets at the large 
inland towns The sailing 
smack owned partly or 
entiiely by the man who 
sailed her is slowly but 
suiely dec I easing m num- 
bers, and IS being sup 
planted by the steamer, 
owned almost invariably 
by jx'rsons whose interest 
in the fisheries is mainly 
dependent upon their dividends The fishermen are 
])aid servants, or in some mstanees are paid by a 
share of the gross profits, the skipper and mate 
usually bemg paid by shares, the rest of a crew by 
a wee kly wage Ah eady there are wh ispei s of “ rings ’ 
of buyers and dealers in fish, and who can say 
what the future of the inshore hshei m in is to be ’ 
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a Entrance to captain’s cabin h AuMliar\ screw 
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FOOD SUPPLY 

Conditions of Success in the Future. 

The self-reliant and independent fisherman will, 
therefore, take heed of the future: only by embrac- 
ing as far as may be practicable newer methods of 
fishing will he be able to comwte successfully 
with his formidable rivals. The adoption of means 
tor keeping his catch in good condition, and for 
securing its rapid transit to the 
market, the introduction of labour- 
saving devices for manipulating his 
gear, and, above all, the question 
of auxiliary propulsive methods to 
assist the uncertain winds, are all 
«-ubjec‘t8 which will imperatively 
demand his immediate and earnest 
.it tent ion. 

The regulations for the protection 
of the inshore fishing grounds are 
for the most part based on sound 
reasoning, and may be said to have 
liccn productive of good effect, 
though their introduction has not 
always been welcomed by tlic 
individuals whom they were de- 
signed to benefit. 

Motor Fishiog Craft. The 
]>ossibility of the application of 
motor power to the sea-fishing 
industry has for some time been 
recognised on the Continent, notably 
m Denmark and Germany, and 
auxiliary petrol motors have been 
applied to varirns classes of fishing 
smacks, and especially to deep-sea 
cutters of similar build, to the first- 
class English sailing trawler, to 
herring, and to open line-fishing 
boats. This application must at present be 
regarded as in its experimental stages. 

In the Danish deep-sea liners [8] we have an 
auxiliary screw permanently fitted up, in con- 
tradistinction to the screw 



9. DANISH DFEP-SEA CUTTER 
WITH MOTOR AND LOOSELY 
SUSPENDED PROPELLER 


A cutter such as this would be 54 tons grow, 
and about 60 ft. long. The cost of building at 
Frederikshavn would be £1,620, inclusive of internal 
equipment. 

Smaller Type of Danish Motor Cut- 
ter. A second description of motor which is used 
abroad in the sea fishing industry is illustrated 
in 9 and 10 , which picture a 
Danish cutter somewhat smaller 
than the preceding one. Here we 
have an example of a deep-sea 
cutter fitted with a loose suspended 
screw. Fig. 9 shows the stern of 
the cutter with the screw in position. 
Fig. 10 is a section showing the way 
this screw is attached to the motor. 
An axle or shaft running along the 
upper deck connects the motor with 
a toothed wheel which projects over 
the stern of the cutter. Over this 
toothed wheel runs an endless chain, 
by means of which the rotation of 
the screw is set up. The screw- 
axle is attached to the hull by 
means of two movable iron rods, 
and the arrangement is such that 
the whole can be removed or 
replaced at pleasure. In stormy 
weather the screw and frame would 
be removed because it is easily 
washed away. In calm weather the 
screw is placed in j)Osition, and in a 
cutter of from 20 to 40 tons a 
motor of C-horse povter would 
give a speed of from two to three 
knots, which is quite sufficient 
for trawling purposes. Anyone who 
has been becalmed for two or Ihree days at sea 
in a deep-sea smack will realise the enormous 
advantage of being able to travel oven at this 
snail’s jiacc. Figs. 7 to 10 have been repro- 
duced from photographs 
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SCIENTIFIC INSTRUMENT DEALERS 

The dealer in scientific instruments can scarcely 
bo said to exist as a distinct trader covering all 
the branches which will be dealt with in this 
article. The departments are usually worked with 
other businesses. The chemical apparatus section, 
for example, is often found as part of a chemist’s 
busine^, and the sale of the articles here classed 
as optical goods is frequently embodied with the 
sale of spectacles. It has, therefore, been thought 
best to tell under separate sections the chief facts 
connected with each class of scientific apparatus 

as to assist those who would desire to branch 
► out in new directions. At the same time there is 
nothing except the lack of suitable openings to 
prevent anyone devoting a business to the whole 
of the branches dealt with in the following para- 
graphs. The profits on these goods are roughly 
2^ fp 33^ per cent., which is little enough when the 
liability to breakage is considered* 

Chemical Apparatus, With the popular- 
isation of science and the multiplication of science 
^hools the demand for chemical apparatus has 
increased of late years. Nothing fires the ambition 
of a schoolboy more than to sec chemical ex- 
])crimeiits jierforined, and for this reason a trades- 
man with scientific leanings, whose premises are 
in proximity to a ])ublic school, should certainly 
not neglect to cater for the schoolboy bent on 
making oxygen or performing at home other 
simple experiments seen in the lecture-room. At 
some colleges the student is required to provide 
a certain amount of apparatus and reagents, the 
larger apparatus and cheaper reagents being found 
by the educational establishment; and again it 
is a laudable thing that at certain schools the 
prizes in chemistry classes take the form of chemical 
cabinets, Stathain’s chemical cabinets are sold 
at prices ranging from 2s. fid. to one guinea ; but 
special sets of apparatus and chemicals adapted 
for particular textbooks are readily assembled. 
The following are some of the most frequently 
.sold pieces of apparatus : small mortals and pestles, 
in glass, Berlin porcelain, Wedgwood or agate, 
varying in price fi*om 4d. for a porcelain mortar 
of 2^ in. diameter to 70s. for a moderate sized 
agate mortar. A few glass mortars is sufficient 
for a small trader to stwk. Bunsen burners sell 
at Is. each, larger and better ones for Is. 9d. 
►Spirit lamps, 1-oz. size, sell at 8d. ; 4-oz size at 
Is. Wire gauze is best sold in 6 in. squares at 
3d. each (iron); Is. each (nickel) ; and fid. each 
(copper). A newer variety is that with an a.sbestos 
centre, selling at 8d. and 9d. Crucible tongs sell at 
Is. each; cork borers at 9d. per set of three; retort 
stands at Is. to 6s., according to number and size 
of rings; metal tripods seB at Is. to Is. fid. each; 
test-tube stands at from fid. (for six) to 28. (for 
24 tubes); test-tube brushes sell at IJd. each; 
with sponge end.s, 2d. each ; and the india-rubber 
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variety at 3d. each. Pipe-stem triangles sell at 
3d. each or 2s. fid. a dozen. Flasks sell at 3d. each 
for 2-oz. size ; 4d. for 4-oz. size ; 5d. for fi-oz. 
size ; and 9d. for 20-oz. size. Beakers are best 
sold in sets, the wide form with lips being pre- 
ferred. A set of l-oz to 5-oz. sells at Is. 3d. ; 
6 oz. to 20-oz. at 2s. the set. Funnels sell at 2d. 
each (2-in. size); 3d. (3-in.); and 4d. (4-in.) ; 
and for these filter papers, cut in circles, are re- 
quired, selling at fid., 9d. and Is. 3d. per 100. 
Wash bottles sell at Is. (10-oz.), and Is. 3d. (20-oz.). 
Woulff’s bottles with two necks sell at 9d. (5-oz.), 
and Is. fid. (15-oz.). Blowpipes in japanned tin 
sell at fid. ; in brass, at 8d. The most convenient 
size for test tubes isfiin. by J in., these selling at two 
for l|d. or 8d. a doz., or 58. fid. a gross. Nests 
of six different size tubes arc also handy ; tliey sell 
at 9d. for fi, or Is. fid. for a nest of 12. Books of 
test papers sell at 2d. each all kinds, or 4d. in 
rollg. A stock of corks and india-rubber stoppers 
is also needed and reagent bottles varying in size 
from 1 oz. to 40-oz. It falls to the lot of the dealer 
in chemical apparatus to fit up benches in schools, 
these being supplied at a cost of about 42s. per 
pupil, the benches at this price being in fours. 
A fume cu]>board, needed in every well-appointed 
laboratory, can be fitted up in good stylo for £4. 
Balances for weighing small quantities can be 
sujiplied at £3 10s. each, a better instrument 
costing £10. Weights — in the metric system — 
arc supplied at a cost of from 2s. fid. to 30s. A 
large variety of graduated glass apparatus is needed 
for aeciirate analytical work, some of which will 
need to be stocked if the business increases. 

electrical Apparatus. The sale of 
electrical apparatus is an inviting sido-linc which 
may be begun with a small outlay and grow to 
unlimited proportions. A good show can be 
made for an outlay of £5, and the goods pur- 
chased should be put in the window so as to attract 
attention. Start with the most simple of saleable 
electrical apparatus — the bell. These are quick- 
selling lines, if sold on cards, complete sets of parts 
for fitting up a bell and battery selling at from Is. fid. 

A complete bell and battery sells at 5s., this in- 
cluding push and wire. The portable bells used 
by invalids sell at from 10s. fid. to 15s. each. The 
sources of electricity, that is the batteries, are 
various. The Iit*claneh6 cell, used in the above 
electric bell sets, can be sold at Is. fid. each. The 
other well-known batteries arc Daniell’s (complete, 
pint size, 4s. fid.); Grove’s (pint size, 4s., platinum 
extra, about 7s. fid.); Bunsen’s carbon (pint, 
38. fid.) ; Smee’s (pint, Ss., requires a piece of plat- 
inised silver), and bichromate (pint size, Ss. fid.). 
After the Leclanehe the most popular is the 
bichromate battery. Dry cells are much in demand, 
the E. C. C. and Obach cells selling at from 2s. 
to fis, each. The Obach cells are distinguished 
by letters : B, D, M, Q, O, and jS., according to the 
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use to which they are adapted. The smallest arc 
D and S, and are useful for electro-medical 
purposes. Accumulators cost from 10s. for the 
pocket variety to £7 for a six-cell seven-plate battery 
with a capacity of 45 ampere hours. Spare jmrts 
of batteries are also needed and insulated copper 
wire for connections. The latter, cotton covered, 
costs from Is. 8d. (S. W. G. 16) to 3s. 6d. per lb. 
(S. W. G. 28). Small electric light sets sell well 
at 2s. 6d. when carded in like manner to the electric 
bell sets. Small electric motors in parte sell at 2s. 6d. 
(costing Is. 6d.), while motors ready for use can 
be bought to sell profitably at 28. to 15s. These 
little motors are useful for various imrposes, and 
are sold at prices up to £4 for serious work. In 
this department magnets are stocked ; these cost 
from Is. lOd. a dozen (2 in. long) to 90 r. a dozen 
(14 in. long). These are the ordinary horse-shoe 
magnets, but straight bar magnets are also in 
request, small ones for toys costing as little as 
Os. 9d. })er gross. A 12- in. magnet costs Is. 9d. 
each ; a 6-in. 6d. each. Magneto-electric machines 
used for medical purposes and for amusement 
can be sold at from 7s. 6d. (in pine box) to two 
guineas. Tlie latter is a superior apparatus in 
mahogany box. Telephones can be bought to 
sell at as low as 35s. complete. They are easily 
fitted up and useful for connecting dining-room 
and kiteWn or warehouse and shop. 

Radiographic Apparatus. Closely allied 
to the department just described is the sale of 
apparatus for rt Jiography or for generating X-rays. 
Small induction cons are used for obtaining shocks, 
one to give J-in. spark selling at 30s. Many 
boys prefer to make their own coils, and some suc- 
ceed, but it needs the patience and perseverance of 
an enthusiast to equal the product of the factory. 
The minimum equipment needed by the radio- 
grapher is a Ruhmkorff induction coil giving at 
least a 4-in spark. A coil this size costs £10, and 
owing to improvements of late years, the size of the 
coil has now been reduced to nearly half of what 
it used to be. A source of electricity is needed ; 
this can be either the electric supply of the town or 
accumulators. A four-cell accumulator (8- volt) 
costs about £3 10s., and can be recharged for Is. 
A Tesla transformer can be used in place of the 
coil; the cost is the same. The Crookes tubes 
cost from 12s. 6d. in their simplest form to 408. 
for some newer forms, which are fitted with water- 
cooled anodes. The fluorescent screens used in 
X-ray work are covered with barium platino- 
cyanide — an expensive chemical — rrl cost at the 
rate of £2 2s. for a double-coated scieen, 7^ by 10. 
A few accessories are needed, such as tube holder 
and connecting wires. The taking of radiographs 
is a branch of photography in that the plates are 
developed and printed in the same way, but a 
camera and lens are not employed. 

Optical Apparatus. Under this head is 
classed goods in which lenses arc used, except 
photographic lenses, which are treated of in the 
article on photography [see page 4419.] Micro- 
scopes in tlie simplest form — straight body in 
mahogany box — can be bought to sell at 3s. 6d. ; 
with three-power, divisible objective, 5s. and 6s. 
The next style is the pillar microscope, which 
magnifies about thirty times, selling at Ss. 6d., 
with more powerful instruments, which sell up 
to 20s. The better class of microscope for the 
student sells at two guineas, such an instrument 
having rack and fine adjustment, and J-in. objec- 
tive fividing to 4 in. and 1 in., the whole being 
in a cabinet. Better instruments sell at £5; but 
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a microscope for bacteriological work costs £15, 
and may cost £50 for one of the magnificent pro- 
ductions of Zeiss, of Jena. There are a number of 
accessories required for the worker with the micro- 
scope, such as dissecting scissors (sell at Is. each), 
scalpels (Is. each), glass slips (cost 2s. 6d. gross), 
zoophite troughs (Is. and Is. fid. each), midroscopic 
slide cabinets (from Is. each, holding 12 slides, to 
48. each, holding a gross of slides). Microscope slides 
sell at from 3d. to Is. each, the former being for 
small instruments. There are special lenses made 
for botanical students, knovm as Coddington and 
Stanhope lenses. These sell at 3a. to 4s. each, 
according to the manner in which they are mounted. 
The folding triple lenses much favoured by natural 
history students sell at 2s. 6d., and cost 14s. and 
15s. a dozen, according to whether the mount is horn 
or vulcanite. Linen provers used for counting the 
threads in cotton and linen cloth — small folding 
lenses — cost from 5a. a dozen to 35s. a dozen. 
Watchmakers’ eyeglasses cost 4s. to 7s. 6d. Tripod 
microscopes, known also as gardeners’ microscopes, 
sell at Is., and cost 9s. a dozen. Toy microscopes 
can be bought, carded, to sell as low as fid. each. 
Reading glasses, favoured by elderly people, sell at 
9d. to 10 b. a good way to buy these magnifiers is in 
a set of 13, which costs 35s., a stand for contain- 
ing these beirig supplied at 4s. 

At the seaside telescopes are saleable, but cheap 
carded lines can be sold anywhere at prices ranging 
from Is. fid. The better class telescope, achromatic, 
three-draw, leather covered, sells at 5s. (10 lines) to 
15s. (19 lines). A tourist telescope with four draw 
tubes, which sells at 20s. to 30s., is a popular line. 
Such an instrument has a sling case for carrying 
it. Marine telescopes sell at 15s. to fiOs., and 
astronomical telescopes cost from 35s. to £10, 
selling at 2 guineas to 12 guineas. Binocular tele- 
scopes, which are in form like long 0 }>era glasses, 
cost from £3 to £6, a medium size, in case, being 
obtainable to sell at £4. From binocular telescopes 
to opera glasses is but a short cut. Opera glasses 
can be had to sell at 4s. fid., but these are non- 
achromatic, and unpleasant for continued use. 
Achromatic opera glasses (leather-covered, nickel 
mounts, six lenses) cost about 58., and sell well at 
7s. fid. Better instruments cost up to 70s. each, 
but a good saleable line should be stoc'ked which 
sells at 15s., which is the popular price. There are 
much more expensive forms of o]iera glasses, the 
extra cost being made up of the pearl and gilt ex- 
teriors. Field and marine glasses co«t from 9s. to 
fiOs., a line selling at a guinea and a half being in 
demand. The new prism binoculars of Zeiss or 
Goerz sell at from £5 10s. to £9. This seems a long 
price, but they are well worth it when the optical 
qualities are considered. vStereo8coj)es are not at 
present so popular as formerly, but they have a 
steady sale. The cheapest sell at 2s. each, a good 
hne being one selling at 5s. The views for use 
with these sell at 3d. to Is. 3d. each. The pedestal 
stereoscopes fitted with revolving stereoscope and 
holding 60 slides sell at 30s. to £3. Bacterio- 
logical apparatus proiierly comes in this section ; 
besides a good microscope, various accessories are 
needed for preparing and staining the various 
bacteria. 

Meteorological Apparatus. Thermo- 
meters sell for as low as fid., but at this price are 
not very trustworthy. One shilling is a recog- 
nised price for a thermometer, and to sell at this 
price a good boxwood scale, mercury column instru- 
ment costing 88. a dozen is recommended. Bath 
thermometers have square, wooden frames and a 
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handle, so that the water of the bath can be stirred. 
The graduations are also specially indicative of the 
temperatures of the different baths. Metal frame 
thermometers are best adapted for outdoor use and 
in the greenhouse. In the latter position, maximum 
and minimum thermometers are of greatest use, 
a good instrument selling at 5s, Mercury ther- 
mometers with enclosed scale are also sold for 
chemical use, while clinical thermometers for taking 
the temperature of the body are in CTeat demand. 
These sell at 28. Gd., 5 k., and 7s. 6d., the last-named 
being lens-fronted and specially sensitive. 

Barometers are in two varieties — aneroid and 
Fitzroy. The cheapest kind of aneroid, 4i-in. dial, 
sells at 12s. 6d., letter kinds in wood outer case 
Selling at 15s. to 20s. Aneroids are also sold 
mounted with a thermometer at a price to allow 
them to be sold at 30s. to GOs., but much more 
money is required to buy some of the elaborate 
Qiippendale patterns, it being in those cases a 
matter of cabinet-making of the best kind. 
Fancy forms of aneroids are made for presentation 
as sporting trophies — usually combined with a 
clock. Fitzroy and pediment barometers, in which a 
column of mercury is employed, sell at from 15s. 
Self-recording barometers, or barographs,' in which 
variations of atmospheric pressure are automatically 
recorded, cost from £4. Rain gauges sell at from 
7s. 6d. to 16s., the former being fitted with a 5-in. 
japanned tin rain gauge. Other instruments falling 
in this section are anemometers (for registering 
wind pressure), sunshine recorders, weather glasses, 
and hygrometers. 

Physical Apparatus. There are a numl>er 
of apparatus which do not properly fall into any of 
the foregoing sections, but which are purchased 
from the dealer in scientific apparatus. Among these 
may be mentioned water stills, milk testers, hydro- 
meters, alcoholometers, saccharimeters, )>olari- 
meters, urinometers, and argentometers : tinto- 
meters, nitrometers, photometers, pedometers, 
micrometers, and viscosimeters ; cement testers, 
flash-point apparatus, air pumps, theodolites, 
sextants, and compasses. These are mentioned to 
show the almost unlimiU'd sco])e of the trader in 
these goods. Drawing instruments, measuring in- 
struments, mechanical counters, slide rules, gauges 
and graduated instruments are other classes of 
instruments which open up a vista of promise to 
one extending the scope of his business, 

SEEDSMEN 

In the spring the householder’s fancy often 
turns to thoughts of seeds. This applies more 
particularly if the householder is a resident of 
Nuburbia, with a garden and grass-plot of his own, 
however small And who does not pride himself 
on his flowers, or who tends with more pathetic 
care the cabbage, carrot, or ix)tato of his own 
rearing than the man in the town, who more often 
than not has been reared in the country ? The 
impetus which the “ return to Nature ” has 
given to growing not only the flowers of the field 
but the produce of the earth, in recent years, has 
been marked, and Garden Cities are now a vogue. 
Without taking into account, therefore, the needs 
of the gardener, the agriculturist, and others 
who make their livings by the growth of seeds, it 
will be seen that the demand for the staples of 
the seedsman are more or less universal. There 
are openings all over the coimtry for good, practical 
seedsmen who know their business thoroughly; and 
the seed and allied trades appeal to the nealthful- 
minded yoimg person, not only from a hygienic 


but also from a pecuniary point of view. There 
is money in it and a crying need for well-trained 
men. The ironmonger and the chemist often 
have seeds as a side-line, but the selling of seeds 
is the true business of neither, and the man with 
the sure inside knowledge always has the pull. 

. The Importance of Apprenticeship. 
It is extremely important, therefore, that the 
youth who intends to be a seedsman should be well 
trained. The decline of the apprenticeship system 
has of late years adversely affected this as well 
as other trades. Nowadays, many of the men 
who go into the business are but imperfectly 
acquainted with the rudiments of the work. They 
have served no regular apprenticeship ; in fact, 
the hurry and scurry of moaem competition renders 
it increasingly difficult for employers with the 
necessary facilities to spend time in the training 
of apprentices. But the importance, from the 
point of view of futme success, of serving a proper 
apprenticeship cannnot be unduly emphasised. 
The lad who in some way has been connected 
with the country, or whose parents are engaged 
in agricultural or horticultural pursuits, often 
makes the best seedsman. But a country up- 
bringing is by no means indispensable, for many 
of the successful seedsmen of to-day are town- 
bred. The essential thing is to servo a regular 
apprenticeship of four or five years with a good, 
practical seedsman who has an all-round general 
business. Indentured apprenticeships are a thmg 
of the past, and more is the pity ; but there are still 
many places where the business can bo learned 
thoroughly and where the boy will be paid a wage 
of 4s., 5s., 6s,, 7s., and 8s. i)er week, during the 
l»eriod of his tutelage. 

The Training and After. Having 
seler*ted a good medium-sized business as a train- 
ing-ground, the youth will find that — should the 
employer also bo a nurseryman — he will spend 
most of the first two years in the nursery, learning 
the mysteries of potting, transplanting, grafting, 
and so on. Ho will thus become familiar with the 
names and characters of plants, and any leisure 
he may have can be advantageously devoted to 
the study of trade catalogues, by means of which 
he will become acquainted with the names and 
kinds of seeds, flowers, bulbs, etc. At the end ot 
two years he will probably be taken into the shop, 
where, in the busy season, he will assist in packing 
and delivering the goods sold, and will gain a 
knowledge of the importance of chemical manures 
and the innumerable horticultural sundries sold 
as side-lines. In the course of the next three 
years (we are assuming a live-years’ apprentice- 
ship) he will gradually rise to the position of counter- 
man, assisting generally in the finer departments of 
the business. He will also learn business methods, 
and in a medium -sized business, such as forms the 
ideal apprentice-ground, it is customary to give the 
apprentice a period at the books. His apprentice- 
ship over, the youth who has applied himself to the 
acquisition of knowledge will have no difficulty m 
getting a situation as assistant in another business 
at once, at a wage of from 208. to 25s. per week. 
The supply of good assistants is never greater than 
the demand in the seed trade, for there are so many 
of the untrained, or only partially trained kina 
about. This is largely owing, as before indicated, 
to the gradual disuse of the apprenticeship system, 
BO that the thoroughly trained man need never be 
in want of a situation, and may earn anything 
from 20s. to £2 a week, according to his capabiUty 
and energy. 


4995 



•HOPKIKPINd 

Launching Out. An experienced seedaman 
lias laid down the dictum that it is unwise to start 
in the seed business on one’s own account until 
one has had an experience of from ten to fifteen 
years. Probably the ambitiouj^ young man will 
chafe at the idea of waiting ten years after appren- 
ticeship before trying his luck, especially if he be 
possessed of £100 or £200. A partnership in a 
fairly large business, where the partners can 
superintend different departments, may be con- 
sidered, especially where there are possibilities of 
considerable development. But we shall assume 
that the young, and now experienced, seedsman 
resolves to start out “ on his own.” Of course, he 
may find that some particular part of the business 
suits him best, and in that line — agricultural 
mainly, horticultural mostly, or the bulb trade 
entirely — he may specialise. But the usual plan 
is to begin a business of a general character and 
gauge the necessities of the locality before specialism 
is attempted. With a capital of, say £150, a 
small shop would be selected in a good business 
neighbourhood. If in a country town the high 
street, or market place should be the scene of 
operations, for there the farmers and other country 
people usually foregather. If in a suburb the shop 
may be a very tiny one with, perhaps, a piece of 
nursery ground attached. The fittings m n medium- 
sized shop would not cost more than £20 to ^‘lO. 
The most ex^x'nsive item is (he drawers for seeds, 
of which fifty would probably l>e required : but 
these may ofb i be bought second-hand in sale- 
rooms or elsewhere, the rejected fittings of some 
groeer or chemist. A few shelves round the walls, 
a counter, two sots of scales (one small for the 
tiny seeds, the other for the heavier seeds), a 
weighing machine for potatoes, manures, etc., one 
or two scoops, and a number of wooden bins would 
complete the fittines necessary. 

Stocking. It is quite unnecessary, nowadays, 
for the beginner to lay in a large stock of any 
class of goods. He would merely order a small 
supply of each commodity for a show, trying to 
find out as well as he could the class of goods 
most in demand in the neighbourhood. There are 
many large seed -growers and merchants, like 
Sutton & Sons, of Reading, ready to supply him, and 
almost anything he may require can be procured 
within twenty-four hours. But one principle should 
direct his purchases all Ihrough his career. He 
should be careful to select for his stocks only 
the finest seeds, bulbs, or w'hat not, that he can 
buy. His experience will have taught him how to 
judge the goods and the reputable houses to buy 
from. Cheapness for cheapness’ sake should be 
avoided at all hazards. Bearing this in mind he 
would expend from £20 to £30 in laying in, in 
J -bushel and J-biishel quantities, quick-sellinw 
seeds like beans (broad bean, kidney bean and 
runner bean), i>eas, etc., selecting the varieties 
that are popular in the district. Tlien there are 
vegetable seeds like beet, broccoli, brussols sprouts, 
cabbage, carrots, leeks, onions, lettuces, parsnip, 
mustard and cress, parsley, radish, spinach, cauli- 
flower, and celery, to be ordered in from J-lb. to 
1-lb. quantities. Other vegetable seeds like 
endive, chervil, cucumber, melon, vegetable marrow', 
tomato, etc., would be wanted in ^-oz. or 1-oz. 
quantities, according to their relative value and 
popularity. Sweet and pot herb seeds like anise, 
balm, basil, borage, caraway, fennel, horehound, 
hyssop, lavender, marigold, marjoram, rosemary, 
rue, sage, savory, thyme, and wormwood, would 
likewise be stocked in ounces or smaller quantities. 

4996 


In beans, peas, cabbage, onions, turnips, etc., the 
varieties are so numerous and the idios^crasies 
of neighbourhoods in the way of likes and 
dislikes so dissimilar, that it would be impossible, 
even if it wvre wise, to advise what kind to buy. 
The beginner w'ould probably have one or two 
kinds of seed potatoes — Early Champions, British 
Queens, Up- to- Dates, or some others, to which he 
would pin his faith. One or two varieties of 
these would be held in stock. 

Flower Seeds. This is an important de- 
partment to the seedsman catering for Suburbia 
or for towns of any size. It behoves him, therefore, 
to secure in ^-Ib. to 1-lb. lots the most popular 
hardy annuals, like convolvulus, candytuft, lupin, 
mignonette, nasturtium, stock, hollyhock, carna- 
tion, sweet pea, Virginian stock, wallflower (two 
or three varieties), sweet-william and sunflower. 
In smaller quantities order alyssum, Barton ia 
a urea, Calandrinia speciosa, Chrysanthemum tri- 
color, Collinsia bicolor and C. alba, ersymium, phlox, 
Eschscholtzia Californica, scabious, Eutoca viscida, 
Cilia tricolor, godetia, larkspur, Linum grand i- 
florum, love-lies-bleeding, Malope grandiflora, 
Matbola bicornis, Nigella Damascena, Nicotiana, 
Nemophila insignis, prince’s feather, Saponaria, 
Venus’ looking-glass, Viscaria osculata, and Whit- 
lavia grandiflora. In this department ilic varieties 
of sweet pea arc important, that flower being at 
the moment extremely fashionable, and when one 
thinks that in some wholesale catalogues there arc 
from 50 to 80 different varieties named, the magni- 
tude of the business will be understood. It may 
pay the young seedsman to specialise in sweet peas, 
chrysanthemums, or others, should he be located 
in a ” flowery ” neighbourhood ; otherwise his 
speciality may be in seed potatoes or a particu- 
larly fruitful brand of onions. 

Sundries. After these several necessary 
horticultural sundries must be considered. There are 
small stocks of chemical manures for lawns, plants, 
and flower-beds to be thought of, not to sj)eak of 
weed-killers and insecticides. In connection with 
the sale of the two articles last named the seedsman 
should be careful to see that the weed-killers or 
insecticide^! lie sells do not contain a scheduled 
poison, sucli as arsenic, strychnine, or nicotine, 
otherwise he is liable to prosecution under the 
I’harmacy Acts. Besides being an agent for the 
chemical manures used on a large scale by the 
farmer, he would probably find it advantageous to 
be an agent for nursery slock. Then the sale of 
garden tools and garden requisites, such as fruil- 
ncls. lawn sand, budding-knives, axes, hoes, rakos, 
scythes, spades, soissors, trowels, syringes, watering- 
cans, flower-])ots, seed-pans, lawn-mowers, and so 
forth, is looked upon as an adjunct to the seedsman's 
business, and £15 at least would have to be expended 
in such things. In an agricultural community the 
sale of agricultural implements is often developed 
into an important side line, for the ironmonger in 
such districts usually sells seeds. The alert seeds- 
man will not fail to take advantage of the money- 
spending that goes on so freely at Christmas and 
Now Year. Recently smart men have made quite 
a profitable feature of Christmas and New Year 
gifts in the shape of fancy white ware filled artisti- 
cally with flowering bulbs, such as tulips, hyacinths, 
and lilies of the valley, and ferns (retailing at from 
Is. to lOs. Od. each), baskets filled with growing 
lants and flowering bulbs (2s. 6d. to I5s. each), 
owls filled with ferns and bulbs (Is., Is. 6d., and 
28. 6d. each), palms, ferns, aspidistras, araucarias, 
solanums, hnaths and marguerites (from 3d. to 
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10s. 6d. each). There is also considerable trade 
to be done at this season of the year in Christmas 
trees, holly with berry, mistletoe, and evergreens 
for house and church decorations. All these show 
at least a 25 percent, profit on the return, and give 
a filip to trade. 

Agricultural Seeds. If the business done 
is mainly aCTicultural, some of the foregoing may 
be curtailed, and larger stocks laid in of farm 
seeds. There are many varieties of clovers (red, 
white, cowgrass, yellow, etc.), rye grasses, natural 
grasses, swede turnips, yellow turnips, white turnips, 
mangel wurzels, tares, rape, linseed, and seed 
}X)tatoe8, which farmer customers will demand. 
Then lawn-grass seeds are much in demand (in 
towns particularly). 

The Bulb Trade. The sale of bulbs and 
bulbous roots is quite a special trade, and many 
successful businesses are built up in large towns 
or busy neighbourhoods on bulbs alone. The more 
common bulbs may be stocked in J-dozen or 
i -dozen quantities by the general seedsman, but it 
is only by making a feature of this branch that a 
large trade can be done. However, if the seedsman 
has a preference for bulbs, it is a branch worth 
cultivating, provided he can get at the proper 
growers and obtain original and healthy plants, and 
a selection sufficiently varied. The bulbs and 
bulbous flower roots usually in demand are 
hyacinths, tulips, crocuses, jonquils, daffodils, nar- 
cissuses, irises, and liliunis for conservatories or for 
window decoration. For growing in the open ^oimd 
there are, besides those mentioned, gladioluses, 
anemones, ranunculuses, aconites, snowdrops, and 
begonias. The cost of these is not great, but the 
varieties are so numerou*^ that it will be found 
very difficult, at first at least, to keep anything 
like an adequate stock with the small capital 
indicated. 

PacKing and Packet Trade. Of recent 
years the trade in packet seeds has incredsed 
largely. This has not been altogether a good thing 
for the seedsman, for many small shopkeei)ers have 
made it a practice to sell flower-seeds, jjarticularly 
in j)enny packets. 8uch outside sellers not only 
diminish the sales of the seedsman, but often the 
j)ackct seeds of these irresponsible sellers arc held 
in stock season after season, and by the time they 
are sold they are useless. But at least one man in 
England has built up a large business in packeted 
seeds (flowers and vegetables), the main part of the 
business being done by ])ost. A regular seedsman, 
however, would not buy packet seeds. He would 
buy reputable seeds in bulk, send to a horticultural 
printer like Messrs. Blake & Mackenzie, of Liver-* 
pool, for pockets or coloured envelopes of different 
sizes, and weigh and pack his own seeds. The 
printers named have specialised in horticultui'al 
printing for over half a century. They introduced 
the flower and vegetable seed packets now familiar 
to everyone. Before then the seedsmen used to 
pack up their seeds in folded papers, and use cuttings 
of parchment for “ directions.” Nowadays litho- 
graphs in natural colours of the flowers and seeds 
are given on the packets, and the directions for 
use are printed on the back, along with the name 
of the plant and its characteristics. Seed pockets 
(plain), in sizes of from J-oz. to fl-oz. capacity, cost 
from 3s. to 7s. 6d. per 1,000. The coloured enve- 
lopes are a little more expensive. They may be had 
in all sizes, for all kinds of seeds, and they are very 
attractive. Seeds for quick sale are usually packed 
in Id., 2d., 3d., 6d., Is., Is. 6d., and 28. 6d. sizes, 
and they return a very good profit. Seed bags hold- 


ing from i lb. to 7 lb. are also needed. These are 
of good strong paper, and cost perhaps about 358. 
per cwt. The pockets, bags, luggage labels, and 
miscellaneous stationery have, of course, the name 
and address of the vendor printed on them. This is 
an advertisement every time a sale is made, but, 
in addition, it is advisable to issue a small cata- 
logue when opening shop. There are some fine 
samples of stock catalogues, bearing name and 
address on the cover, to be obtained from horti- 
cultural printers at a cost of about £5 per 1,(X)0, or 
even less^ There are many varieties of resplendent 
catalogues devoted entirely to the bulb trade. 

Business Bringing and Profits. 1'ho 
judicious distribution of a neat and effective cata- 
logue is one of the first things to be done in securing 
a connection. But, besides that, the man who 
means to make his way must go and look foi* 
orders. In the off season, during the summer, 
he should be cultivating the acquaintance of 
gardeners, farmers, amateurs, growers of fruits, 
flowers or vegetables, stewards of landed pro- 
j>orty, and other likely customers. In an agricul- 
tural district he will find that attendance at the 
markets is im])erHtive, and a good deal of hard 
work and j^ersistent canvassing has to be done 
before anything like a good business is established. 
With regard to remuneration for his work, the profit 
all round should average not less than 30 to 
40 per cent, on the turnover. The biggest profits 
are on the sales of the smaller seeds, and if only a 
large and quick turnover in made-up packets, 
can be seciu*ed, the gross profits will rise to the 
neighbourhood of 50 to GO ])er cent. But, of 
course, much smaller profits must be looked for 
during the first two or three years. If the young 
seedsman is making a living, he should be content 
])rovided he sees a prosy)ect of making headway. 
With the small capital mentioned he could not afford 
to give long credit. In country towns it is almost 
necessary to give some credit, however ; but the 
man with a restricted capital should look keenly 
after his accounts. It is a practice with owners of 
large estates to allow their head-gardeners or 
stewards a certain amount at the bank to operate 
with, and, especially as he becomes better known, 
the seedsman has often to wait twelve months for 
his bill. This tuust be allowed for in a higher price 
for the goods when invoiced. The typical seeds- 
man's })rofitH arc generally reckoned at 10 pt*r cent, 
on cash transactions, 20 ])er cent, on quarterly 
accounts, 25 j)er cent, half-yearly, and 45 ])er cent, 
yearly. The net profit should range at not less 
than 10 to 20 f>er cent, on the turnover. 

SEWING MACHINE DEALERS 

The selling of sewing machines may well be 
undertaken as a side line by many shopkccfKus — 
di'apers, ironmongers, cycle agents, sporting goods 
dealers, and many other retailers. The stock is 
not expensive, and its variety not unduly large. 
Sewing machines do not easily soil with ordinary 
care; fashion does not change the nature of the 
public taste as in many other branches ; and, finally, 
the profits arc very good. For these reasons a small 
stocK of sewing machines may well be bought by 
the retailer whose main business consorts well with 
the sewing machine trade. 

Stock. The trade in sewing machines may be 
divided into two classes— the family trade and the 
manufacturing trade. When it is desired to embark 
in it to only a small extent, and with the smallest 
disbursement of capital, the dealer is well advised 
to confine himself to the family trade. Should he 
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have capital to spare he may purchase one or two 
machines for tailors’ use, but for manufacturing 
purposes on a larger scale he should refrain from 
nolaing stock, contenting himself with selling 
from the catalogue. Factory installations of sew- 
ing machines are keenly competed for, but the 
order is usually a good one, and the task of keep- 
ing the machines in repair can u^^ually be secured 
by the man who supplies them if he be in the 
district. 

The draper, or other shopkee]>er, who wishes 
to stock sewing machines on a very modest scale 
may enter the trade with the ex}X‘nditure of not 
much more than a ten -pound note. He can pur- 
chase, say : 

1 High arm family machine . . . . £2 10 0 

2 Ditto, with extended leaf table . . £5 10 0 

2 Ornamental covers 0 18 0 

2 Hand machines, with covers. . , . £4 G 0 


£1.S 4 0 


With this stock he can make an impressive 
window disjilay, and do quite as much trade as 
lie could with double the number of machines. 

In some districts a hand machine mounted 
on a stand with treadle attachment, and detachable 
therefrom, is sold in some quantity. It is con- 
\enient and gives the user the advantage of the 
hand machine as well as those of the treadle machine. 
The cost price of such a machine is ]5 r. to 20s. more 
than of a hand machine. 

Local preference plays some part in the kind of 
machines sold in a district. In this country, for 
instance, treadle machines are sold in ovorwhelm- 
}ng numbers; but in British (^olonies, South Africa 
for instance, hand machines are sold five or ten 
times more than the larger models. 

The bulk of the sewing machines sold by private 
traders in this country are of German manufacture 
and are jnirchased through the wholesale agents 
resident in this country. But British machines 
can be obtained for about the same prices, although 
the finish of the German machines is better than 
that of English machines at the same price. 
American machines are also sold, but chiefly direct 
to the public by the representatives in this country, 
so tliat practically choice of the market lies between 
Englisli and German manufactures. 

Profits* Retail lists of sewing machines are 
usually drawTi up so that the retail prices showm 
represent double cost prices. The list is usually 
adhered to in selling on the instalment system, 
and for cash transactions a discount of from 
10 to 25 per cent, is given. The profit seems 
good, and it is. But there is an enormous difTerence 
between gross and net profits. The expenses of can- 
vassing and collecting, of upkeep, and of loss by bad 
debts has to be met out of the apparent 100 per 
cent, profit on cost prices, and cash business, although 
at a considerable discount, is much more welcome 
to the dealer. It is not often that there is induce- 
ment to cut prices much in the sewing machine 
business. The chief competition comes from large 
manufacturing copipanies with expensive systems 
of distribution, and the prices of these companies 
.irc based on a higher scale than those we have given. 

Some cautions regarding the hire-pm*chase system 
of business are given on page 704, 


Old Machines ae Part Payment. It is 

frequently necessary to take an old sewing machine 
as part payment for a new one. The customer 
usually has exaggerated ideas I’egarding the value 
of his old machine, which, in the auction-room or 
as old iron, is not worth more than half -n -crown. 
The dealer must make an allowance for the old 
machine, taking no consideration of what he may 
expect to realise for it. One large company follow's 
the practice of allowing 20 r. from the price of a new 
machine for any old machine taken as part payment. 
This allowance, of course, comes out of profit, 
which must be on a scale high enough to stand it. 

Repairing. The repairing of sewo’ng machines 
is pro)ierly undertaken by those w^ho sell them. 
A fair trade may be done in selling them only, 
but here as elsewhere the public like to purchase 
where they can have repairs executed. The dealer 
who has to send to he done elsewhere the rejiair 
work that inevitably comes to him labours uiid(T 
a disadvantage. ^pair wmk is remuneratne. 
The average owner of a sewing machine is ignoranl 
of matters mechanical, and the mere adjustment of 
a screws or tension, or a drop of oil given in the right 
]fiace may usiially be charged for at a good price, 
in framing the scale of repair ]:irices, a minimum 
charge of, say, one shilling, should be adopted. 
Claims for payment of repairs should be made not 
so much upon the actual time taken in their execu- 
tion — although no charge should be less than a fair 
return for the time spent at the work — but upon the 
value of the service rendered. No charge can be 
made for adjustments and reasonable repairs to a 
machine which has been sold for cash leas than twelve 
months before or to a machine sold on the hire- 
purchase system and not yet fully paid up. 

No instructions can be given regarding sewing 
machine repairs. The same qualities which go to 
the making of a successful watc'h rejiairer or cycle 
repairer make a good sewing machine repairer — 
namely, the ability to reason back from effect 
to cause in mechanical matters, a well developed 
mechanical aptitude, and handiness with the screw- 
driver. A careful study of the mechanism of 
a sewing machine, the task of dismounting and 
re-erect mg it, and an examination of the functions 
of each individual part will do more to make a 
man a sewing machine mechanic than tomes of 
printed instructions. 

The chief point which the shopkeeper handling 
sewing machines has to decide is whether he will 
make the trade a cash one or if he will invite ordcis 
from buyers, who will purchase only on the so-called 
“ hire-purchase ” system. Both methods of doing 
business have their advocates, and both have their 

i ioints of recommendation. Unless the shop- 
keeper is prepared to establish a thorough system 
of canvassing and of instalment collection along 
with the necessary system of bookkeeping, or if he 
have not cash available to finance an instalment 
business, he will be wise to restrict himself to cash 
trading. The instalment method should not be 
attempted unless the capital at command be at 
least £,500. To attempt it on less than this sum 
is to remain for a good time under the necessity of 
restricting the extent of the business to small 
dimensions or to risk collapse by an overload of 
assets in the form of book debts which cannot be 
realised when desired and wben needed. 


Continued 
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MACHINK T<M)L8 

(Oiiiliiued from page 4924 


By FRED HORNER 


A MACHINE TOOL may be defined as the com- 
bination of a tool and a machine arranged so 
that the tool is operated and controlled with precision, 
instead of depending on the human element, as is 
the case with a hand tod. In most metal-working 
oi>erations the advantage is all on the side of the 
machine tool ; it is able to do nearly everything 
that the hand tool can, and a good deal besides. 
The valuable property of guidance possessed by 
machine tools is also combined with that of 'power ^ 
which means that the capacity or output of hand- 
worked tools is immensely exceeded by machine 
tools, so much so in many cases that certain work 
could not be produced by hand methods at all, or 
only in an imperfect manner and at great cost. 
In a modern machine shop we find a large variety of 
machines engaged in working castings and forgings, 
while the oruy handwork done (in the fitting shop) 
is chipping, filing and scraping — a little cnipping 
and filing where it has not been worth while sending 
a piece to the machines, and scraping as a fint* 
finishing process on high-class work. All the rest is 
effected with machines that plane, shape, slot, drill, 
bore, face, mill, screw, and grind. 

A distinctive difference between machine tools 
and some other mechanisms lies in their relative 


machines represent one type; drilling, boring 
milling, screwing, and grinding machines the other. 
The fost class cut intermittently — having a non- 
cutting return stroke — the second operate continu- 
ously. This makes an essential difference to the 
feeds f or movements by which the area to be tooled 
is gradually covered. In the reciprocating machines 
with non-cutting backward stroke a definite lateral 
movement or fe^ is imparted to the tool or the work 
after each stroke or cut ; in the rotary machines 
feeding may be continuous. The speeds are the 
rates of cutting, and the feeds arc intimately related 
thereto, since their amount mu^t depend on the 



41 . OPEN-RIDE PLVNLK 


accuracy of construction. A machine tool has to 
produce accurate surfaces by virtue of its inherent 
build, and its parts must therefore have true 
rectilinear movements, and spindles and slides 
must move without shake or slackness. Something 
beyond mere fitting of portions together is involved ; 
they have to bo made or adjusted to pass certain 
tests, and provisions for taking up slacknesses due 
to wear are necessary in order to provide for the 
future. 

Principles- Machine tools are divisible into 
two great groups, the reciprocating and the rotary. 
In the first-named the movements of the tools 
(or the work) are linear; in the second, revolving 
tools are employed. Planing, shaping, and slotting 


capacity of the tool or the work to withstand the 
strain of a given cut at a certain s])eed. There may 
be either a high speed and a light cut, or a low speed 
and a heavy cut. 

Provision must be incor})orated for obtaining 
different rates of speed and feed, to suit the various 
materials and classes of operations dealt with. 
Ai-rangements for holding down the pieces of work 
and for gripping the tools are also cssenl lal. Devices 
for rendering the machines more or less self-acting 
or automatic inaction are necessary for economietd 
reasons as well as to produce good work. If a 
machine docs not need the services of an attendant 
to effect certain motions or reversals, then he may 
be usefully engaged else- 



where, )>erhap8 on 
another machine, in set- 
ting or removing work. 

Means must be afforded 
of setting or adjusting 
])ortioiis precisely, in 
tjider to tool the work to 
close sizes. Other sub- 
sidiary matters are : 
efficient lubricating de- 
vices for spindle be^ings 
and slides, and lubrica- 
tion of another character 
for flooding the work and 
tools during cutting ; 
protection to vital parts 
of the machines from the 
chips and dust produced 
during working, which 
would otherwise cause 


89 . END VIEW OF PLANER 40 . SIDE VIEW OF PLANER damage to the surfaces 
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%2. RICHARDS SIDE-PLANER 

and bearing^;. Some movement or travel is necessary 
in all cases to tool surfaces, which movement may be 
imjmrted either to the work or to the tools. It is some- 
times a matter of indifference which course is 
pursued, while in eertain eases a decided advantage is 
gained by one method over the other. For example, 
some es}iecially massive castings are machined 
while stationary, the tools themselves travelling, 
while an immense quantity of smaller pieces are 
commonly tooled by moving them past the cutting 
tocls. It IS scarcely a question of relative accuracy 
or truth of surfaces, but one of convenience pri- 
marily. 

We do not need to take up the description of the 
various details 

of machine tool R " ~"iin :''W V ""h'n r ^ 

consti notion 

here, as m the i o 

article on the ©inpi o e 1 'no 

lathe, because , 

typK'al com- o,:.-:- '■ — 

plete drawings j [; 

are shown, con- ’ ' 

taining the elements, which may be , , 
studied conveniently thus. There ,1 ^ 

are certain w’cll-known details, and , ia 

jmrticular mechanisms, which are ' 

found to lecur constantly in different 
types of m<achines, modified according iK 
to their applications. Mention may • 
be made of beds carrying other beds, 
i^r slides or tables, which are tee-slotted to receive 
(‘lamping bolls; tool slides with saddles and tool- 
holders, firculai spindles, carrying tools, or driving 
bars; pulleys and geais for producing rotary 
motions; levers tor transmitting rock- rrv 

ing action; screws, racks, and levers [ 

for causing to-and-fro motions ; striking . mMMfTi 
gears or trips for throwing mechanisms J 

out of action or producing reversals of f 

direction of motion ; balance weights ! 

for counteracting the irregular move- . 

ments of heavy sliding portions; ' r 
clutches and belt-shifting devices for : 
stopping or change of motion or speed : i 

quick-return mechanisms, by \ 

which the wasteful backward 31 ; 

stroke of tables and rams is ^ j I ‘ 

accelerated, and its duration — [" 

shortened. /Yrt'O • K 

Planing Machines. _/x^^ S 

After the lathe, the planing / \ [ 

machine is the primary machine , ^ |- [ 

tool m a shop, doing for plane 
surfaces what the lathe does for 
circular ones. By its means 
linear portions are machined at 
right or other angles to each 
other. Great lengths are tooled, 
either in one casting or on a 
number set in line. Tne method 4 




by which these operations are accom- 
})li8hed is to provide a long table, 
m I sliding beneath the tools, and so 

'.N Tm carrying the work past them, while 
■ n| jnn feeding is done at each interval 

— lietween strokes. This feeding may 
be either across or up and down, or 

angularly, according to the disposi- 

- T~ a3 fc tion <3f the faces on the piece being 

‘"J n * treated. These conditions are met 
by the design in 45. in which the 
deep hedf resting on the floor, provides 
a runway for the slotted table, mov- 
ing with vees on the bed. Two uprights, or homing St 
are fastened to each side of the bed, and support 
a cross-rail upon their vertical faces. This rail can 
be moved up or down by the handle seen, operating 
mitre wheels, and vertical screws within the hous- 
ings, working in nuts attached to the rail. A 
saddle slides across the rail, driven by means of a 
screw, and a slide and tool-hox is bolted wdth a circu- 
lar facing on the saddle to enable the tool to be set 
angularly. A small range of vertical motion is 
given to the tool-slide by nandle and screw, or self- 
actingly. The cutting is done w^hile the table is 
travelling towards the tool-box, the latter being 
pivoted to let the tool drag lightly when on the 
^ back stroke. 

jQ? n . _ The table is 

driven Viy the 

"ill I ill ^ \ pulleys seen at 

X - O ] the side, there 

TFJ / being three, one 

JL fast central one, 

Ao Bide ones. The 

48. DRIVING MECHANISM OF 

SIDE-PLANER ^ ^ ^ ^ J 

crossed belts, which are shifted in turn on to 

the central pulley, to drive it in one or the 
other direction. The power is tlicnce transmitted 
to the inside of the bed by spur gears, ter- 
minating in a large spur, called a hull- wheels which 
meshes with a rack attached to the underside of the 
table, and so drives the latter. The automatic 
reversal of the table is effected by the dogs or stops 
seen bolted to its edge by a tee slot and bolts. Kach 
dog is clamped m such rr 

a location that it strikes j 

a lever pivoted upon the e a 
side of the bed, and T ^ 

transmits the motion to ^ ^ 

other levers terminating 
in belt-shifting forks r J H 
over the pulleys. The 1 H ^ ^ 

- table travels therefore, - H 

and the tool cuts, until a g 

dog actuates the striking ; 

mechanism, the fast ^ 

pulley being 
' :* Id suddenly 


TOOL-BOX OF SIDE-PLANER 
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45. STANDARD PLANING MACFTINE 


ill nn opposite direction. At the moment of reversal 
n feed is given to the tool-slide by a vertical rack- 
bar placed behind the cross-rail and reciprocated 
up and down by a small crank disc driven from 
the table gears. As the rack- bar moves a little, 
it partly rotates a toothed wheel, which by a ratchet 
device gives a partial rotation to the feed-screw 
lying inside the cross-rail, or to a splined shaft 
;ibovc it, by which the dovm feed of the slide is 
obtained. 

The arrangement of a cross-rail on its housings, 
with saddle and tool- box is shown in 39 and 40, the 
parts being clearly seen, so that reference letters are 
unnecessary. A sectional view of a tool-box for a 
side-filaner is shown later in this article, and 
its construction is so much like that for an 
ordinary planer that we 
need not give space to 
illustrate the latter also. 

Driving Mechan» 
ism. The drawings, 39 
and 40, of a machine by 
t’unlift'e & Groom, Ltd., 

Manchester, include the 
driving mechanism. It 
does not embody the 
three pulleys d(“icribed 
in connection with 45, 
but has two sets of 
last - and - loose pulleys, 

each set having its own driving belt, and a ditTercnce 
being made in the diameters to produce a rapid rate 
of return. This method has some advantages omt 
tlio other by u.sing three pulleys side by side, 
chiefly in the direction of easier and quieter 
reversal. In 39 and 40 the two fast pulleys, A and 
B, drive the shaft, C, which passes through the 
bed, driving on the other side by the pinion, D, 
to the large spur wheel, E. The last is mounted 
on a shaft going through to the centre of the 
bod, where a pinion meshes wu*th the large bull- 
wheel, F, engaging in the rack teeth under the 
table, G. The dog, H, bolt-ed to the table edge, 
strikes a lever, J, connected by a rod, K, to a . 
sliding plate, L. L has cam grooves formed in I 
it, which coerce pins as it J 

slides, and shift the belt forks, 

M N, turn. The disc, 0, on 
the ^.haft which carries E oper- 
atofl the rack-bar, P, by an 
amount variable by a screw 
within the disc. The ratio 
between cutting and return 
stroke in this machine is to 
1 . Twenty feet ]ier m inu tc was 
formerly considered 
satisfactory for 
planer tables, but 
this is much ex- 
ceeded now in the 
best machines, rates 
up to as much as 
no ft. being obtain- 
able when desired. 

M^higha^295Tt ^J^r HORIZONTAL PLANER (Hulseife Co., Ltd., Manchester) 

minute in the most efficient machines. Tn order to 
obtain an ettsy reversal and start at such high speed.s, 
several kinds of cushioning devices have been 
evolved, comprising springs which give sufficiently 
to absorb the shock of reversal. In one design the 
table rack is not bolted solidly, but has a certain 
amount of endlong freedom, coiled springs being 
placed at the ends, so that when the drive comes on 


suddenly, the rack gives way slightly and the 
table is started smoothly, "in another firm's 
machine a coiled spring is combined with a claw 
clutch in such a way that the clutch begins to drive 
gradually, instead of with a positive jerk. In both 
of these mechanisms the energy stored up in the 
springs during the stroke i.s made to help the table 
to start on its reverse movement, so relieving the 
belts soiuewhat. Other methods of 
driving are employed, besides the 
ordinaiy spur gears and rack, tn 
the Sellers drive, which 
has lx‘en applied for many 
years, a driving shaft is set 
at an angle in the bed, and 
a quick-pitched spiral gear 
engages with a rack under 
the table, producing a very 
.smooth motion, w'hich ad- 
mits of high return 
' sjieeds. The heaviest 
])laners are driven in 
many cases by large 
s (pi are-threaded 
screvv.s revolving with- 
in the lied, and mov- 
ing the table by nuts 
attach(*d to the under 
side. The nuts are 
made in two portions, 
so that they may l>e closed u]) in order to absorb 
slaekne.ss, or play bctw(*en the threads due to wear. 
If there wer(‘ notiocable b.icklash, it would interfere 
w'ith precise reversal, \\hich is accomplished by belt 
pulleys or reversing bevel gears on the end of 
the screw. 

Tables* 1’he vee'd form of sliding ways is 
v('ry popular, because it obviates the necessity 
of using adjusting strips to keep the table 
from wandering sideways. When flat slides 
are used, vertical shoulders must be provi- 
ded, and long wedge strips, to preserve the 
fit of the table &ideway.s. The weight of a 
planer table is sufficient to 
keep it down and steady 
.igainst the cut, except in 
some light machines, in which 
gib strips arc fitted to prevent, 
lifting. The oiling of a table is 
an important matter, because 
of the great weight, amount- 
ing to many tons in large 
machine^. As the oil would lie 
quickly squeezed 
out of the ways, 
it is kept con- 
stantly ajijilicd, 
by means of rol- 
l(Ts resting in 
])ockets or re- 
cesses in the lied, 
these pockets 
containing oil, 
which floats the 
rollers, and ketqis 
them constantly 
smearing the table slide-ways with lubricant. In 
addition to the longitudinal tee slots on the top 
of the table, a large number of holes are reamed in 
it, to carry stop which the thrust of work 

is received. 

The larger planers have two tool-boxes on the 
cross-rail, and also one on each housing face, for 
planing the sides of work. Modifications are ma(ie in 
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the forms of planers to accommodate special work. 
In frog and ttwUch machines for railway work, the 
housing are low, Decause the work is shallow. In 
the rouer-fluting machines a number of tool slides 
are fitted, and centres are mounted on the table to 
receive several rollers, which are fluted simul- 
taneously. Nuts are also planetl in a similar way 
upon mandrels. 

Open-side Planers. Open-sid^, or single- 
stanaard planing machines are designed to take 
pieces of work which ore too wide to pass between 
the housings of an ordinary planer. A machine of 
this class is shown in 41, having a rail or arm sup- 
ix)rted by a circular column, which itself carries a 
tool-box for side work. The rail has two boxes, 
actuated automatically in the manner already 
described. The tabic, from which pieces may over- 


tool is OTipped, and given a half revolution at each 
reversal, so bringing the cutting edge into action 
first on one side and then on the other. The rotation 
is effected by cords passing over pulleys on the 
cross -rail and around the tool socket. The peculiar 
jumping round action of the device led it to be 
termed a ‘‘Jim Crow.” In other fittings, the 
object sought is not to rotate, but to tilt the tool in 
its box in two directions, the end of the tool being 
made with double edges, which cut alternately. 

Special Planers. Pit planing machines are 
radically different from ordinary machines ; instead 
of possessing a travelling table, a large pit lies 
below the cross-rail, and the latter, with its housings, 
travels on guideways flanking the pit. Extremely 
massive objects may be held staliionary and tooled 
Armour plates are examples of the woi k so done. 



hang without obstruction, runs on flat ways. Its 
cutting and return strokes are effected through 
the large and small pulleys at the side, driven by 
open and crossed belts. A small pulley on the 
countershaft (shown dotted) drives to one on the 
column, connecting to spur and bevel gears, which 
drive a vertical screw for rais.ng and lowering the 
arm. 

Double-cutting Machines. In the ma- 
chines described previously, cutting takes place 
only while the table is travelling in one direction. 
To avoid the waste of time thus involved, double- 
cutting tool-boxes have been devised, to make the 
tool (of special form) cut in two directions alter- 
nately. These devices are used only to a limited 
extent by comparison with the number-of ordinary 
planers employed. The original design — the Whit- 
worth — consists of a round socket within which the 
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Vertical and horizontal planers also serve for 
massive work which is not convenient to put on a 
moving table. Large marine engine oastmgs are 
planed in this way. The machine [46] comprises 
a base plate to hold the work, which is operated on 
by tools held in a saddle that travels up and down 
a long vertical slide. The latter travels bodily for 
horizontal planing upon two slideways on the face 
of the vertical framing. I^rge, square-threaded 
screws are employed to drive the slides, and the 
feeding is performed in a similar manner, changes 
being obtained by gears. 

Side-planers. We have seen that the open- 
side planer possesses advantages for tooling bulky 
work. There is another machine, the side-planer, 
that is even more useful, though its construction is 
different, the tool travelling instead of the table. The 
fact that the table is fix^, and consequently the 





work doe«» not move, simplifies the attachment of the 
latter, and no matter how much its overhang, it 
can be supported with blocking and wedges. The 
Richards side-planer (by Geo. 

Richards & Co., Ltd., Broadheath), 
shown in 42, an example having 
a stroke of 6 ft., comprises a 
framing, on the front of which 
facings receive flat plates, held 
anyv^ere on the length with toe- 
headed bolts in slots. To each 
plate is fitted a hox table, with tec 
grooves on three of its sides. The 
tables are raised and lowered by 
the screws operated through bevel 
gears from squared s])mdlea ro- 
tated with crank handles outside. 

The four bolts seen at the front of 
each tabic tighten the lalfcr after 
adiustmcnt. The tables may bo 
used separately for different pieeos 
of work, or to support a single 
large piece between them. There 
IS a brickwork pit m front of the 
machine, into which deep pieces 
may hang. The saddle, w'ith its 
arm carrying a tool- box, travels 
along the top of the bed, being 
driven to and fro by a square- 
threaded screw inside it, revolved 
alternately by the large and small 
fast-and loose pulleys at the end. 

The belts on these pulleys arc moved by the action 
of the saddle striking stojis on the rod seen Iving 
above the bed. The 
details of this me- 
‘'•hanism are shown 
in 4f3 — a plan view 
of the saddle and 
driving mechanism 
and end view of 
the stripling gears. 

The fast pulleys 
are marked A and 
H, and the 
forks are shown 
both over the loose 
])iilley«^, in which 
]>osition theinaeh- 
Mie would be idle. 

When running, 
the arm, E, travels 
.dong until one of 
the liorn% F, on the arm 
strikes a stop, G, on the 
rod, H, which pushes the 
latter endwise, causing it 
to slide the plate, J, 
which coerces the forks, 

V, 1), moving one from 
its fast to its loose pulley, 
the other from its loose 
to its fast pulley, so reversing 
the direction of rotation of the 
screw, which works m a divided 
nut screwed to the saddle. At 
tlie moment of reversal an auto- 
matic cross feed, or a down feed 
IS given to the tool* box, not 
shown in this view, on the arm, E. 

The horns, F, have spiral edges, so that in striking 
G they give the rod, H, a twist, which is trans- 
mitted through encircling mitre gears to shaft, K, 
passing through the arm to the front, w here quadrant 
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gears and a ratchet device transmit the motion to 
either the feed screw, or the feed rod, which lie within 
the face of the arm. The tool-box [44] slides across 
the arm by the vee and square 
gib fitting. If may be fed 
across, or downwards by the 
square ends of the operating 
screws seen, A and B. The 
automatic cross feed is 
effected when the screw, A, is 
moved by the ratchet devices 
shown in 48 ; the down feed 
operates when t lie splmed rod, 
C, revolves, and communi- 
cates its motion through the 
mitre gears seen to the screw, 
B. The mitres passing through 
the saddle, D, are screwed and 
pinned together, as seen in 
the detail shown on the draw- 
ing. The intermediate j>late, 

E, may be revolved and 
bolted in any angular position 
on the saddle, D. The slide, 

F, is the one that is fed down 
by the screw, B ; it carries 
thn tool-holder^ hinged to allow 
the tool freedom on the back 
stroke, the device being 
termed a clapper box. A single 
jiillar holder is provided for 
the tool. The whole construe- 

tool -box is identical with that for 



54-in. geared slotting machine 

(Niles-Boment-Poml Co ) 
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tion of this tool-box is 

an ordinary planer, with the exception that four 
studs, with plates, are usually fitted instead of the 
single-screw post. 

Shaping Machines. machines boar 

a certain resemblance to the side-planer just de- 
scribed, but instead of the tool travelling longitu- 
dinally it has a cross or transverse stroke, produced 
by means of a slide or ram. The value 
of the shaping machine liewS in tooling 
comparatively short lengths, which 
cannot be so conveniently or economi- 
cally done on the planer. The length 
of stroke, moreover, is precise, since 
it does not depend upon shifting belts. 
In 47 and 48 a typical shapor (Tangyes, 
Limited, Birming- 
ham) of 12 in. 
stroke is shown in 
front and end eleva- 
tions. There is a 
table, A, elevat.ed 
with screw, mitre 
gears, and handle 
shaft, clamped 
against a plate, B, 
adjustable along 
the front face of 
the framing. The 
driving of the ram, 
(\ is through the 
rone pulley, T), 
thence from pinion, 
E, to wheel, F, 
which revolves .i 
short shaft carrying 
a crank disc, which 
has a pin and 
block fitting in the slot m a large link, H. The 
latter is pivoted to the bottom of the saddle easting 
nt J, and at the other end has a connecting rod 
coupled to the ram by a bearing clamped at any 
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position in a slot by a nut, K. As, therefoi-e, the disc, 
G, rotates, its pin and block go around and force the 
link, H, to rock (wn its pivot at J, and to reciprocate 
the tool ram from the other free end. The forward 
stroke of the ram occurs when the sliding block is in 
the upper part of the slot in the link, and the back- 
ward when in the lower part, the 
juov'einent in the first case being 
slower than in the second, thus 
giving a q^tick-retum &tro\iO to the 
rain. This device was one of 
Whitworth’s inventions, 
also applied to planers. 
The stroke is adjustable 
by bringing the pin in 
Cf closer to or farther 
from the centre. The slot 
in the top of the ram, C, 
is to allow the nut, K, to 
l>e slid and tightened at 
any convenient location 
to make the ram start 
from a certain point on 
a piece of work. 
After each stroke of 
the ram it has to 
be moved bodily 
sideways to impart 
feed, and this is 
derived from a 
slotted disc, L, on 
the same shaft as G. 
L rocks a connecting 
rod, coupled to a ratchet lever, N, intermittently 
operating a wheel (shown dotted) and thence a nut 
encircling the feed screw, O. The hand wheel, P, 
may also be used to feed by. The tool-box on 
the ram, C, has a hand down feed, and also 
swivelling motion by worm and worm (piadrant, 
enabling the tool to ^ set to an angle, or gradually 
worked round to shaj^e out a concavit}'. An im- 
portant fitting is the circular 
motion, shown detached at Q. 

It is inserted m a hole in 
the frame at K, and consists 
of a bearing and inandri I 
holding an arhor on which 
tw'o cones are placed, one 
being adjustable by nut to 
close up. Bosses and other 
pieces with holes in are held 
and centred by these cones, 
and as the tool above sha}>es 
the periphery, the w ork is in- 
termittently rotatf^d until a 
part or whole circle is tooled. 

Tliero is a worm wheel 
mounted on the mandrel, and 
turned by a worm ( 47 ] which 
is worked by a ratchet device 
similar to that at N, but 
operated from a crank -disc, 

S, and connecting rod, T. 

Machines of this class are 
constructed also with two 
tables, and also with two 
heads, to be used each on a 
separate piece of work, or 
both on one job. Other varia- 
tions in shapers include 
swivelling tables, bv which 
work may be angled, and 
the addition of self-acting 
down feed to the tool-box. 
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Some machines also are rack driven, like planers, 
the reverse being effected by open and crossed 
belts on pulleys, or by friction clutches. In such 
machines the rate of travel is constant during the 
stroke, whereas with the Whitw'orth crank drive just 
described it must necessarily vary continually, on 
account of the changing radii. The smaller shaping 
machines do not derive their feed from the side 
motion of the saddle, 
but the latter is fixed 
and the work-table 
slides upon a 
saddle, self-act- 
ing feed being 
given by a 
screw, with 
crank-disc and 
ratchet, as in 
planers. All 
shaping mach- 
ines cut on the 
outward stroke, 
with one excep- 
tion, the draw-cvt typo 
which cuts on the in- 
ward stroke. The 
advantage claimed is 
that the pressure 63. PLAN or SLOTTER TABLES 
tends to draw the 

slides up together instead of ]>u.shiiig them apart, 
as on the outward stroke, and that the ram 
does not tend to tilt up as when pushing out. 
These points may be considered as reasonable in 
the case of poorly built or worn machines, where 
the tendencies mentioned would be noticeable, but 
not in machines kept in good condition, so that the 
draw-cut device is not followed to any extent. 

Slotting Machines. Slotting machines are 
not suited for such a general ranee of work as planers 
and shapers, because they lack the capacity for 
length or the first, and the handiness of the second. 
But for a good deal of short-stroke work they are 
valuable, especially on pieces that stick out a long 
distance, and could not be put on a planer or 
shaper conveniently. Very heavy cuts may be 
taken, because of the peculiar characteristics of the 
construction. Figs. 49 , 52 and 53 show an 8- in. 

stroke Blotter by John Stirk & 
Sons, Halifax, in elevation, 
with a ])lan of the head, 
front view, and plan of 
table. Driving begins at the 
cone pulley, A, a store of 
energy being conserved by the 
flywheel, B, to assist the 
stroke of the ram when the 
tool suddenly encounters the 
work. A pinion, 0, drives the 
spur-wheel, D, keyed on a 
shaft passing through the 
frame to a crank disc, E, 
which is provided with an ad- 
justable pin and block driv- 
ing a pivoted link in the same 
manner as described in con- 
nection with tho shaper 
[47 and 48 ], The connect- 
ing rod, F, is pivoted to 
a pin held in the ram, G, 
the pin being adjustable 
by hand wheel and tight 
ened by nut, plate, and 
serrations on the ram face, 
to bring the ram to the 
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inoHt rorvrnient location for a given piece of work, 
'rhe balance wfeight, H, prevents jerky motion of 
the ram. The tool is gripped by the atrajm at the 
bottom end, and the tool is prevented from slipping 
irj) by the stop-block bolted on the face. The 
table slides comprise a saddle, J, an upper slide, K, 
and a circvJar tabli\ L, providing for movement 
to and from the column, transversely thereto, and 
H circular motion. The feeds are derived from a 
disc, M, which has a cam groove in its face, coercing 
a y)in in a lever, and r(x;king the connecting rod, N, 
winch has a ratchet fitting to feed the wheel, O, 
intermittently. O is on a splined shaft lying below 
the slides, and eonnection is made to the operating 
serew’s within these by mitre wheels and spur 
wheels, the aefions being thrown in or out by 
sliding pinions. The rotary motion of the table is 
eFeeted by a worm and wheel [see 49 and 63 ). 
All the motions may be operated by hand also. 
When not required to revolve, the table is clamited 
with four plates round the bevelled edge [ 53 ]. 
The hole in the eentre I'eeeives a mandrel for hold- 
ing eireular w'ork by. When tnp(T key wavs have 
to be slotted, tables are made 
with a hinge arrangement, by 
whieh a .slight amount of tilt 
can be imparted to throw the 
work over, and so slot out of 
])arallel. 

The ordinary slotter has no 
provision made for relieving the 
pressure on the tool during the 
return stroke, but some are 
supplied w'ith a hinged box, 
similar in principle to the 
clap|>er box of a -jilaner ; others 
have it embodied in the tool 
bars. 

Variations from the ordinary 
jiraetice include the getting of 
quiek-roturn by dliptical gears, 
formed in half portions, which 
alternately come into action, 
and give slow and rapid strokes 
for cut and return ; the addi- 
1 ion of tool clam]^s on the hotioni 
of the ram, to hold special 
tools : driving the ram by 
screw, or by rac'k in the large 
machines. Fig. 50 is a fine ex- 
ample of a heavy machine, the 
stroke being 54 in. It is rack 
driven, and reverses its motion 
like a planer, with shifting belts on fast and loose 
]>ulleys. The counter-balancing is done with weights 
at the back, connected by steel wire ropes pa.ssing 
over pulley.s to the ram. 

Frame-plate Slotters. Locomoiive jmmr- 
fUata slotting mackinets bear little resemblance to the 
ordinary slotters, except in possessing vortical rams. 
Several of these arc mounted on cross-rails and 
heads [ 51 , which is a four-head machine], and they 
are fed along or across to slot out the shape of the 
frame-plates, a pile of which is bolted down to th(‘ 
table to be operated on. The heads are travelled 
along the bed by screws at the sides, and the driving 
of the heads is effected from a splined shaft seen 
running up the length of the machine on the left- 
hand side, driving bevel gears which communicate 
motion to cross shafts above the rails. Drilling 
nttachmonts are also fitted to the heads for drilling 
the holes in the plates at the same setting. The 
entire machine is driven from an electric motor at 
the far end. 


Drilling Machines. Drilling machines and 
boring machines are a large group embracing many 
types, for small or large work, of horizontal or 
vertical designs, with provisions for drilling or 
boring one or several holes simultaneously. A 
drilling machine is strictly one for originating holes, 
a boring machine one for enlarging them, though 
the distinction is not always rigidly observed. In 
a drilling machine the essential points are means 
for rotating the drills, feeding them to their work 
or vice vers.a, clamping the work, and adjusting it 
or the drill to exact positions. Small pieces of work 
may easily he shifted about to come underneath 
spindles, hut massive ones are troublesome, and 
])reference i> given to moving the drill instead. 

A machine embodying many features which are 
common to several other types of drills is that in 
54 and 56 (John Stirk & Sons. Halifax), wJiat is 
termed a frnyne drilling machine. The spnidle is of 
.‘1 in. diameter, with a vertical feed of IGm. It runs 
in sleeves within the head. The drive is from the 
fast and loo.se pulley-s on the base of the frame. 
the belt being thrown over by forks actuated through 
the pivoted levers seen, ending 
in a small knob at the front of 
the column, close to the oper- 
ator. The four-step cone pul- 
ley at the base drives up to its 
companion within the opening 
above. The har/: gears there 
give an increased power w'hen 
necessary. A horizontal shaft 
runs thence through the frame, 
driving a mitre gear, engaging 
with one mounted on a sleeve en- 
circling the .spindle. This is a 
device to prevent the injurious 
.side- pull caused when a wheel is 
mounted cl irect on a spindle. The 
feeding dow'ii of the spindle is 
done either by hand, turning the 
hand wheel on the vertical shaft 
seen close to the spindle, ending 
in a worm w’hich revolves its 
worm wheel, and thence a pinion 
gearing in a rack cut on an ex- 
tension of the spindle. The 
teeth are sliowm enlarged. The 
vertical hand-wheel shaft is 
mounted in an eccentric quill 
in order that the worm may be 
thrawm out of gear by a part 
rotation, * using the handle 
screwed into the quill as a lever. Self-acting feed 
is imparted by the small three-step con(‘ jiiilleys 
driving from the back-gear spindle down to one 
whieh has a worm actuating a wheel on the vertical 
shaft, a friction cone clutch inside making provision 
for throwing the f(‘(‘d in or out of action. For light 
drilling or countersinking, the spindle may ho fed 
down ra])idly by hand, using the horizontal lever 
seen below the driving mitres. This lever i.s con- 
nected up to the top of the s])indle by a loo^e collar 
thereon and side connecting rods. A circular 
weight is used to counterbalance the load and draw 
the spindle upwards on releasing the handle. The 
weight is partly hidden behind the frame. 

The circular work-table of the machine is carried 
in an arm that ;3wi\ els around its circular columv, 
and is moved up or down it by a pinion me.shing 
with a rack that is held inside the arm and turns 
around the column freely, hut cannot move endwise. 
The pinion is revolved by a wheel turned with a 
worm operated by a handle. Work that is too 
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bulky to go on this table is accommodated upon the 
base plate, tee-slotted for bolts. 

Pillar Drill. A type of machine that haa 
received its greatest development in America is 
shown in 55. It is a piUar or column drill, with 
sliding heady the latter having reference to the lower 
bearing of the spindle, which is slid upon a vertical 
face, the object being to bring the bearing down as 
low as possible for steadying the spindle close to 
the work. The driving arrange- 
ments are very similar to the last 
example. The back gears are slightly 
different, and the bevel-gear drive 
to the spindle is above the top 
l>earing. Feeds are obtained from a 
three-step cone on the extension of 
the spindle bevel in the top bearing, 
a belt driving to cones on a vertical 
shaft adjacent. This actuates bevel 
and worm gears, which rack do^^n 
a sleeve encircling the spindle in the 
lower bearing. The same effect is 
produced by turning the hand wheel 
near the bearing, or pulling the short 
upright lever behind the spindle. 

Both spindle and lower bearing are 
balanced with weights inside the 
column suspended by chains. 

Numerous modifications are 
made in designs which include 
these features. 

Sensitive Drill. Another 
kind of pillar drill, shown in 57, 
is of the sensitive ty'pe, used for 
drilling small holes at high speed. 



57. SENSITIVE DRIIX 
(Webster & Bennett, Ltd.) 


No toothed gears 
are required, the capacity being only up to | in, 
holes. There are fast and loose pulleys at the base, 
the belt is thrown over by the foot- treadle seen at 
the base, and the operator’s hands are thus left free 
for manipulating work and feed. The fast pulley 
on the base is cast with the three-step pulley, 
which is belted up to another near the top of the 
column. Thence a belt is carried around two 
idlers, which change the direction to right angles, 
and lead the belt around the spindle pulley, 
running on a sleeve encircling the spindle. 

The latter is fed through the lower bearing 
by a rack and pinion, the rack being cut on 
a sleeve which does not rotate. The lever 
for feeding is screwed into a circular box 
containing a flat coiled spring, the tension 
of which always tends to raise the spindle. 

The operator can therefore feel the 
j^ressure he is putting on the drill, 
because there is no intermediate screw 
or any heavy weight to interfere with 
the delicat*y of manipulation. The 
depth of drilling is determined by the 
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stop-collar clamped on the spindle near the top; 
to touch the pullev at a certain point of the 
travel. The flat table is clamped on the column by 
a split lug tightened by a hand screw, and the 
weight of the table is counterbalanced by a weight 
inside the column. Machines of this type are edso 
made with an abbreviated column, to rest on the 
bench. 

Radial Drills. Radial drilling machines 
are designed to avoid the necessity of shifting the 
work about for every hole that has to be drilled, 
the drill being moved instead by means of a radial 
pivoted arm [68] carrying a saddle, which can be 
slid along to and from the column, so that the entire 
area of the table is covered. Some radials have 
the arm placed directly upon an independent 
circular pillar, around which it turns, but in the 
machine illustrated the column is supported by 
another pillar that serves to hold part of the driving 
gears. Two alternative methods of driving are 
fll listrated ; in the complete drawing fast and 
loose pulleys and stepped pulleys transmit the 
power to a horizontal shaft above the arm. In the 
part view to the left, fast and loose pulleys 
connect to a change-gear box, by 
which nine changes of speed are 
obtainable instantly through friction 
clutches and gears. By the use of 
double gearing in the saddle the 
changes are doubled, making 18 in 
all. From the speed-box a Renold 
chain transmits the power to the top 
shaft. This shaft connects with the 
saddle gears in any position, and 
drives the spindle, a friction clutch 
being interposed for easy starting, 
stopping, and reversing for tapping. 
Four different feeds are given by 
nest gears in the saddle, and the 
spindle may also be moved by 
the hand wheel adjacent to it or 
by the large cross- handle. The 
other cross- handle on the left- 
hand side of the saddle is for 
racking it along. The table is 
raised and lowered by pinion 
and rack, actuated by the cross- 
handle seen. 

Soihe radials have a swivelling 
motion to the spindle, for drilling holes at angles ; 
in others, the box tables swivel to tilt the work. 
Vertical movement of the radial arm is included 
in cases where very deep work is to be drilled. 

A good many other machines differ chiefly in the 
form of framing adopted. Rome possess uprights 
and cross-rails, 
carrying two or 
more spindles, and 
the woik is held on 
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li long table below. M vltiple-spindle machines 
are constructed in numerous types, with the 
spindles duplicated side by side, or set to form 
v^arious geometrical patterns. A design which 
can be employed in this way is shown in 69. The 
spindles are driven at one location, and they 
are branched out to any position required, and 
clamped so that certain definite arrangements 
of holes, as circles, squares, hexagons, etc., may be 
drilled simultaneously. The spindles are fitted 
with double universal joints, which permit of the 
angular positions. 

The methods of holding drills in their spindles 
comprise parallel shanks, pinched with set- screws ; 
lapered shanks and sockets, and drill chntks. The 
latter are used chiefly in the smaller machines. 

The advantage of the taper shank over the 
parallel one is that no slackness can occur with the 
former, while the latter, if it wears loose must re* 
main so, and with the result that the drill runs out 
of truth. Drill shanks of taper form have a short 
flattened portion entering into a slot at the bottom 
of the hole m the drill spindle, so that a positive 
drive is given to the drill without depending on 
the friction of the taper alone. The drill is ejected 
from its spindle by driving a tapered cotter or key 
through the slot, which has the effect of pushing out 
the tail of the drill. To accommodat-e a good range 
of sizes, sockets or sleeve 
are necessary, otherwise 
it would be found that a 
small drill would need a 
very big shank to make it 
fit the spindle. But by 
putting a hollow socket 
inside the spindle, and in* 
serting the drill in this, 
the shank of the drill may 
be made of a diameter 
about equal to its body. 

Morse tapers arc employed 
ris standards for taper 
shanks, so that inter- 
changeability of all drills and holes is secured. 

Chucks are only used on the small machines; 
(hey form a convenient method of holding shanks 



69. 16-spindlf. multiple drill 


down to the 
smallest 
sizes, of par- 
allel form, 
and any 
special drills 
can be readily 
held without 
troubling to 
turn the 
shanks taper- 
ed. Most drill 
chucks have 
cither two or 
three jaws, 
sliding in a 
circular shell 
or body, and 
closed in by 
the action 
of screw 
threads oper- 
ated by a 
knurled 
sleeve or by a square key. The chucks are, of 
course, self- centring. 

Angular - hole Drilling Machines. 

These are special tyjies of drilling machines which 
jicrform oj^erations differ- 
ent from the’ production 
of ordinary round holes. 
Square or nnynlar-hole 
drilling machines cut out 
holes of polygonal shape 
ith revolving tools, which 
have to lie coerced to run 
into the angles. Square, 
hexagon, and octagon 

holes are commonly done 
thus, for sjianncrs, handle'?, 
etc. One method is to 

]>i\o( the drilling spindle 
about its centre in a ball 
socket, and to cause the top end to move inside 
a pattern plate of the shape desired. The angular 
motion is, of course, rc])rodiiced at the bottom 
of the spindle, and on putting in a suitable tool 
of knife-like section it cuts out the sha}K> b\ 

running from corner to corner. Other devices 

are somewhat similar in jinncijile, the use of a 
pattern or form-plate being necessary. 

Slot • drilling Machines. Slot-drilling 
machines are used for cutting key and cottar- ways 
with a revolving drill-like tool having a flat end. 
Traverse has to l)e imparted to the shaft or spindle 
being tooled or to the drill. In the example [60] 
the spindle is carried in bearings in a sliding saddle, 
moved to and fro across the head by a screv 
driven from belts and gears. An automatic tri}> 
device, operated through the ro<l seen immediately 
below the driving belt, throws over reversing 
clutches when the saddle strikes a dog on the rod, the 
length of travel dejiending therefore on the position 
of the dogs on each side. The spindle is rotated 
by a belt which passes over pulleys at each end 
of the head, and is given a half-tw ist to lap round the 
spindle pulley, the longitudinal position of the latter 
not affecting the belt drive. A self-acting vertical 
feed of 2 in. is given to the spindle in order 
that key ways may be OTadually finished to the re- 
quired depth, the feed taking place gradually a 
little after each traverse. The table on the front 
of the eolumn may be moved up or down, and 
across, to bring work into position. If shafts are 
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being handled, they are set in vee blocks, and held 
with clamps. The capacity of the machine is for 
slots 1 in. wide by 20 in. long. 

In those machines which have a traversing table, 
instead of movir ; the spindle the motion is pro- 
duced by gears driving a slotted crank-disc, re- 
ciprocating a connecting rod pivoted to 
the table, so that the latter is drawn to 
and fro at a suitable rate, while the drill J 

merely rotates. 

Boring Machines* The distinc- 
tion between drilling |m 

machines and boring rr;^ |l \ 

machines is obvious on Jj ' 

glancing at the respective l|l| V- 

operations which they l|| 

IKjrforra. Drilling i.s done 

with tools supported and 

driven from one end I g [1 

only; boring, with bars JfiffiiL I ! 

supjxirted at two or .. . - r 

more locations. Drilling [ 

oiiginatcs holes, boring ’ 

enlarges them. This l ^O — ..r^- 

classification » broadly 03 horizontal 

correct, but it is hard to 

draw the line sometime.s in stating what is boring, 
and what is not. As drilling machines are con- 
structed in both vertical and horizontal forma, so 
boring machines are found in both types, but the 
horizontal predominaU's. This is because the 
length of holes to be bored is often considerable, 
and it would be difficult to operate the machines 
and watch the progress of boring if the spindle 
and work were upright, to say nothing of the awk- 
wardness of the design. 

There are two main classes of boring machines, 
tliose in which the boring tools are travelled, 
and those in which the motion is given to the work, 
the former constituting the majority. It is more 
convenient usually to slide a comparatively light 
bar through bearings than to traverse a casting 
or forging upon r tabic, especially from the point 
of view of setting and adjusting for the cut. When 
the boring tools are fed along, they may be either 
fired in a bar which travels bcMdily or in a head that 
slides upon the staidonary bar. The latter method 
is adopted for the heavier machines and for boring 
in the lathe, the bar running in bearings or between 
point centres. The difference in these designs 
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is one of relative end motion ; if 
a bar slides, it must be held in 
ff bearings, and must have suffi- 

— I L ci©nt length to carry the tools 

\ the bore, plus a con- 

siderable overhang to remain 
the bearings. But if a head 
is slid along the bar the latter 
1 I need only be slightly longer 

than the work. Bars which 
^ slide are shown on page 4263 

f36J, and the sliding-head type resembles E and F 
in that figure, but with the addition of a screw sunk 
in the bar, and driving a nut screwed to the head. 
The screw runs in bearings at the bar ends, and is 
revolved by a star wheel, which strikes a pin placed 
on the machine each time it comes round, and so 
gives the screw a partial rotation. A regular instead 
of intermittent feed may be imparted by the use of 
differential gears. These comprise a train of spur 
wheels driving from the bar through intermediates 
and back again to the screw. One wheel has one 
or two teeth less than the other wheels, so that the 
screw is slowly revolved by the result of the 
different ratios. These self -acting bars are employed 
in both horizontal and vertical machines, the latter 
for heavy cylinder boring, which is done best when 
the cylinders stand on end. 

Machines of the sliding- bar type are modelled 
upon the lathe, which they somewhat resemble, with 
the difference that the 
, — J TlHTfTl I — ^ slide-rest is of rising and 
falling type, to bring the 
work into correct posi- 
==? tion. The area of this 

rest is large, and it is 
tec-slotted for bolts. The 
hcadstock has belt-cones 
and back gears, and 
I drives the bar at varying 

\ rates by keys fitting in 

\ splines running down the 

^ bar, HO that the latter 

may slide while still 
revolving. The feeding 

— is effected from an exten- 
sion arm at the rear of 
the head ; it has a bear- 

SORINCI MACHINE enciroling the bar 

and moving it backward 
or forward, this bearing being racked along the 
top of the arm either by hand or self-actingly. 
I'he bearing is clamed to the bar or released from 
it by set-screws. The feeding of the bearing is 
fiom the headstock, through gears driving into a 
gear-box on the front of 
the frame, by which several ^ 

different rate.s are obtained f[ij 

tlirough sliding gears 
tlirown in and out by the j fjfr? 

handles, I { 1 1 I 

and another T | J j 1 j 

throws in I 

the reverse I f ® . 

motion. A 1. k r H i 

hand wheel / ^ ^ 
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sliding bearing racks the latter along rapidly, for 
adjustments. The table of the machine slides 
upon the vertical face of the frame, and is also 
supported by an arched frame or yohe at the other 
end, and held to it by bolts. The table is raised 
and lowered by two large square-threaded screws 
resting in sockets underneath it, and passing through 
nuts which are formed as worm wheels, and rotated 
by a shaft lying along the machine base, so that the 
screws turn simultaneously. 

The shaft is rotated by hand, with a ratchet 
handle on the end, or by a belt pulley. A sliding 
table moves on the main table by screw and crank 
handle, and a cross slide is mounted above, to set 
the work transversely, or to sot for boring a couple 
£)f holes one after another in the same object. 
A fiirther table of circular shaj^ is also used for cer- 
tain work which may require holes bored in jt at 
various angles. 

A head is employed for work that has end 

flanges or surfaces to be tooled at right angles to 
the bores. This consists of a slide rest fixed to the 
bar, and holding a turning tool. The slide is moved 
radially by its screw, which has a star wheel on its 
end, struck at each revolution by a fixed ]»in. 
t hus feeding the slide 1 ittle 
)>y little, until the flange 
Ijas been finished across. 

Fig. 61 represents a oylin- 
der boring machine which 
possesses some resemblance 
to the foregoing, but has 
no arrangement for rais- 
ing or lowering the table. 

The bar is rotated through 
oone pulley and gears, 
the largest of which is 
mounted on a sleeve en- 
oircling the bar. Two 
facing arms are seen, with 
star wheels. 

Snout Boring 
Machine. A special 
ty}»e of machine, which, 
although the bar is sup- 
ported at two locations, is 
enabled to bore a blank- 
ended hole, is the .woai 
boring machine |62] (James 
Hollinwood). 

It is useful for ryljndei’s of various kinds vhieh 
have no o])en end for a bar of sufficient size to pass 
through. Th(‘ object is obtained here by carrying 
the bar or spindle out a good distance in a tmovt 
or tubular bearing, bolted on to the head, so that 
tlie cutting end is well supported, a ta}x*r neek allow - 
ing of take-up for wear. There are six boring tools 
in the head screwed on the end of the spindle, 
each clamped by two set-screws passing through a 
cover plate which is itself fastened on the head by 
countcj'sunk screws. The drive is from a four- 
stepped cone pulley at the rear actuating a 
worm gearing with a large worm wheel on the 
spindle. The tail end of the latter has a three- 
stepped cone belted to another on a short shaft 
in front of the bed. This shaft drives a worm and 
wheel connected with a friction disc device, similar 
in action to that in 18, page 4913. From thi^ 
mechanism a shaft goes at right angles into the 
interior of the bed, and drives mitre wffieels actuating 
a longitudinal feed-screw. The feed only coiiu*'* 
into operation when the wdng-nut.s on the friction 
disc are tightened up. There is also a ra))id 
power adjustment of the sadtlle through the 


medium of mitre gears ai the hcadstock end of 
the bed, driven by a belt-pulley seen at the far 
corner. A clutch betw^een the mitres thioVs either 
into gear with the end mitre on the screw, and 
rotates the latter rapidly in either direction. The 
clutches are slid along by a short lever moved from a 
shaft passing through the bed to a handle, which 
is seen situated about midway along, where it is con- 
veniently placed for the operator. The saddle is 
tec-slotted, and in the elevation and end view is showm 
with a couple of collars, provided with set-screw's, 
by means of which some kinds of objects, such 
as liners and tiilx*s, are gripi>ed and centred for 
boring. 

Multi«spindle Machines. Boring ma- 
chines allied to these designs are constructed w’ith 
two and more spindles, to finish work with several 
bores at one traverse, or several separate objects, 
such as bearings, axle-boxes, etc., on the one 
table. Other designs arc jnade with two bars 
lying at right angles to each other ; these are suited 
for such work as engine beds, wJth circular guides 
cast in, the guides and the crank-shaft bearings 
being bored without disturbing the setting. Ma- 
chines for Corli^^s cylinders have a central bar for 
the bore, and four others 
for the valve bore.>, all 
working simultaneouslv. 

A great deal of the work 
of the machine-shop i'* 
concerned with casting-* 
and forgings of awkward 
shapes, and often rather 
bulky, which have to 
be bored, faced, drilled 
and milled. A lypt' of 
boring machine develotKsl 
largely in recent years 
has the spindle adjustable 
U]) and down, an alterna- 
tjve to sliifting the thhh*. 
This gives the machine 
an increased range of 
eapacit\, and endbles it 
to tackle the most 
awkward shA])es. Tlie 
work 1 " not necessarily 
eontined to boring, but 
the spindle is ad.ijited to hold drills, facing tooK, 
and milling cutters, and tapping is also done some- 
times. The work remains bolted to the table or base 
plate. Figs. 63 and 64 give an example which is 
ffiirly representative of the class. It has a column, 
travelled along a narrow bed, in front of which he-' ,i 
broad plate, well siipjilied with tec-slots, by which th<‘ 
work is bolted down. The bar of tlie machine i> 
driven through gears connected u|) from horizontal 
and vertical shafts, actuated jiriinarily from a tive- 
stepped cone at one end of the narrow’ heel. 
Self-acting feeds are given tiirough a .set of nest 
gears, seen in 64. with rcv’eivse mitres, as v^ell 
as band movement.s. The column travels alonu 
its bed, and tlie spindle saddle feeds up and down 
the face of the column, being balanced wdth a rojH* 
and weight, the latter going within the column. 
When the bar projects to a considerable distance, 
the out-hoard steady seen on the large work-plati* 
is brought into use. It is bolted down, and the 
horizontal slotted arm adjusted to coincide with 
the boring bar, which runs in the bushed end. Fig. 65 
gives a view’ of a nnchine which presents the same 
features as the last ty^ie shown. There is a ))latform 
at the side of the spindle, on which the attendant 
stands, and if nece'»sary travels w’ith the column. 
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POWER 

THE CHIEF SOURCES OF POWER 

1 

Natural Sources of Power and their Values. Reserves to Draw Upon in 

Fiustc H 
Horn page 

the Future. Animal Power. Water Power and its Value. Wind Power 


By F. L. RAWSON 


A\oixl power is used in a variety of senses — 

* political, mathematical, chemical, etc. —but 
it is employed here only in the physical relation, 
and then only in the general sense popularly 
attributed to it in connection with engineering 
matters. Strictly speaking, the engineer defines 
power as the rate of doing woi'k — that is, it is 
measured by the number of units of energy 
generated, transmitted, or absorbed, as the case 
may be, per unit of time. Popular usage, how- 
ever. has associated with the word the mechanical 
agency or mean^^ whereby work can lie done or 
])ro(‘esses carriecl on which otherwise would 
require the expenditure of human labour. 

The First Uses of Power. The use of 
})()w er for relieving man of physical exertion dates 
from time immemorial. Who can tell, for in- 
stance, when saiis were first employed for the 
propulsion of boats ? Or when wei*e oxen first 
used in ploughing, or horses and camels in loco- 
motion ? These are examples of the earliest 
applications of w'ind and animal power respec- 
tively to the service of man. Again, the use of 
windmills and water- wheels took its rise in the 
dawn of civilisation, and represented an immense 
stride forw'ard, involving for the first time the 
use of mechanical gearing for the transmission of 
power. Both these agencies were probably first 
applied to the preparation of the food of man — 
the grinding of com, which for countless ages had 
l)een accomplished by manual labour on a very 
small scale. In fact, all the types mentioned 
above relate to the more elementary needs of 
mankind, and are in use to this day. Next come 
water-lifting and irrigation, first performed with 
the aid of animal power in the crudest fashion, 
but later involving the invention of the pump, 
a most important advance. The famous screw 
of Archim^es was invented for raising water, 
and doubtless formed the germ from w hich have 
sprung all .screws. 

Development of Power Utilisation. 

The advance of civilisation led to an in- 
creasing demand for metals, and the necessity 
for removing water from the mines whence they 
were obtained compelled the adoption of 
mechanical pumping machinery, first driven by 
animal power, then by water power, which was 
d(‘velop^ to a remarkably high degree of per- 
fection for those days ; and it was in this con- 
nection that the greatest advance in the develop- 
ment and utilisation of power in the history of 
the world took place, for it was in the Cornish 
mine fields that the application of steam to 
mechanical power production took its origin. 
First devised by Newcomen, the steam engine was 
improved by James Watt to an astounding pitch 
of excellence and economy, considering that the 
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field was almost virgin when he came upon tlie 
scene. Rapid progress was made, and the steam 
engine was quickly applied to locomotion by land 
and sea, to the driving of factories, the productioj* 
of iron and steel, and other industrial purposes. 

Efficiency in Methods and Machinery. 
With the continued development of power utili- 
sation came a demand for greater efficiency in 
both methods and machinery. Improved means 
ot generating and using power were devised, 
such as the modem turbine in place of the old 
water-wffioel, the threshing machine instead of 
the flail, and so on. Entirely new types of prime 
movers were also brought forward, such as tlie 
gas engine, which, thanks to the experience 
gained in the design and manufacture of the 
steam engine, w^as enabled to make as much 
progress in ten years as the latter had made in 
fifty. The discovery made by B. H. Tliw'aite, 
that the waste gases from blast furnaces could be 
utilised directly in gas engines to far better ad- 
.vantage than hy burning under boilers gave the 
construction of large gas engines an enormous 
impulse, and now these are made up to fi.OCK)- 
horse pow^r, though but a few years ago a 200- 
horse power gas engine was reckoned large. 

The older agent, steam, however, has not yet 
Wen vanquished by the gas engine, for the 
development of the steam turbine, with which 
the name of the Hon. C. A. Parsons will for 
ever be associated, has brought about an 
engineering revolution. Although the turbine 
w'as not used for marine propulsion until 
1897, it has already superseded the recipro- 
cating engine to such an extent that the largest 
steamships in existence are lieing equipped 
solely with Parsons’s turbines for their propulsion. 
It now remains for some genius only to solve 
the problem of the gas turbine in order that the 
acme of efficiency may be attained. 

Newer Forma of Power. In quite a 
different direction, the remarkable progress 
which has Ijeen accomplished in the con- 
struction of small high-speed engines has 
rendered them available for propelling vehicles 
on the common roads, airships in the air, and 
launches on the water. These motors are oper- 
ated as internal combustion engines, fed w^ith 
petrol, alcohol, paraffin, etc. The use of alcohol 
is noteworthy, as it can be manufactured from 
potatoes and other organic substances, thus 
opening up a new and inexhaustible source of 
power from natural products. 

Considerations of space forbid us to enlarge 
upon the many uses and sources of power in 
addition to those cited above. We can but 
mention the electric battery, so necessary in 
telegraphic and telephonic communication ; the 
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high explosives, such as guncotton and cordite 
— the gun is nothing other tlian an internal* 
combustion engine of enormous power ; the use 
of electricity in power transmission ; the vast 
store of energy in every molecule of matter, which 
we know to exist but cannot as yet utilise. 

Sources of Power and National 
Strength. An important step towards this end 
is now in progress in the shape of the numerous 
projects which have been brought forward for the 
distribution of power on a large scale from huge 
electric generating stations to the surrounding 
districts. By this means power can be generated 
on the most economical lines, and the noxious pro* 
ducts derived from the combustion of coal will be 
dissipated in the air in places far from the abodes 
of men. In other countries, which are blessed with 
abundance of natural water power, but not with 
coal, similar undertakings have for years been in 
operation, with results of the greatest benefit to 
the nations concerned. In time we may be 
able to transmit power to great distances by 
means of high-tension currents, such as the 
Hertzian waves, the principal difficulty at present 
being the motor. 

Tt is an error to suppose tliat power generated 
from falling water is necessarily cheaper than 
)>ower derived from coal ; very often it happens 
that the engineering works required to make the 
water power available are so eostly that the 
power thus obtained is more expensive than that 
generated with steam or gas engines. Much 
depends upon the local conditions ; where coal 
is plentiful and w’at<?r power scarce, as in this 
country, or vice versa, as in Switzerland and 
Italy, there is practically no choice. In the 
South of Russia petroleum is the most convenient 
and the cheapest source of power ; in the United 
States natural gas is met with in addition to all 
tlic foregoing sources. For the propulsion of 
steamships only coal and oil arc utilised, and for 
driving airships petrol motors have proved by 
far the best, on ae(’oant of the light weight t)f the 
fuel and maelnnery. For operating railways, 
coal, oil, petrol, and eleetrioity supplied from 
a fixed pouer station are available. Thus every 
form of power generation has its special advan- 
tages, and it is impossible to say in general 
that any one form is b<dter than another — 
( aeh must be considered with reference to numer- 
ous external considerations. 

The Resources of the Empire. Within 
the British Empire almost every known source 
of power is to be found. Canada possesses 
both coal and water power, and from the world- 
lamed Falls of Niagara, as well as the 8haw^enegan 
Falls, hundreds of thousands of Iiorse-power 
are being or are about to t)e developed. South 
Africa is similarly endowed ; apart from the 
extensive coal deposits in Natal, the magnificent 
Victoria Falls of the Zaml)esi are estimated to 
yield on the average l,00(i,CKX)-horsc power. 
Australia has coal ; New" Zealand coal and w ater 
power. India possesses both, and oil as w^ell. 
Moreover, it has been estimated that if the coal 
supply of the world gave out, it would be easy 
to replace it with wood fuel, wliich could be 
grown more rapidly than it wa< consumed. 


The motion of the tides re])resents an enor- 
mous source of power, but it is difficult to render 
it available for use : nevertheless, it is quite 
possible that in the future this inexhaustible 
store will be drawm upon The direct lieat ot 
the sun is also available for use in tropical coun- 
tries, though the means of utilising it at present 
available are too costly to com})ete in many pla< es 
with other sources of power. The great e.-.t 
source of energy, the ether, up to the present 
has l)een little understood, (h'eat advances 
have been made, how'ever, during the last few" 
years by those investigating the subject, and it 
is quite possible that in the future it may be use<l 
as the source of the power requisite on this glolx*. 
It w"ill be seen, however, that as power is indi^- 
pensable to civilisation, so it is available in one 
form or another in practically all countries, and 
will be till the end of time. 

Animal Power. Although human labour 
does not strictly come witliin our definition 
of power, it may Ik^ interesting for the purpose 
of comparison to state that a man of av^erage 
strcngtli can exert a force of .‘Kl lb. at a velocity 
of 1‘] miles an hour for 10 hours a day ; or ht* 
can carry a weight of 1 rwt. 11 miles in a day. 
But human labour is eostly, and tlioueh there an* 
many kinds of work which can be performtsl only 
by manual labour, it is one of the fundamental 
principles of modern comuKTcial economics that 
this shall l>e as far as possible avoided, by the 
substitution of animal or mechanical work. 

By far the most useful animal is the horse, 
which, indeed, in this country is practically 
the only animal that is called upon to work, 
the ass being comparatively scarce, and the mule 
still more rarely met with. Horses have at 
times been called upon to perform a great variety 
of functions, but mcM of these have now l)e(‘n 
tilled by machinery, and almost the only diitic's 
remaining to them are those of transport, 
either by carrying or by hauling a load, and 
certain agi'ieultural operations wdvieh also involve 
haulage, such as ploughing and mowing. An 
ordinary horse can do the work of five men ; 
it can carry a man 30 miles in a day ; it can 
draw a loaded cart weighing a ton cm a common 
road at three miles an hour for eight hours a dav ; 
in general, it can do 2*2,000 foot-pounds of work 
per minute for eight hours a day. An ox, walk- 
ing at the rate of IJ miles an hour, can do v\ork 
equiv'alent to 18,000 foot-pounds j>er minntr, 
suc*h as hauling a load of U tons (inelusiv"p of tlu‘ 
earrkige) on a road; an elephant can carryatem 
on its back all day. at the rate of 4 miles an licuir. 

Water Power. The earliest form c^f water- 
motor is the w a ter- wheel, usually operated In" 
the weight of the water : but this has become 
practically obsolete, the turbine having taken its 
place. The latter is a machine in which advantage 
is taken of the kinetic energy" of the water as 
well as of its potential energt" by using fixed 
blades or v’anes to direct the flow ing water upon 
moving blades, in such a way that the watc i- 
leaves tlie turbine with the minimum v’elocity 
and praeticall}’ at. or even below*, the dead-water 
lev’el. In cases where the w-ater is derived in 
small quantity from a great height, or, as it is 
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called, under a great head of water, tlic whole of 
the work is done by virtue of the momentum 
of the vrater, which is allowed to issue from 
nozzles at an enormous velocity in jets \yhich 
strike cups of peculiar shape fixed to the rim of 
a wheel. In either case, the efficiency attain- 
able reaches 80 per cent., and the pow er is given 
off on the shaft, either by belt or other gearing, 
or direct to the driven machine. 

The Two Factors in Water Power, 
Water powder depends upon two factors — the 
quantity of water flowing per second, and the 
height of fall, or “ head.” The “ horse-power ” 
used in engineering is equal to 33,000 foot- 
pounds per minute, or 550 foot-pounds per 
second, and therefore the horse-power available 
from a given fall is calculated by the formula ; 

HP - G X /i X 0 0182, 
where HP is the available horse-power, 

G is the How in gallons per second, 
h is the head in feet, and 
0-0182 =r 10-5- 550. 

'Phe head, A, may have any value from 1 to 
2,000 ft. or more, but obviously, to obtain any 
gi*(‘at pow-er from a very low' fall necessitates 
the How of an enormous quantity of water per 
second, and the turbine must be of correspond- 
ingly large size and cost. Hence; a fall ef small 
\ olume but great head is far preferable to a low 
fall of great volume, on account of the small 
capital cost, not only of the turbines, but also of 
the hydraulic works which may be necessary 
to store up a sufficient quantity of w ater and to 
convey it from the dam to the turbine house. 
Jf will readily l)e imderstood that as the cost of 
attendance on a water-power plant is small, 
and other running costs, such as that of lubri- 
cation, small stores, etc., are of little importance, 
by far the largest items in the cost of power 
obtained from this source are those of interest 
and depreciation on the capital expended. The 
relative magnitude of the latter can be reduced 
by utilising the plant as continuously as possible, 
for in most cases the flow^ of water is continuous 
day and night, whether it is used or not ; hence 
water pow-er is utilised most advantageously 
in connection with industries which can, or must, 
be carried on without intermission, such as 
grinding com, electro-chemistry, etc. It is 
largely used for driving electrical mac-hinery for 
lighting, traction and power, and in some cases 
the power generated is transmitted over very 
great distances — exceeding 230 miles, as in Cali- 
fornia — and in enormous quantities. 

The Immeneity of Water Power. The 
most striking instance of this application of water 
fiow^er is to be found at Niagara in North America, 
w here it is estimated that 1,000,000 tons of water 
fall in every hour from a height of 160 ft. Here, 
the largest electrical generators in the world 
are installed, each having an output of no 
less tlian 12,,500-horse power. Several large 
concerns are at work, and the aggregate horse- 
power of the plant at work and projected 
amounts to over 1,000,000. Yet the appearance 
of the famous Falls is not likely to be less 
majestic and awe-inspiring than at present. 


Another immense w-aterfall which is at this 
time attracting much attention is the Victoria 
Falls on the Zambesi River— a much higher fall, 
but less in quantity of w-ater than that of 
Niagara. Even in the driest season the Victoria 
Falls will be able to supply half a million liorse- 
powef, and it is proposed to transmit a portion 
of this by electrical means more than 500 miles 
to the goldfields of the Witwa-tersrand. 

The cost of energy derived from water powder 
depends mainly on the extent of the works 
necessary to dam the river and convey the 
water in pipes or in open sluices to the site 
of the power station or factory, the magnitude 
and cost of these works l^ing determined by 
the local configuration of the land and similar 
conditions. In some cases the cost is so great 
that it is cheaper to use steam or gas power; 
in others, as at Niagara, the cost is remarkably 
low — only 0*24d. per horse-power-hour. 

Wind Power. The great drawback to the 
use of wind power is the extreme variability 
of the source. The velocity of the wind ranges 
from zero in a dead calm to 100 miles an hour in 
a hurricane, while windmills can generally lie 
used only over the range between 7 and 30 miles 
an hour. It is true that the power is cheap, for 
the necessary plant is inexpensive and the wind 
costs nothing; wiiereas for the use of water 
power a considerable rental is often charged. 
Owing, however, to the fickleness of the source, 
wind power is generally utilised only in very 
small quantities, and foi- purposes A\hich are 
not detrimentally affected by the oc(‘niTence of 
interruptions due to calms or storms. Thus 
windmills are often employed for ))umping 
water into reservoirs for the supply ol village's 
or farms, for driving agricultural machinery, 
for grinding com, and for draining marshy land. 
Large numbers are so used in the Channel 
Islands. It is possible by using a dynamo and a 
battery of accumulators to obtain electric light 
and power on a small scale from the wind, but 
automatic apparatus is necessai*y to regulate 
the charging of the battery, and this materially 
adds to the cost of the plant. 

The theory of wind power is in a very un- 
satisfactory condition, and it is difficult to 
reconcile the conflicting statements which 
are published by different authorities on the 
subject. H. R. Kempe states that a windmill 
with four sails, each ^ ft. long and 6 ft. wide, 
with wind at a velocity of 20 ft. per second, is 
estimated to give about 4-horse power. The 
modem aermotors are constructed with a large 
number of small blades forming a wheel, which 
is mounted in such a way that when the force 
of the wind increases the face of the wheel is 
automatically turned away from the direction 
of the wind, so as to lessen the driving power and 
to maintain a fairly constant speed. The power 
is transmitted by a shaft with bevel gearing to 
the ground from the wheel, which is usually 
carried on the top of a light steel framework 
20 to 60 ft. high. A wheel 16 ft. in diameter, 
with 18 blades having a total sail area of 131*3 
sq. ft., with a 12-mile wind, gave about 0 6 h.p. 
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OPEN-HEARTH STEEL 

Martin, Siemens and Siemens-Martin Processes. Various Processes 
of Open-hearth Steel Manufacture. Steel Castings. Steel Rails 


By A. H. 

'T'HE manufacture of steel in the open-hearth 
^ regenerative furnace is becoming more and 
more popular, and very great strides have been 
made in recent years through the introduction 
of the tilting furnaces, as well as by the increasing 
size of the stationary furnaces. The invention 
of the open-hearth furnace and its accessories 
is due to Sir William Siemens, and the success- 
ful manufacture of good steel in it was first 
accomplished by Messrs. P. and E. Martin, who 
\jHed steel scrap and pig iron, dissolving the scrap 
in the molten pig iron, thus diluting the im- 
purities as well as partially removing them by 
oxidation. This was termed the Martin proce.sx. 
Siemens afterwards succeeded in desiliconising 
and decarl )urising pig iron, with or without scrap, 
by mean^ of oxide of iron ore. At the present 
time both oxide of iron and seraj) are used with 
the pig iron, forming the Siemens-Martin process. 
The original method was to work only uith an 
acid lining, but now both acid and basic linings 
arc used, as in the Bessemer process. 

The Martin Process. The Martin process 
is conducted as follows. The first thing is 
to solidify the bottom, which has been care- 
fully prepared with good silica sand, by melting 
a small charge of pig iron and adding siliceous 
materia] to form a fluid slag. When this is 
melted it is w ell rabbled about to w^ash the banks 
of the furnace and then tapped out as scrap. The 
next three or four heats are less than the full 
charges afterwards worked, and consist of pig 
iron and a little scrap, the latter being gradually 
increased till the furnace is in good w orking order. 
The materials may be charged cold, or the scrap 
may be first heated to redness in an auxiliary 
furnace. Gr(*y luematite pig iron of good quality, 
l)referahly low^ in silicon and containing mari- 
gano8(‘, is desirable, but a proportion of good 
AN'hite or mottled iron may be added. The pig 
iion— from If) per cent, to 20 per cent, of th(‘ 
charge — is first added and upon this is placed 
steel scrap. 

When the charge is melted it may be kept 
in fusion, because the intensity of the oxidising 
action may be easily maintained. In order to 
hasten the operation the pig iron may be charged 
into the furnace in the liquid state, and speedily 
raised to a white heat. The malleable iron, 
previously made red-hot, is then added in lumps. 
With a neutral flame, No. 1 grey pig iron will 
dissolve nine times its weight of Bessemer scrap, 
while No. 3 will not dissolve more than four 
times its weight, and, w'hen the flame is oxidising, 
considerably less. The oxide of iron, FcjjO^, 
formed by oxidation, reacts on the carbon of the 
pig iron, producing carbonic oxide, which, on 
escaping, agitates the bath of metal, and thus 
tends to make it uniform in composition. When 
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the whole is melted a test is taken, and w^hen the 
metal shows a proper fracture and toughness, 
as well as the right degree of decarburisation, 
it is run into a ladle and cast into ingot moulds, 
as in the Bessemer process. This method of 
working is possiblt* only w ith the best pig iron, so 
that the usual plan is to deearburise completely, 
and then to adrl spicgeleisen or ferro -manganese. 
The latter containing more manganese than the 
former, a smaller quantity is required for 
deoxidation, and as. therefore, less carlx>n is 
added, a milder steel is produced. 

A few minutes suffice to melt the mangancM* 
alloy, during which the metal is rabbled, or 
stirred, to mix it thoroughly, after which the 
metal is ready for teeming into the mould. The 
tapping is effected by driving a ])ointed iron bar 
through the tap-hole into the hath of metal, 
and on withdrawing the bar the metal flows out 
and is followed by the slag. When the slag 
begins to flow the spout is taken away, and it 
is allow’ed to flow' into a spacs* prepared for it 
in the front of the furnace, that remaining on 
the hearth being removed by tools introdiUMsl 
through the working doors, which are on the 
opposite side of the furnace. 

The Siemens-Martin Process. Tin* 
Siemens-Martin process is similar to the abo\e 
in operation. Pig iron is first ( harged in, and 
the requisite amount of steel scrap addt‘d. 
The proportion of scrap varies in different 
localities, depending on the quality of the pig 
iron and of tlu* scrap procurable. With good 
ha‘matite pig iron, about 70 per cent, of scra[> 
is used, but in other cases it may be as mucli 
as 80 p(*r cent. Heavy scrap is preferred to 
light scrap, being more readily handled and less 
liable to oxidation during the melting. If much 
oxide be formed on the l>ed of the furnace, it 
corrodes the lining. For convenience in charging, 
the pig iron is generally broken up into half pig", 
and these are charged by hand through tlic 
furnace door with the peeL so as to distributo 
the charge evenly over tin* entin* bed. In larg(‘ 
furnaces the charging i." dono through tw’o or 
three doors by men working with a peel at each. 
When the charge i" thoroughly melted, Spanish 
or African lueniatite i^ added in lumi>s at intervals 
for the decarburisation of the metal. In this 
way, during the working of a 10-ton charge, 
30 ew't. to 35 cwt. of ore will Ih* added, each 
addition being followed by a state of violent 
ebullition of the metal on the lu'arth. Samples 
of the metal are taken for testing the malleability 
and toughness, and when the requisite purity is 
attained, the metal is allowed to stand for a 
short time to clear itself of slag, and small 
({uantities of limestone are added during the 
process if the covering of the slug he iiiMiffieient. 
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Spiegel or ferro-manganese, or a mixture of boUi, 
is added to remove o^gen and give the requisite 
amount of carbon. The duration of this process 
is longer than the scrap process, and the hearth 
is more strongly attacked by the ore. 

When the charging is complete, the heating 
goes on for twenty minutes, when the valves are 
reversed, and so on till the charge is molted. 
On the addition of ore, the boil begins, caused 
by the evolution of carbonic oxide, due to the 
action of the oxide of iron on the carbon of the 
pig iron, and this continues till the iron is nearly 
decarburised. For dead soft steel, the carbon 
IS reduced to 012 per cent., when the furnace is 
ready for tapping. Before tapping, it is usual 
to pig hack, as it is termed, by adding a few half 
pigs to the bath of metal, so as to keep it ■w-ell 
on the boil before the addition of the feiTo- 
manganese. The operation requires about eight 
hours, and four hours for charging by hand and 
repairs. 

After the charge has been tapped from the 
furnace, the tapping hole is made up A\ith tire- 
<-lay and anthracite, and the bottom carefully 
examined for holes or cutting on the banks. 
These are repaired by spreading over them 
silica sand and glaring it m. It is then ready 
for the next ch.^rge. 

Acid Open«h earth Process. The ju kI 

open-hearth process does not remove phos- 
phorus and sulphur from the iron, so that both 
inci(*ase relatively in the finished steel ; hence 
the materials us^ must 1x3 low in phosphorus 
and sulphur. The silica should also be as low 
as possible, only sufficient, with the silica dei’ivtd 
from the ore and furnace bottom, to form enough 
slag to cover the metal. The open-hearth 
piocess, like the Bessemer process, proceeds by 
first decarburising the bath of metal, and then by 
recarburising it by the addition of spiegeleisen, 
ferro-manganese, or other highly manganiferous 
alloy of iron, et<\ The addition obviously 
introduces at the same time a small proportion 
of other impurities, such as sulphur, phosphorus, 
silicon, etc., into the steel ; but the result is 
now minimised by the almost universal use of 
ferro-manganese as the recarburising agent, 
whereby a small weight of recarburising alloy is 
required for the introduction of sufficient 
manganese into the steel to prevent the red- 
shortness otherwise manifested by the metal, 
and to improve its malleability, without at the 
same time introducing too much carbon and 
such impurities as attend the larger amounts 
of spiegeleisen required. The use of fenro- 
manganese is specially necessary in the produc- 
tion of soft or mild steel. One advantage of the 
open hearth is that the steel can be quite dead 
melted, the process not being limited as to time, 
since the nature of the flame and the temperature 
of the furnace are so fully under control that 
the bath of fluid metal, after having been reduced 
to the lowest degree of carburisation required, 
may stand unaltered for any reasonable time, 
during which samples may be taken for testing, 
and additions of pig iron, wrought, scrap, spongy 
metal or iron ore, made so as to adjust it to the 
desired temper and quality, while spiegeleisen 
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or ferro-manganese can be added in the solid 
condition in the required proportion immediately 
before casting, with the formation of a steel of 
which ahnost the exact composition is knovm 
beforehand. 

In the open-hearth methods of producing steel 
the decarburisation and the separation of silicon 
and manganese from the pig iron of the charge 
do not appear to progress with the regularity 
which occurs in the Bessemer converter. During 
the first period of melting down of the charge in 
the Siemens furnace, the carbon, silicon, and 
manganese are more or less oxidised, so that at 
the end of this stage — the proportions vary 
with the temperature of the furnace— part ot 
these elements have been removed. After th(» 
charge is melted down, however, the metal 
remains tranquil in the bath, undergoing little, 
if any, decarburisation, until the whole of tht> 
manganese has been oxidised, and the silicon 
in the metal has been reduced to about 0*02 
per cent. This condition is obtained in from 
three to four hours, after which the bath of 
metal begins to boil from the escape of carbonic 
oxide resulting from the oxidation of carbon, 
and this state continues till the carbon is reduc^'cl 
to about OT per cent., or less, at which point th(‘ 
bath again becomes tranquil, and the slag, whicJi 
was, thirty minutes previously, of a bro^v^lisll 
colour, begins to blacken, owing to the slight 
oxidation of iron. 

The oxidation of the metal after melting 
depends on the composition of the slag and the 
temperatui’e of the furnace. The variation in 
silica and oxide of iron directly after melting 
and just before tapping is comparatively small, 
but the amount of oxide of iron increases alter 
the addition of the ore. This, however, is soon 
equalised by the taking up of fresh silica 
from the lining of the hearth. If the slag be thin, 
due to a low silica content, the oxidation of 
silicon and manganese in the pig iron is com- 
paratively rapid ; but if the slag be thick, or 
highly siliceous, the silicon and manganese 
are not removed, and may actually be reduced 
from the slag and pass back into the metal. 
With a very siliceous pig iron, a rich gas, and 
rapid draught, the temperature gets too liigh, 
the carbon is oxidised in preference to the 
silicon, and the decarburised iron is too high 
in silicon. Hence, while it is essential to have 
sufficient heat to maintain a fluid bath of metal 
or slag, the temperature must be regulated so 
as not to exceed a certain limit. 

Recarburisation of Iron. In the 

early days of the process, the successful recar- 
burisation of iron with free carbon was found to 
be impossible, owing to the imperfect knowledge 
of the effect of temperature on the oxidation 
of carbon. Both liquid and gaseous carburising 
materials were tried, but with little success, 
and the workers had to fall back on spiegeleisen 
and ferro-manganese as carburisers. But these 
are far from pure substances, and introduce 
impurities into the iron. When the microscope 
began to be practically used in the examination 
of metals, it was found that manganese did not 
alloy so readily with iron as had been assumed, 
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and, if not thoroughly mixed with the iron, it had 
a tendency to segregate. This explained many 
mysteries in the curious fractures of steel, and 
the addition of manganese was reduced to the 
quantity required for deoxidation. The basic 
Bessemer process especially led to a product 
comparatively rich in oxygen on account of 
the after-blow; therefore a larger amount of 
manganese was required to remove it, and this 
manganese prevented the production of high 
carbon steel unless such manganese was left in 
the steel. Efforts were therefore made to 
rccarburise the iron without the addition of 
manganese alloy. If the deoxidation were 
effected in part by 
spiegeleisen, and com- 
pleted by the addition 
of aluminium, only 
mild steel could be 
produced. Darby then 
introduced the use of 
free carbon for tliis 
purpose. In adding 
the carbon there is 
no marked change in 
the other elements, 
and as the carbon is 
added to the charge 
in the ladle, there is 
no reduction of phos- 
phorus from the slag. 

Medium carbon 
steels are now readily made in an open-hearth 
furnace for many purposes, such as the manu- 
facture of axles, guns, springs, tyre.s, armour 
plates, wires, steel castings of various kinds, and 
tools. 'J'ne carbon may \ary from 0’3 per cent, 
to per cent. There arc three distinct methods 
of making such steels in an open hearth : 

1. To work the charge of pig iron until it has 
leached the desired amount of recarburisati(>n, 
and then tap out. 

2. To work the charge until it is completely 
decar bur ised, and add spiegeleisen or ferro- 
manganese for recarburising, 

3. To work the charge as in the former case, 
and recarburise outside the furnav’c by the 
Darby or some similar proeess. 

For steel with about 0*3 to 0*0 per eent. of 
(‘arbon the first method is often adopted, but for 
best qualities the second method is preferred. 
The ferro- manganese may be added, either in the 
furnaee, immediately before 
tapping, or to the metal as 
it runs into the ladle. For 
steels with 0*7 per cent, of 
carbon and upwards, satis- 
factory results cannot be 
obtained by simply working 
down to the desired carbon 
content, and then tapping. 

The third method, then, gives the best results. 
[Sec Harbord’s “Steel,” page 171.1 

Mr. John Darby has advised a method of 
recarburisation by pouring iron through a tulu? 
perforated at the bottom and containing carbon, 
from which the carburised iron runs into the 
ladle. It was foimd that the absorption of carbon 


by the iron was so rapid that the lengthened 
time required by the above method of filtra- 
tion was unnecessary. The next plan was to 
run into the filter vessel a stream of carbon 
particles at the same time as the metal was 
teemed into it. It was found that sufficient 
carburisation occurred during the teeming of the 
first third of the charge. The employment of the 
carburising vessel was afterwards found to Ik* 
unnecessary, and now in similar processes it is 
customary to throw into the ladle at intervals a 
definite quantity of finely divided carbon. By 
this means considerable economy is effected, 
due to the saving of spiegeleisen or ferro- 
manganese. In some 
American works dry 
crushed coke, in paper 
bags, each holding 
about 50 lb., is throw n 
into the ladle w ith the 
decarburised metal, 
the first bag being 
throw n in as soon 
the metal covers the 
bottom of the ladle 
The accuracy of the 
metal will be undei- 
stoodw'hen it is stated 
that out of twenty - 
four cases the carhoii 
varied only 0*02 per 
eent. About half the 
carbon added is taken up by the iron. 

The Siemens Open>hearth Furnace. 

The Siemens open-hearth furnace [39 and 40] 
had originally only one working door, which was 
in the middle of one of its longer sides, but iii 
the larger modern furnaces there are three doors 
On the opposite side, and at the lowest j)ortioii 
of the hearth, is a tapping hole, and a channel 
through which metal is conducted for casting 
The horizontal section is a rectangle with tlu* 
comers removed. The hearth is composed ot 
refractory sand, supported on an iron bottom, 
kept cool by a current of air, and it is repaired 
after each operation. The old tyjK* of furnaee 
has the hearth built over the regenerators, uswig 
the regenerator arches to support the furnaci^ 
This method is now practically obsolete. Tlu* 
regenerators are kept well to each end, and the 
body of the furnace is carried on steel gird(‘rs, 
quite independent of the regenerator arches, 
so that the air can circu- 
late underneath, and in 
ease of the metal breaking 
through the bottom theie 
is no danger of its getting 
into the regenerators. The 
roof and walls of the 
furnace are lined with silica 
brick. The body of the 
furnace is encased in steel plates, well riveted 
together and strengthened by supports and tie- 
rods. The gas enters the furnace through two 
openings, termed the ports, and the air through 
three similar ports, all arranged side by side. Tht* 
blocks containing these ports mu!>t be capable ot 
resisting a high temperature and the consequent 
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expansions and counter actions, hence they 
are made ^ith air-cooled hollow castings. The 
position of the ports is designed to give a per- 
fect mixture of g^ and air on entering the hearth, 
80 as to ensure a complete and rapid combus- 
tion. The }x>sition of the ports depends to some 
extent on the contour of the roof. In some high- 
roofed furnaces, dome-shaped alternating arches, 
or gallery ports, are used for gas and aii*. It 
has l>een found with sulphurous fuels that the 
metal is less liable to tfi^e up sulphur during 
the melting when gallery ports are used. It 
was customary in former years to build the roof 
with a strong slope from each side to the centre, so 
m to deflect the flame on to the bath of metal, but 
it uas found to be rapidly burnt away, and in 
all modem furnaces the best results are obtained 
u ith a fairly high roof, the inclination of the gas 
and air ports l>eing sufficient to plunge the flame 
on to the metal. 

The regenerators are chambers tilled vith a 
checker work of refractory brick, arranged so 
that brick and air spaces occur alternately. 
The air chambers are generally made longer 
than the gas chamlx‘rs, but the chief thing is to 
have sufficient capacity. The chambei*s should 
be 15 ft. to 20 ft. deep, and the capacity of gas 
to air regenerate s in the proportion of 1 to T4. 
1 n all regenerative gas fiumaccs much fine dust is 
carried over mechanically with the gases, and 
tends to choke up the spaces in the checker 
brickv'ork. In large furnaces especially, it is 
advisable to have a supplement arj’ chamber 
Ix't’ween the ports and regenerators to serve as 
a dust-catcher. 

Basic Open-hearth Process. The 

object of this process, like that of the liasic 
llcssemer process, is the removal of phosphorus 
from the iron by means of a basic or neutral 
lining, and the addition of lime during the 
A\orlung. Several special furnaces have been 
devised for this purpose, but the ordinary 
furnace as used for the acid process gives equal 
if not better results. 

A special type of furnace on the Batho jirinciple 
was devised by Dick and Riley for use T^ith the 
basic process. It has a circular or oval body, 
with a steel casing. It is placed on a platform 
supported by girders, and left entirely clear under- 
neath, so that the bottom is kept cool and the 
lining better preserved. The four regenerators 
form four circular towers, and, instead of being 
situated below the bed of the furnace, are placed 
in pairs at opposite sides of the furnace. Each 
regenerator forms a separate structure, which is 
out of harm’s way in case of the metal breaking 
out, and as it has only its own weight to cany , 
it cannot get out of shape. It is very desirable 
to regulate the amount of gases passing through 
the regenerators, in order to control the relative 
amounts of heat stored up in these chambers. 
_Tlie tendency is for the gas chambers to receive 
the largest amount of waste heat, whereas the 
air chamber should be the more highly heated 
of the two. The regulation is affected l>y the 
ad^tion of a new kind of disc valve. 

ITie regenerators are 6 ft. 0 in. internal 
diameter, lined with 9-in. firebrick, and have 
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outside casings of Yj^^tli in, steel plates. The 
Batho method of arranging the flues has been 
adopted, the distinctive points of which are 
that the gas and air ways are brought up outside 
the furnace instead of inside, as in the ordinary 
Siemens furnace. In the latter form the ex- 
pansion and contraction disturbs the brickwork, 
causing cracking, which leads to the mixing of 
the gas and air before entering the furnace 
ports. In the Batho type the external arrange- 
ment of the flues simphfies the furnace itself, 
reducing it to a simple box, which may be readily 
lined by ramming in material, or by brickwork. 
The ports arc of the Hackney type, the air-port 
being placed vertically, or nearly so, above the 
gas-port, so that the two streams directly unite, 
and are not deflected as in the Siemens type. 

The roof is dome-shaped, os in the Siemens 
radiative furnace, but it is not used for the pur- 
pose of radiating the heat of the flame, as the 
flame is thrown directly upon the material to be 
heated. The roof can" be made movable, so as 
to introduce large pieces of scrap. 

The roof is carried independently of the side^, 
and is built with silica bricks. The sides up to 
the top of the door and the gas- ports are of basic 
material. The acid section, however, does not 
rest upon the basic lining, a space being left 
between them, although acid and basic materials 
may touch provided one does not impose weight 
on the other. The basic lining is burnt dolomite 
mixed with tar, as in the basic Bessemer 
)u*ocess. 

Bertrand-Thiel Process. This con- 
sists of the use of two open-hearth furnaces 
used in conjunction, one termed the primary, 
and the other the secondary furnace. The upper, 
or primary furnace may be situated at a higher 
level than the secondary furnace, and is used for 
melting and partly refining common pig iron. Th(i 
largt^r, or secondary furnace is placed at a Iowti’ 
level, in which the partly refined iron, together 
with all the scrap available and some ore are 
melted, and the iron completely refined. When 
working with a large proportion of scrap the 
furnace hearths need not be kept so deep — that 
is, they may have less cubic capacity for a given 
weight of charge than when working witli 
pig iron alone, as in the latter case greater 
additions of lime and ore are necessary. More- 
over, when pig iron alone is used, the charge 
boils up excessively, and may cause the slag to 
flow out of the working doors, so that some scrap 
is advisable to quiet down the metal. Silicon 
and manganese are practically eliminated in the 
first furnace, together with some phosphorus and 
carbon. About two-thirds of the carbon and one- 
third of the phosphorus are left, to be removed 
in the finishing furnace. It will be seen from the 
above remarks that if it be attempted to urge 
the rapidity of decarburisation in an ordinary 
single open-hearth furnace, the slag will rise so 
rapidly as to run out of the doors of the furnace. 
The greater rapidity of working in the duplex 
method is due to the fact of the impurities being 
slagged off in two stages, hence there is less 
slag present and more room for the metal. In the 
lower hearth the metal, which has been largely 



freed from sand and slag forming elements, only 
causes a limited amount of slag to be produced. 

In an ordinary open-hearth furnace the oxida- 
tion of the charge is chiefly confined to the upper 
part, where it is in contact with the overlying 
slag and the lumps of ore, but in the Bertrand- 
Thiel process the hot metal from the upper fur- 
nace is run on to white-hot scrap which has 
become strongly oxidised, so that the oxidising 
influence is both at the top and the bottom, and 
the metal is therefore more quickly purified. 
Moreover, at the high temperature of tne Siemens 
furnace there is a violent reactidh between the 
metalloids and the oxide of iron, and great 
internal heat is produced by their oxidation, 
which greatly assists in maintaining the tempera- 
ture of the furnace. A basic lining appears to 
be necessary, and this lining in the preliminary 
furnace to a large extent contributes to the 
success of the process. 

Talbot Process. This is (‘ontinuous 
open-hearth process conducted in a tilting fur- 
nace with a basic lining. The furnace is specially 
designed so that any quantity of slag and metal 
can be poured off at any period during the 
working of the charge. The method of working 
as explained by the inventor is as follows. The 
pig iron used has the composition — carbon, 
.‘1*76; silicon, 10; sulphur, O'OO ; phosphorus, 
O’OO ; and manganese, 0*40 per cent. This is 
melted in a cupola. Suppose the furnace to be 
charged on a Sunday night with oO per cent, 
molten cupola metal and 50 per cent, scrap. 
This is worked in the usual way for steel. When 
the charge is finished, about one- third — 20 tons — 
is poured off into the ladle and cast into ingots. 
No slag is run off with this portion of the steel. 
Oxide of iron in the finely -divided state is then 
thrown on to the slag, and as soon as it is 
melted about 20 tons of cupola metal are run 
in to replace the steel tapped off. An immediate 
very active reaction takes place, during the 
continuance of which the gas is cut off from the 
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furnace. Carbonic oxide is copiously evolved, 
and after the boil has been on for 15 minutes 
the slag is poured off, and the bath of metal 
worked into finished steel by the help of fresh 
additions of iron ore and lime. Another 20 tons 
are again tapped off, and another similar quantity 
^ of cupola metal added tks before. These opera- 
tions are continued for a wTek, and the furnace 
completely emptied on Saturday. 


MCTALS 

The Wellman furnace used in the Talbot pro- 
cess^ [41 and 42 ] is a long, horizontal chamber, 
resting on the pair of racl», and rolling on them 
by means of the segments of an enormous 
pinion. The rolling motion is given to it by large, 
nearly vertical, hydraulic cylinders, and when 
tapping, the furnace is tilted forwards [ 42 ] so 
as to depress the tapping spout, through which 
the metal is poured, fiie rolling surfaces are 
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provided Avith rack work, which keeps the fur- 
nace parallel without supporting any of its 
weight. In order to tilt the furnace, water is 
admitted to the top of the cylinder. The gas and 
air ports are of novel construction. The two 
passages leading from the regenerators and the 
ports terminate in two w at-er-troughs on the 
level of the charging floor. The brickwork of the 
ports is enclosed in a metal cage, but instead of 
being fixed il moves on flanged Avheels running 
on rails, which enable it to be moved a few' 
inches to and from the furnace end. When 
melting is in progress the ports are moved up 
to the surface, so that the face plates are in con- 
tact. When ready to pour, the ports are moved 
away. A special kind of ladle is also used, 
attached to the front of the tapping hola; and 
forming part of the structure. This ladle has 
two pouring holes and stoppers. When the 
furnace is tilted for pouring, the metal and slag 
flow into the ladle and stand at the same level 
a.s the metal in the furnace. 

Trains of casting bogies, each containing two 
moulds, are then brought undei* the teeming 
holes of the ladle, and two moulds can be filled 
simultaneously. The regenerative chambers are 
arranged in pairs at each end of the furnace, 
and extend under the charging platform. The 
furnace top, side, and outer layer of the bottom 
are lined with silica and magnesite bricks. The 
bottom is made with magnesite. The air-re- 
versing valves are of the usual butterfly pattern, 
and the gas valves consist of two mushroom 
valves. Both valves and seats are water-cooled. 
There are three charging doors, operated by 
pneumatic cylinders through wire ropes, the leads 
licing so arranged that the doors are kept closed 
while the furnace is being tilted. 

Metal Mixer. Many attempts have been 
made to use the liquid cast iron direct from the 
blast furnace for charging the Bessemer converter 
and the open hearth, but owing to irregularity 
in composition tliis has not been successful. If, 
however, the tappings from several blast fur- 
naces are mixed together in a special receiver, 
the irregularities are neutralised, a certain 
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amount of purification takes place, and a lai^e 
mass of a fairly uniform composition is obtained. 
The mixer may bo ot various shapes, but it is 
usually made of 'WTOught iron or steel plates, 
lined with firebrick. It is mounted on trunnions 
and tilted by powerful mechanical gearing. In 
some works the mixer is of a semi-cylindi'ical 
form with hemispherical ends and an arched 
roof. It rests on rocker bands, and is tilted 
by a ram at one end. In other works the tilting 
open-hearth furnace is used simply as a mixer. 

Charging Machines. One of the defects 
of an ordinary open-hearth furnace is the great 
amount of time and labour absorbed in charging 
the furnace by hand, and this has led to the 
introduction of machines for this purpose. 
The first machines were w’orked by hydi’aulic 
})ower, but these have been replaced by elec- 
trically-driven macliines, of w’hich that of 
Wellman is the most largely used. The materials 
are put into iron boxes [ 42 ], each holding 1 ton, 
wliich are picked up by the machine, pushc'd 
into the furnace, emptied, and withdrawn, 
the w'hole operation taking one minute, so that 
50 tons can l>e charged into the furnace in about 
one hour. 

Casting of Steel. In order to get sound, 
forgeable ingots of steel, great care is necessary 
to avoid blowholes, segregation, and piping. For 
this purpose a dead melt is necessan^ — that is, 
to finish with a good, thick, clean, non -oxidising 
slag, which must be at the same time fairly fluid, 
to prevent it entangling some of the metal. 

Fluor-spar added to the metal in the ladle 
gives good results. The gases in steel are princi- 
pally hydrogen, nitrogen, and carbonic oxide, 
and these are likely to increase with the rising 
temperature. The presence of silicon and 
manganese tends to keep these gases in solution, 
and thus to prevent unsoundness. Aluminium 
is generally added to the metal in the ladle for the 
same purpose. The amount of silicon, manganese, 
or aluminium should l>e limited to the quantity 
required for absorbing the gases, otherwise 
the excess alloys with the steel and injures its 
qualities as well as tending to promote segre- 
gation. A steel casting is very liable to havt* 
internal stresses, caused by unequal contraction 
on coohng. Tlie amount of shrinkage varies 
from 15 per cent, to 2 per cent., according to llic 
com{>osition and temperature of the metal. The 
softer and hotter the metal the greater the 
shrinkage. 

Annealing of steel castings is very important, 
in order to remove the stresses set up in solidify- 
ing. and thus to toughen the metal. The proper 
annealing of large castings takes nearly a week. 
Different articles require different amounts of 
carbon. Steel for pinions and hammer dies 
requires 0*6 per cent, of carbon ; miscellaneous 
gearing, from 0 4 i^er cent, to 0*6 per cent. ; general 
machinery castings, less than 0 4 per cent. ; and 
eastings subject to great shook should not con- 
tain more than 0*2 per cent. Hulls and gun- 
carriages contain from 0 2 to 0 3 per cent, of 
carbon. Steel castings to stand the same stress as 
iron need only to l)e two-thirds as heavy if they 
are largo. Steel is now taking the place of iron 
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in gearing, hydraulic cylinders, engine cross 
heads, pistons, rolls, spindles, coupling boxes, 
hammer heads, dies and castings for ships. 

Treatment of Steel Ingots. Steel is 
not piled like iron for reheating, but cast into 
ingots of the proper size for th^roduction of the 
required bar, plate, rail, etc. Tne'hot ingots are 
usually conveyed from the moulds to a Treating 
furnace, and were formerly extended by the 
steam hammer before rolling ; but this is now 
considered objectionable, and they are therefore 
passed directly through the cogging or roughing 
rolls, then relieatcd and rolled in the finishing 
rolls to the required section. For small rails, the 
blooms after cogging may be finished right off 
without reheating, being rolled in long lengths 
and then cut into rails of the requir^ length 
by a circular saw\ This reduces the amount 
of w'aste from the crop ends, as a fewer numbcT 
of rough ends require to be cut off than wiion 
the rails are made in short lengths. 

Soaking Pits. Instead of using a re- 
heating furnace the sensible heat of the ingots 
may Ix' utilised by placing them in hot pits 
built of masonry. The ingot of steel is removed 
from the mould as soon as it is sufficiently 
solidified, then placed in the hot pit and closely 
covered. By this means the heat given out by 
the metal is absorbed and stored up in the 
brickwork. In about an hour the ingot will 
l)c at a uniform temperature throughout, and 
sufficiently hot for rolling. During the soaking 
process a quantity of gases is liberatt»d from the 
metal, consisting of hydrogen, nitrogen, carbonic 
oxide, etc., thus excluding the air and pre- 
venting oxidation. If the brickwork becomes 
overheated, it may be cooled by dropping in 
some coal, when the surplus heat is absorbed in 
decomposing the coal and in volatilising the 
products. Considerable economy is claimed 
for this mode of working, as the loss of metal 
by oxidation during reheating, together with the 
expenditure of fuel, is largely avoided. 

If, however, the output be insufficient to k(‘('p 
the pits occupied, and considerable intervals 
of time elapse l)etwoen the heats, the pits lose 
too much heat, and the ingots get cold. In such 
a case the pits are generally heated by gap. 

Steel Rails. The essential })ropertic,s in 
a rail are hardness and toughness, which do 
not generally go together. If tlie metal is 
not hard enough the wear will be too rapid, 
due to the constant abrasion to which it is 
subject<*d, and if too hard it is liable to be 
brittle and fractured by the sudden shocks 
which occur by trains running at high speeds 
over it. However, rails are now made harder 
(that is, higher in carbon) than formerly. A 
medium hardness is therefore best, as it gives 
a good life to the rail without the great liability 
to crack w^hich harder steels possess. In order 
to compensate for the increased brittleness of 
the harder rails now in use, the weight has becTi 
increased from 56 lb. or 80 lb. to 84 lb. or 
100 lb. per yard. The smaller figures are for 
rails for small lines, and the higher figures for 
rails for main lines. 
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Defects of Rails. One of the chief causes 
of brittleness in x'ails is the presence of too much 
phosphorus in the steel. Phosphorus generally 
raises the elastic limit, and thus the elastic ratio, 
which is an indei of brittleness. An illustration 
of the vagaries of phosphorus in steel rails may 
be given in the case of weld-iron rails, which may 
have as much 6is 0*45 per cent, of phosphorus 
and yet stand a severe impact test without 
breaJMg, while steel rails with 0*3 to 0'4 per 
cent, of carbon and 0‘15 per cent, of phosphorus 
are liable to break with a drop test of one ton 
falling through 6 in., so that anything above 
0*1 per cent, of phosphorus is dangerous. In 
fact, the behaviour of phosphorus is so capricious 
that it is better absent altogether. Silicon is 
another element which tends to promote brittle- 
ness, and this should, therefore, be low. The 
higher wheel-loads now used on our large railways 
require that the rails should possess greater 
hardness, or the ends are liable to \ye crushed. 
The ceirbon is now increased to 0*5 per cent., 
the manganese to 1 per cent., the silicon to 
0*1 per cent., and the phosphorus below 0*1 
per cent. If the carbon be increased to 0*6 
per cent., as in the case of some American rails, 
the phosphorus and silicon must be present only 
in minute quantities, or the safety of the rails 
will be dangerously impaired. Mr. Sandberg, 
rail inspector of the Swedish State railways, 
found that 80-lb. rails with 0*6 per cent, of 
carbon flew into pieces with less than half the 
specified tup test^ while those wnth 0*45 per cent, 
stood the test of a drop of one ton falling from a 
height of 20 ft. Sir Lowthian Bell considers that 
the fracture of rails is chiefly due to mechanical 
causes rather than to chemical composition. 

Nickel Steel Rails. Nickel steel is now 
being used for rails in America with excellent 
results. The following table, by P. H. Dudley, 
gives the chemical composition of the rails 
furnished by the Carnegie Steel Company, which 
were made by the open-hearth and Bessemer 
processes as indicated : 


Nm 

Opoii Hearth. 


Bcatteinor. 

Besecniei . 

Nickel 

3 52 

8 22 

3 50 

3-40 

Carbon 

0 33 

0 60 

0 52 

0-40 

Silicon 

0 05 

013 

0 

0-11 

Manganese . 

0 80 

roo 

0 

0 79 

Phosphorus 

0 14 

0*09 

0 

0 09 

Sulphur 

0 02 

0-03 

0 

0 04 


The wear of these rails was very satisfactory. 
A report stated that since they were laid they 
had outworn two or three ordinary rails, and 
were then only beginning to show signs of wear. 
Some of the rails were, however, too hard, and 
in some bi-eakages had occurred. 

There are several distinct forms of wear and 
deformation of rails which must be due to the 
physical and mechanical properties: 

1. Surface wear of the heads, due to the 
rolling loads. Surface wear from adhesion of 
the engines \riiich draw the trains. Surface 
wear due to the application of breaks to retard 
or stop the trains. Surface wear due to sanding 
of the rails. 


2. Oxidation of the surface of the rails. 

3. ear of the base of the rails on the cros.s- 
ties and under the spikes. 

4. Wear and oxi^tion of the metal of the 
heads and bases of the rails at the fishing angles 
with the splice bars. 

5. Wear and deformation at the joints 

6. Wear of the surface due to gradients, 
abrasion due to curvature, and distortion dut^ 
to hollow wheel treads. 

7. Large shearing stresses in the web of the 
rails, due to the rails riding the bolts. 

So far as rails are concerned, the advantage 
of open-hearth steel over Bessemer steel has 
not yet been definitely proved, but whatever 
steel is used care must be exercised in making 
it, in pouring the ingots, in their handling and 
heating, and in the rolling and straightening of 
the rails. The new method of roSing has a 
tendency to prevent that care and supervision 
being exercised which was formerly bestowed 
when rails were made shorter and lighter. 

Testing Rails. A rail, being practically 
subjected to a succession of blows in practice, 
IS generally tested by a drop test. This con- 
sists of the weight of one ton falling through 
the distance of 15 ft. for a light rail, and 20 ft 
for a heavy rail. For light railways in thi^ 
countiy a rail weighing 56 lb. per yard 
specific by the Boai'd of Trade, a maximum 
load of 10 tons on the axle, and a maximum 
speed of 25 miles per hour. In older to test 
a rail for sufficient hai’dness, a short piece is 
laid on bearings about 3 ft. apart and the centre 
loaded with a weight of 10 tons to 20 tons, 
according to the weight of the section, under 
which the rail must show no appreciable }X'r- 
manent set, and there should he no imdue 
deflection under a load of double this amount. 

An American Rail-mill. A modern 
American rail-mill is arranged three lolls 
high, and consists of tliree or four separate 
mills, each driven by its own engine. This 
throe-high system admits of two pieces being 
rolled in a stand of rolls simultaneously, and 
in such mills the grooves open upwards and 
downw'ards alternately, so that the rail dot^* 
not need to be turned upside down betw^een vM'h 
pass, as in the reversing rolls. The hot ingots ot 
steel as they come from the heating furnace or 
soaking pit are first passed through the blooming 
or roughing rolls. Here the steel receives a 
rough shape, and is then conveyed to the shears 
and cut into two pieces, one being used for a 
small rail, and the other for two larger ones. The 
large pieces ai-e reheated, and pap to the finish^ 
rolk, where the bars are made into finished rails. 
Before the final rolling the rail is taken to a cooling 
table, where it is allowed to remain until it has 
cooled down to a certain temperature (about 
870° C.). This gives a fine grain 
The smaller pieces to be converted into small 
rails are reheated in a furnace, and when sufficiently 
hot are passed in succession through three sets 
of rolls, each three high. The finished rails arc 
cut into lengths 30 ft. long. 
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By A. TAYLOR ALLEN 


•yHE composition of house refuse varies greatly 

* with the tou*n, the quarter, and the season, 
on account of the kind of combustible employed 
in the district. It consists of legitimate house- 
hold waste of every kind which can be throun 
into a dry receptacle, sucli as ashes, cinders, 
house sweepings, vegetable refuse, broken 
crockery and glass, bottles, waste paper, rags, 
worn mats, pieces of carpet, and cans. In 
addition to these, a vast number of other things 
find their way into the family dust-bin, 
through carelessness and extravagance. It is 
estimated that a thousand j)ersons produce 
annually 350 tons. 

Sanitary Science. Tlie preservation of 
health has always engaged serious attention, 
and while all branches of hygiene have shared 
in the gigantic progress of modem times, pro- 
bably the greatesT advances have been effected 
in sanitary science. The cleanliness of modern 
cities, compared with the filthy habitations of a 
time not so very long remote, has had a tre- 
mendous effect on the mortality attending 
epidemic diseases, and if further proof were 
needed of the nearl}* complete security obtainevi 
in this manner, it is to be found in the history 
of the Jeus The Mosaic laws contained 
elaborate directions for health -preservation by 
scrupulous attention to cleanliness, and it is a 
remarkable fact that the Jews, throughout the 
whole of their existence, have enjoyed a won- 
derful immunity from diseases of the epidemic 
tvpe, the only exceptions being at times when 
they have relaxed their vigilance in preventing 
near dwelling-places tliat continuous deposition 
f>f organic matter which is so productive of 
disease. 

The second half of the nineteenth century 
brought forth numerous changes in the methods 
of freeing towns from obnoxious matters. One 
favourite procedure that has had to give way 
to latter-day ideas was that of filling up disused 
clay or gravel pits w'ith the collected refuse. 
On the top of the decaying matter a layer of 
soil used to be put, and, in a few years, streets 
of houses sprung up on the sites of the old pits. 

The law relating to the collection of house 
refuse and the consideration of a system of 
collection affects every municipal authority. 
Under Sec. 42 Public Health Act, 1875, every 
local authority may undertake or contract for 
the removal of house refuse ; and under Sec. 44 
of the same Act, and under Sec. 2b Public 
Health (Amendment) Act, 1890, they may 
impose on occupiers of houses such duties as 
will facilitate the work of collection. 

Refuse Disposal. Manuring by refuse 
does not produce immediate results ; the destruc- 
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tion of the organic products by fermentation 
takes place slowty, and the assimilation of the 
manure is long in completion. The mixture of 
debris and all kinds of unscreened refuse brings 
on to arable land and meadovs obnoxious 
articles, annoying to tlie farmers and dangerous 
to the animals that work or graze on the land. 
The employment, more and more recommended 
by agricultural schools, of chemical manures, 
whose absorption is rapid and easy, has li*d 
the farmers — and the care for public health 
which is now beginning to preoccupy even rural 
districts has comi)elled them — to remove further 
and further from their houses the heaps ot 
refuse which fonnerly did not trouble them, 
and which had too long been accumulating on 
the farms to the great detriment of the public 
health. 

lentil recent years it "was the practice in a 
London suburb to mix the sewage sludge with 
the house refuse, after taking out the rouglier 
materials, such as pots, bottles, etc. For some 
years this mixture w’as readily taken by the 
farmers in the neighbourhood, wiio paid a 
small sum per load for the material. Gradually, 
however, as farmers and arable land became 
scarce, and bricks and mortar took the place of 
com, the difficulty of dealing with tliis material 
grew very rapidly. 

Economic Difficulties. The little ground 
that was left in the neiglibourhood upon w hicii 
farm produce was formerly grown was taken 
up by market gardeners, who had no great love 
for this material, for, although the land may bt* 
somewhat Iieavy, cabbages and plants of that 
character are not benefited by cinders and ashes : 
consequently the authorities were compelled 
somewhat to alter their mode of mixing the 
material. Eventually the demand became so 
small that they had to look llic difficulties of 
the case fairly in the face and endeavour to 
find a remedy. To dispose satisfactorily ot the 
heterogeneous masses of matter recourse must 
be made to the greatest agent, /fre, w^hich is 
recognised as the right means of disposing of 
rubbish, wliich, unless promptly dealt with, 
is a grave danger to healtli. Defective appli- 
ances for burning garbage are, however, them- 
selves a nuisance. A refuse destructor proi>erly 
designed and constructed is the only knowm 
means of disposal which satisfies both sanitary 
and economical requirements. 

The Refuse Destructor. The destioictor 
should be of the best pattern, and sliould be 
designed and constructed by experienced hands. 
The material to be burnt is varied in character ; 
sometimes dry and dusty, sometimes wet and 
foul, containing animal, vegetable, and mineral 





or 


III 


tINQ 


matter. The destructor must be capable of 
burning thoroughly whatever comes, producing 
nothing from the chimney but perfectly harmless 
gases, and nothing from the clinkering floor but 
perfectly burnt and vitreous clinkers and ashes. 
For these objects we require (1) very high 
temperatures produced by forced draught ; 

(2) flue arrangements which ensure that all 
gases are exposed to the highest temperatures ; 

(3) means of arresting all dust in the flues so 
that it shall not escape up the chimney. 

It is also necessary that the furnaces be 
constructed in the most durable manner, and 
with the best of labour and materials, so as to 
stand hard wear and tear. Further, the cost 
of labour in working must be reduced to a 
minimum, and the conditions of labour must 
be such os can be borne by self-respecting 
workmen. 

Cremation of Refuse. There is nothing 
new in the treatment of refuse by cremation ; it 
is a subject the sanitary importance of w hich has 
l>een recognised almost from time immemorial. 
Ancient history records that the purification of 
insanitary difficulties by fire was the mode 
practised by tlie Jews, Greeks, and Romans. 
It is interesting also to notice that among the 
antiquities of ancient Rome is a pillar bearing 
the inscription : “ Take your refuse further, or 
you’ll be fined.” In Jewish history, too, we 
read that the valley of Gehenna or Tophet, 
where some of the Jews once sacrificed their 
children to Molech, and which was subsequently 
regarded as a place of abomination, was made 
a receptacle for all the refuse of the city of 
Jerusalem, and tliat perpetual fires were kept 
burning in order to prevent pestilential nuisances. 

As regards our modern English modes of 
disposal by fire, the practice and appliances 
employed to-day are the result of much ex- 
periment, and various furnaces and machines 
have from time to time been designed and 
patented. 

Utilisation of Residue from Crema- 
tion. Although in practice the first considera- 
tion must always be the effectual clearance of 
house refuse so as to prevent it becoming a 
dangerous nuisance, the question of its utilisation 
must frequently occur. In a well-conducted 
refuse destructor, the residuum consists of ashes 
and hard clinkers. 

The utilisation of the residuum is important 
as bearing upon the cost of the so-called “ des- 
truction ” of the house refuse, which formerly has 
been treated as a waste product. 

Refuse destructor clinker has been found to 
consist of 74 per cent, slag and other matter 
insoluble in hydrochloric acid. The portion 
soluble in hydrochloric acid consists of silicate 
of alumina, lime, and magnesia and iron, with 
a little sulphate and a considerable proportion 
of finely divided and diffused metallic iron. 

In a well-conducted refuse destructor, the 
residue consists of a fire ash and a hard clinker, 
which is fused more or less together, according 
to the heat to w hich it has been subjected. 

The clinker is used for making concrete, by 
being broken into suitable sizes and mixed with 


Portland cement in the usual manner, the founda- 
tions, walls, steps, and even buildings being 
constructed of this material. Another use to 
which the clinkers are almost universally put is 
that of mixing the clinker with lime, placing the 
mixture within a pug mill with whaler, and thus 
manufacturing lime mortar. 

Owing to the porous nature of the material, 
the mortar thus made is extremely tenacious 
and hard when set. Mixed with Portland 
cement, the clinkers form good artificial stone, 
either in the form of flagging steps, window sills, 
door heads, pillar blocks, and a great variety of 
purposes. The sides and bottom of one of the 
swimming baths at Bristol are covered with a 
layer compounded of the residue from a refuse 
destructor. 

There is a good opening for the making of 
concrete paving slabs from the fine elinkeis, and 
they can be manufactured successfully by hand. 
Economical ratepayers may thus be able to 
derive gratification from the fa<*t that ashes 
from their back yards may be laid down as slabs 
at their front doors. 

Origin of Refuse Destructors. The 

problem of cremating refuse in speeially-con- 
structed furnaces was not seriously attacked 
much earlier than 1870, but as the tipping grounds 
near large towns became filled up it was obvious 
that some new and more sanitary method of 
disposal would have to be found. It had been 
the custom to make small bonfiies on the tipping 
grounds, in which the more promising combust- 
ible materials were burnt ; and, as the difficulty 
of disposal became more pressing, the burning 
of refuse in a closed furnace naturally suggested 
itself. The first attempt, made at Paddington 
in 1870, to bum house refuse in closed furnace^ 
proved a failure, was discontinued, and the 
plant was soon pulled down, as it failed for 
want of draught, a defect which was attributerl 
to the furnaces being below ground level. The 
object of a destructor is to convert city refuse 
into fixed and harmless products by means of 
combustion, and to change organic matter into 
innocuous forms of vapour, carbonic acid gas, 
and nitrogen, all of whrch are commonly foiiiul 
in atmospheric air. 

The pioneer of the municipal refuse destiiu tor 
had to combat and overcome ignorance and 
prejudice at a time when the standard of sanita- 
tion was a low one. He was offering an imper- 
fect appliance, fated to be prolific of nuisance, 
a furnace primitive in design, and certain to 
cause offence. He could offer no asset, even in the 
modest form of a vitreous and marketable clinker, 
and he produced no power available for work. 

Ordinary type furnaces, built mostly by 
dust contractors, were used in London and in the 
North some forty years ago, but they were 
unscientifically constmeted, and not adapte<l to 
the proper combustion of refuse. It was con- 
sequently found necessary to use coal or othta 
fuel with the collected refuse to ensure its 
cremation. 

A Pioneer in Sanitary Science. To 

the late Mr. Alfred Fr3rer must be given the 
credit of solving the important question of how 
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to deal in a sanitary and satisfactory way with 
town’s refuse. He recognised at once that to 
render such refuse innocuous, it must be burned, 
and burned at such a temperature that the resi- 
duum should consist only of the incombustible 
portion of the refuse, and that this residuum 
should be completely sterile ; further, that the 
destruction by fire should be conducted so that 
the gaseous products were free from smell and 
from admixture with solid particles — this 
destruction by fire to be carried out without the 
addition of any fuel of higher calorific value. 
Mr. Frj^r invented and designed the first 
furnaces put up in this country for destroying 
refuse. He termed one furnace a “ cell,” and 
he coined the word “ destructor ” to represent a 
plant consisting of one or any number of cells. 

Types of Refuse Destructors. There 
are various types of refuse destructors. With 
a fe'w exceptions, they all have this common 
feature. The furnaces or cells are strongly built 
of brick, vnth iron fittings, and the geneial 
building, sui^ounding and covering the destruc- 
tor, is of brick, vith roof supported on iion 
columns. The destructor is approached by an 
inclined roadway to the top or tipping platform, 
from 16 ft. to 18 ft above the clmkering floor or 
ground level. In th ' centre of this platform is a 
^enes of feeding holes, or hoppers, into vhich the 
refuse is dravn and let down into the furnaces 
or cells belov. The stokers standing on the 
clinkcring floor, at the ground level, rake the 
refuse forward on to the grate or fiie-bars, and 
once combustion is begun no fuel is required, 
there being sufficimt combustibU' material in 
the refus(‘ to keep the furnaces going. There 
is no storing of refuse, no more being taken to 
the destructor than it can bum as delivered. 
After burning, the refuse is reduced to about a 
third or fourth of its original weight, the residue 
bemg made up of fine ash, strong hard clinker, 
old tin. etc. But having passed through the 
fire, it is no\^ powerless to do any harm, and it 
is not without its uses, 

Tlie destructor has now hccoine very general 
throughout the country, and numerous furnaces 
of recent ty]je are now either in course, or at the 
point, of erection, a destructor in large towns 
Ijeing regarded almost as an indispensable item 
in the list of municipal contrivances. 

Construction of Modern Destructors, 
The first destructor was erected by Manlove, 
Alliott & Co., of Nottingham, aliout the year 
1876 or 1877. at Water Street, Manchester, and 
consisted of two simple cells, which proved to 
lie capable of meeting practically all the require- 
ments laid down. It is even related that in 
this first destructor, sludge swept from the 
macadamised roads of Islington was burned 
with no other admixture than an equal part of 
the wet contents of the ashpits of Manchester, 
and no other inconvenience was felt at the 
destructor than a diminution of the amount of 
work the cells could perform. 

Mr. Fryer’s original cells form the basis of 
nearly all the different types of destructors since 
erected, and the essence of his first patent w'as — 

“ Charging or supplying the refuse at the back, 
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and drawling out the clinker, the residuum, at the 
front.” In the cells or furnaces themselves, two 
processes are continually going on — namely, 

(1) combustion of the refuse on the fire gi-ate. and 

(2) the drying of fresh refuse preparatory to 
its replacing the refuse in a state of active 
combustion. 

Operation of the Destructor. The 

refuse having been collected, it is delivered 
on to a tipping platform, usually arranged at a 
higher level than the top of the ceils. This tipping 
platform is reached by an inclined road. Two 
methods of feeding the furnaces may be adopted 
— hand feed, in which case the refuse is raked 
forw^ard through the charging holes on the top 
of the furnaces, or a very valuable adjunct to a 
destructor, namely, Messrs. Boulnois & Brodic's 
patent refuse storing and charging apparatus. 
In either case the refuse gra\dtates downw'ar(N 
through the furnaces, emerging at a lower le\t‘l 
as clinker and fine ash, and amounting to al)out 
25 pcT cent, of the original weight. 

The storing and charging apparatus consists 
of trucks running on rails on a second platform 
below' the tipping platform. These trucks tire 
divided into sections, the contents of each 
section forming a suitable charge for the furn^kccs. 
None of the refuse is handled by the attendants, 
and the operations are conducted w'ith cleanli- 
ness and convenience. The trucks are moved by 
means of chains operated by winches on th(» 
platform above, being moved either over tlu* 
charging door on the top of the furnaces, when 
the refuse is automatically discharged from the 
truck section immediately over the opening in 
suitable portion to constitute a charge, or w'ith- 
drawTi away from any chance of becoming heated 
till another charge is required. None of the refuse 
comes into contact with the heated surface of the 
destructor till it is actually delivered into the 
furnace, and the 0 ])ening and closing of the 
charging doors is very quickly effected. 

The “ green " refuse fed into the furnace 
falls upon a sloping drying hearth at tlie rear, 
where the moisture contained in it is soon 
evaporated. It is then raked forward on to the 
firebars, there to undergo active combustion, 
the temperature in the furnace usually being 
over 2,000° F. The gases and fumes given off by 
the green refuse are made to pass over the 
hottest part of the fire, and are thus cremated. 

The application of forced draught — or forced 
combustion — results in the increased efficien(y 
of the destructor furnaces as refuse burners. It 
has liecn found most economical to apply the 
fan system of forced blast, by means of which 
some 10 to 12 tons of refuse may be burned per 
cell per day. 

The ** Wood and Brodie ** Destructor. 

The “ Wood and Brodie ” combination of 
destructor cells and power plants consists of the 
sandwiching of a water-tube boiler between each 
pair of furnaces or cells, so that the hot gases 
pass directly into contact with the heating surface 
of the lx)iler. As two cells are always delivering 
the products of combustion to one boiler, one 
cell can be at its hottest and brightest condition 
by the time the other is ready for firing, the 
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temperature around the boiler tubes, as well as 
the steam production and pressure, l^ing main- 
tained practically uniform. 

The fore^ing combination is arranged as a 
“ unit,” each imit consisting of two cells and one 
boiler. The destructor cells as well as the boiler 
each have an alternative connection to the flue. 
One or both furnaces of the unit can therefore be 
used as simple refuse-burning furnaces when the 
boiler is shut down for any reason, and the boiler 
can be used as a coal-fired steam generator 
should this be desired. The boiler is suspended 
quite independent of the brickwork. It is thus 
free to expand and contract without affecting 
the brickwork in any way. The side walls of the 
cells form the walls of the boiler chamber. 


back-to-back, and the refuse is shot from the 
carts on to the deck forming the top of the 
furnaces ; the deck, however, is kept cool by 
means of air ducts or conduits formed in the top 
of the furnaces. The refuse is then fed into the 
furnace by being pushed down through the 
charging opening. There is no lid to this type of 
furnace, but the refuse is simply trodden down 
into the feed-hole after the furnace is charged, 
and, owing to the peculiar shape of the feed 
opening, it closes the hole smoke-tight. 

The third type [3] is the “ back-fed ” furnace 
as in use at Luton, Windsor, and many other 
places. This type of furnace is similar to the last 
except that the feeding is done through a vertical 
floor in the back of the furnace. 


and no special seating is required. 

The designers and erectors of the im- 
proved Fryer’s destructors, embodying the 
Boulnois & Brodie and the Wood & 
Brodie patents are Manlove, Alliott & Co., 
Ltd. As this firm had the advantage of 
erecting the first destructor furnace at 
Manchester, and probably one-half of 
the entire number of destructors installed 
in this country since then, the installa 
tions put up by them may be taken as repre 
senting the 
most advanced 
j)ractice. 

Horsfa 1 1 
Furnaces. 

The following 
i m p r o V e - 
ments have i 
been patented 
by the Horsfall ^ 

Company all 
over the world, 
and they are 
the chief 









the refuse being first of all tipped 
on to a feeding bin at the back 
of the cells. From there the 
refuse is thrown into the furnace 
by means of the shovel. This 
system has one advantage over 
the last described, in 
the fact that the in- 
clined road need not 
be so long or high as 
for the ■' top- 
fed” furnace. 

Similarity 
of WorKing. 
In all thrc(‘ 
type^ the >vorldng 
parts of the furnaces 
are vt‘ry similar ; tin* 
fires are trimmed 
through small i akt‘ 
doors fixed in tin* 
centre of the large 
elinkering doors, and 
arranged so that tin* 
greater part of the 


features of dis- 1. section of caht-ped furnace work can be done by 

tine t ion be- the men without 


tween the Horsfall and other furnaces. 

The first type of furnace illustrated — namely, 
the “ cart-fed ” fl], erected at Bromley and other 
places, is a great improvement from the point of 
view of economy in charging. The furnace is 
provided with a w^ater- sealed lid of large size, 
which can be opened by means of a chained 
wheel actuated by hand. The feed-hole is large 
enough to take the whole of the contents of a 
four-wheeled van. This arrangement saves all 
the labour of charging the fmmaces by hand, and 
it is also much more ready, as it frequently 
enables two tons of refuse to be shot into the fur- 
nace, and the lid closed again, within about 
half a minute. 

The method of working is to have enough spare 
carts to store the refuse for the night, such carts 
being brought as required, and their contents 
shot into the furnace during the time when the 
collection is not going on. This system of direct 
charging has a sanitary advantage in the fact 
that it prevents any picl^g over of refuse, for the 
saving of tins, rags, and so forth. 

The second type illustrated [2] is that at West 
Hartlepool, in which the furnaces are placed 


being exposed to the lieat. The elinkering 
doors are opened only for the purpose of 
elinkering, which is done at intervals of about 
two hours. The furnaces in all cases are 
worked in strict rotation, so that there are 
never two freshly- charged fires at the same time. 
The furnaces are provided with forced draught, 
which may be obtained either by means of steam - 
jet blowers or fans. In either case the air is led 
first through cast-iron side boxes, which form the 
sides of the furnace for about 8 in. above the grate 
bars, and in passing through the upper part of 
these boxes the air is thoroughly warmed, being 
raised to about 400° F. before it enters the ashpit. 
Thus a hot blast is provided, the heat being 
abstracted from the clinker in the furnace. The 
boxes have the further great advantage that they 
prevent the clinker from sticking to the sides of 
the furnace and undermining the furnace hearth. 

In all Horsfall plants the cells arc completely 
separate, so that any one cell can be repaired 
without stopping the others. They are all pro- 
vided with ample drying hearths over the main 
flue, so that the stuff is well dried before being 
dragged forward on to the fire. 


5023 





OlVIl 


III 


tlNQ 


The outlet for the products of combustion is 
in every case placed in the front high up over 
the hottest part of the fire. This arrangement 
causes all tne fumes given off by the refuse in 
drying to be thoroughly cremated and scorched 
(jver the fire itself before they can possibly 
escape from the furnace. The products of com- 
bustion from all the furnaces mix in a combus- 
tion chamber or main flue situated belou the 
drying hearth, and this flue is constantly main- 
tained at a bright red heat, or about 2,000° F. 
By this means the possibility of smoke from the 
chimney shaft is prevented. It may be noted, 
however, that more frequently nuisance from 
the chimney shaft has been caused by fine 
dust carried in the gases than by smoke. To 
guard against this the Horsfall Company provide 
a centrifugal duet-catcher or vortex chamber into 
which the gases are led in such a mamier that 
they revolve rapidly within the chamber before 
passing outwards to the chimney, thus throwing 
off the suspended dust by centrifugal force, 
the dust passing into a pocket arranged at the 
outside of the dust -catcher. This pocket K 
arranged so that it can be emptied without 
interrupting the 'Process, By this mean's the 
whole of the suspended dust is extracted, and 
the chimney is frequently so clear that it i‘' not 
possible to tell whether the plan^ is working 
or not. 

Cost of Installation. The cost of 
destructor installations varies within very 
wide limits according to the arrangement of the 
plant and the adjuncts included. The .sums 
mentioned below, however, may serve as a 
rough indication of the average cost of plants 
w’hich have been erected witliin recent years : 


structure in brick or stone, in harmony with 
surrounding buildings and having some pre- 
tensions to architectural beauty. 

The engineering advisers of public bodies ai(^ 
concerned as to the cost per ton of destroying 
refuse in destructors. The following is a 
summary of 35 districts : 

5 (i.€., 14*3 per cent.) exceed Is. per ton. 

30 (f.6., 85*7 per cent.) are under Is. per ton. 

As an example of the expenditure and profit 
arising from a refuse destructor installation, 
take a town of, say, 30,000 population, and 
assuming the quantity of refuse to be 250 tons 
per annum per thousand of population, and the 
destructor to work 300 days per annum, then ; 

rDjuiinlioii 111 M Tons 

300 dnN - 

— S.T tCillM ol lefllMO JK‘1* dji\ . 

£ s. <l 

Oiiht of destructor cells, boilei, et(, 

complete, say . . . . . . 2.050 0 <» 

Co-vt of buildings, cluinnev. etc., mm\ 1.5.'“)0 (i 0 

£-1..500 0 0 

8. d 

Laboui, cost pei ton of icfiisi' 

tlestroyed. say , 1 0 

Inteiest, sinking fund and 
inaintenaiK e, snv .. 1 l> 

Total cost pel ton desljoved 2 0=- 750 0 0 

Steam )>ower raised (uhich may he 
supplied to, say, eledric light oi 
other ]x>w ei woiks) ujion a low basis 
of 1 lb. of steam per lb. of refust* and 
20 lb. of steam jiei T.H T. 840,000 
at •2Pd. . .. 1,015 0 0 

Residue of clinker, for which tlurt is 
a ready maiket, sa\ , 2‘> p(‘i (cnt. 

1,875 tons at 2s . . 187 10 0 


I’opnlat ion. 

5,000 \\ ith small boiler, etc. 
10,000 

25.000 Modern steam raising plant 

50.000 
100,000 



Z .SECTIOX OF BACK-TO-BACK TOP-FED 

These figures do not include any buildings or 
chimney, but represent the cost of plants 
contained inside the buildings. The cost of 
buildings, of course, varies very much, depend- 
ing upon the style, ranging from the cost of a 
corrugated iron building to that of an ornamental 


£1,202 10 0 

Thus, an annual profit of £450 could be 
derived from a small, well-designed destnictoi 
m installation. 

^ Utilisation of 
Power Generated. 
The heat of the gases from 
destnictois is of considei- 
able value, but is, unfortu- 
nately. often lost through lac*k 
of a convenient application 
near to the site of the de- 
structor. It is a curious fact 
tiiat although electric-lighting 
stations demand a considei- 
able quantity of power only 
three or four hours per diem, 
the (‘ombination of dostnictors 
with electricity stations is the 
coramone.st method of utilising 
the heat. There are, however, 

other kinds of municipal work 

'URXACE fhat can absorb a fair pro- 

portion of the pow'er avail- 
able. Stone-breaking, crushing and screening 
tlie clinker from the destructors or grinding 
it into mortar, driving repairing shops, sawing, 
sewage and water-pumping, heating baths, 
wash-houses, and even schools, have been 
caiTied out in different places by means of the 
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steam from destructors. In many towns and 
cities the steam generated from the burning 
of refuse produces a very substantial income. 

Many examples of excellent steam raising 
results obtained by plants arranged on the 
Wood & Brodie principle might be cited. At 
Liverpool, which was one of the first cities to 
see the possibilities of the destructor in the 
matter of supplying electric current, the Lave- 
rock Bank destructor is credited with producing 
from 60 to 80 units of electricity for every ton 
of refuse sent to the depot, and that without the 
use of coal. At Cobb’s quarry destructor, 
steam to the value of £1,700 was generated 
during 1902, this steam generating close upon 
a million and a quarter B. T. units of electricity 
and representing a value in electricity of about 
Is. 8d. to 2s. for every ton of refuse sent to this 
destructor during that year. Something like 
7,000,000 units of electricity — a very large 
proper- 
lion of the 
whole of 
the electric 
current 
genera- 
tod by the 
Liver- 
pool Cor- 
porat ion 
for tram- 
way pur- 
poses — is 
gen er a- 

ted by means of the refuse destructors at 
Liverpool. 

At Nottingham it has been found that the 
actual production of electricity has amounted 
to over 70 B. T. units per ton of refuse over 
the working day, and this under everyday 
conditions. 

As it is misleading to express the value of 
refuse in terms of B. T. inits of electricity 
without taking into consideration the steaming 
powers of the boilers, the economical working 
of the engines, etc., it will perhaps be well to 
record an observation made in April last (1906) 
at the Partick destructor, where, on the basis of 
30 lb. of steam per B. T. unit, over 127 B. T. units 
per ton of refuse burned were generated. To 
state this in another way: each ton of refuse 
coming into the works had an average value 
over the day of 127 B. T. units of electricity, 
assuming the engines to work with a consump- 
tion of 30 lb. of steam per unit. 

At the Cambridge combined plant — which 
was the first of the Wood & Brodie system to 
be erected, and consequently may be looked 
upon as showing a good record of continuous 
working over a number of years — the steam is 
used to pump the whole of the sewage of the 
town, amounting, at times, to os much os 
7,000,000 gallons per day, delivering it to a 


sewage farm 2J miles away from the pumping 
station, house refuse being the only fuel. The 
saving effected in the coal bill at Cambridge 
by the combination amounts to over £1,000 
per annum. 

Recovering Solder. Swaine & 
Harrison’s patent furnace has been designed 
to recover the tin and solder from the old cans 
that have been used for preserved meat, fish, 
fruit, etc. The furnace performs two operations, 
one melting off and collecting the solder, and 
the other burning the tin off the iron so as to 
leave scrap of marketable character. The 
method of working is very simple, and can easily 
be understood by a labourer of ordinary intelli- 
gence. The soldered tins are collected and 
tipped into the oven. Tn the course of throe 
or four minutes the solder will be seen running 
out in a stream througli the shoot which lead.s 
it into the receiver. The attendant moves a 

handle, 
which 
causes the 
tins to fall on the lower 
set of bars, where they 
arc raised to a red heat 
and the tin is com- 
pletely burnt off. 

The process occupies 
about an hour. The fuel is placed on a set 
of fire bars near the bottom of the oven, 
or the heat may be obtained from the 
destructor flue. 

Wages may be considered practically the 
only cost of working the furnaces, as the heat may 
be obtained fiom the combustion of rubbish. 

The following figures give results from actual 
working : 

£ s. d. 

Eight halt'lie«< pei day (solder tins) ; 


Y K'lding ."iO 11). solder per day . . . . 18 0 

Yielding 12 e\v t. iron .. .. .. Id 

1 8 11 

Expeii^e^ (\^ages) *1 

Cleai ])rt>ht per day .. •• 12 8 

Ordinary tiiih from stock heap • 

Yielding 12 Ih. solder per dav . . . . 4 <> 

Yielding 14 cw t. iron .. .. .. 1 ^1 

Ih 4> 

Expense^ (wages) . .. (> 

Clear profit p^r dav . . . .. 1(1 P 


The selling price of solder, of course, varies 
wdth the market. It has been dispo.sed of at 
prices varying from 6d. to 8d. per lb., and is 
usually about two-thirds the market value of 
tin. The solder has undergone severe tests 
and has been pro\ ed to be of good quality. The 
scrap iron being perfectly freed from tin, always 
commands a market, but the figures given above 
are fixed on the sale of solder only. The scrap 
iron sells at from 10s. to 20s. per ton, and is, of 
course, of excellent quality. This patent can be 
embodied in the Horsfall destructor scheme. 


Refuse Destruction concluded ; followed by Hydraulics 
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nicks; the groove and feet are at the bottom. 
On the face the typefounder bestows his utmost 
care, for that is the type ; but the other parts 
are also important. The bevel gives wearing 
strength to the letter, and the shoulders are 
spaces for the upward or downward strokes of 
ascending or descending letters. 

Look at “d” and *‘y,” for example. The upper 
stroke of “d” fills the top shoulder, and the down- 
ward curve of “ y ” occupies the bottom. By 
this arrangement the body of the type embraces 
every letter. In many books, and in most news- 
papers, the lines of type are set close together, 
but if the upward and downward strokes of the 
letters projected, that would be impossible. The 
letter “ f,” projecting as it does to the side, 
where no space is allowed, cannot be brought 
into proximity to “ i,” “ f, ’ and “ 1.'’ For that 
reason “ ff,” “ fi,” “ ffi,” “ fl,” and “ ffl ” are 
cast separately, and used as one letter. 

The Fount. There are twenty-six letters in 
the English alphal)et ; but the language employs 
regularly 162 different letters or symbols, ex- 
clusive of fractional figures, and other signs not 
in common use. A complete set of these letters, 
in quantity sufficient for use, is called a fount of 
type. A fount of type may he small or large ; 
it may consist of a few only of each letter, or 
run up to thousands of even the most obscure 
signs. Here is a representative fount : 
(\4 Pitals-~A B C D E F G H IJ K L ]M N 0 P Q 
RSTUVWXYZ.E(E. 

Small Capitals— a bcdefghijklmnopq 

R S T IT V w X Y z 

Lower Case — a bcdefghijklmnopqrstu 
vwxyzseoefiffflffiftl 
Figures— 12345 67 890 
PoiNT.S — — 

Accents — a e i o ii (diseresis) 
aeiou (acute) 
aei6u (grave) 
aeiou (circumflex) 
aeiou (long) 

H e 1 o u (short) 

9 (cedilla) 
n (Spanish) 

Symbols— & £ / 8 % ^ Tb. 

Reference Marks — * t + § IM - 

These are sufficient to carry through books 
of a literary and general character, most news- 
pai>er work, and jobbing. 

Special Signs and Spaces. There are, 
however, many other signs, symbols, or letters, 
used in scientific, mathematical, and other 
technical books, which are not included in the 
ordinary fount. In most well-equipped offices 
special cases are provided for fractions, index 
figures, and letters for chemical and algebraical 
formulap, and other special signs. 

To complete our fount we need spaces. 
These are classified in relation to the em,” 
which is the square of the depth of the type — 
Hair space, 1 eight to em ; thin, | five to em ; 
middling, J four to em ; thick, | three to em ; en 
quadrat, jf half of em ; ||||| em ; and two, three, 
and four-em quadrats : (HI HHH 


The Evolution of Type. The original 
intention of printing was to imitate writing. 
Therefore the first forms of type closely re- 
sembled the characters of the books written 
at the time when printing was invented. 
Caxton’s type was the “ black-letter ” used by 
the monks of Haarlem in copying out the Scrip- 
tures. But printing has developed a character 
of its own. The process of development is 
interesting, and from this table the stages of 
the evolution of type from ancient script to 
modem letters may be traced. 

Cftjfon (gJfacft feeffer. 

015) Cnqltsb — Used in Caxton’s time 

Uu&or — Used in the seventeenth century 

Old Face — Almost obsolete. 

Old Si} Ic— In general use to-day, 

Roman — Called Modem, in general use to-day. 

In book and newspaper work the types named 
“ Old Style”’ and “ Modem ” are used mostly ; 
but the trade is alway.s progressing, and new 
forms of letter are constantly being devised. 
There is practically no limit to the variations; 
only a typefounder’s catalogue can give an 
adequate idea of the immense varieties of fancy, 
display, and jobbing types. 

The indispensable adjunct of every fount of 
book and news type is the Italic fount. This is 
a sloping form of letter. Originally designed 
for mere emphasis of a word or phrase, italic 
affords a handy way of distinguishing foreign 
Mords, words used technically in a sense different 
from their oidinary meaning, sub-section headings, 
and other items in the text. 

Sizes of Founts. A fount of type ha.s l)een 
defined as a complete set of letters, sufficient 
for use, of one size, weight, and form of face. 
Founts vary in size. There are two ways 
of measuring the size — the one according to 
the number of “ a's ” or e's ” in the fount, 
and the other by weight. Fancy types arc 
usually measured by the fir^t method; and 
book, newspaper, and type of which large 
quantities of the same size are used, by the 
second. The printer generally trusts the type- 
founder to supply the proper proportions of each 
letter ; but in jobbing type especially, it is well 
that the workman should know^ how' to measure 
a email fount. Here is a rough rule : Aa is four- 
fifths of Ee, and is equal to the leading vowel--, 
consonants, periods, and commas, and double 
the minor letter^. By keeping this rule in mind, 
the compo.sitor wilf be saved from expecting 
to find tliree capital K’s in 4A20a fount, and 
so on. Large founts are supplied by weight, 
and carefully proportioned in letter according 
to the number of times each is used in ordinary 
B|)eech or writing. 

There are many sizet-. of type. On the bill- 
hoardings great letters, four or five feet in 
length, announce to the passer-by the name of 
a great singer or a new patent medicine, and 
in some books and publications the eyes of 
readers are strained by type so small as to 
be almost undecipherable. 
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The Old Standard Siae of Type. 

Between those extremes the sizes range in 
regular gradation. What may be described as 
the pivot or standard size is named “ pica.” 
The Pica was the Church Service Book, which 
was the staple product of the early printing 
trade. By simple transition, the t 3 rpe used be- 
came known as the pica type, and being the 
most common and familiar size, it became 
the ‘^tandard. Until the Point System came 
into use, pica was the universal standard of 
type-measurement. Breadth of lines, depth of 
pages, length of columns, every general magni- 
tude, was expressed in pica ems. As we shall 
see, this standard of measurement failed to 
satisfy the requirements of the trade. One very 
formidable discrepancy occurs in the type itself, 
some founders giving seventy-two ems to the 
foot, and others giving seventj^-one ems for the 
same length. 

The Old Styles of Types. The printing 
trade was not many years old before printers 
began to make different sizes of type. No 
standard regulated the original designs of letters ; 
artistic effect and convenience were the sole 
motives of those ancient type-makers. Sizes of 
type were not known by their relation to the 
standard ; and, indeed, they had no common 
measure, but were distinguished by arbitrary 
names. We give a table of the different sizes 
of type according to the old style, each name set 
in type from the class to which it belongs. 

. . half of Nonpareil 

Minion 

, . . „ Brevier 

. . , „ Bourgeois 

. , . „ Long Primer 

. . , ,5 Small Pica 

. . . Pica 


l‘carl 
Rub} 

Nonpareil • 
KiiieraM 
Nliniou . 
Brevier 
Bom’geois . 
Long Primer 
Small Pica 


Pica 


English 

Great Primer 
Paragon 

English 


Great Primer Paragon 

There are such types as two-line emerald, 
two-line brevier, and two-line small pica, but to 
tabulate them only helps confusion. The more 
sensible way is that adopted in stating the 
measure of large sizes — in terms of pica — two- 
line, three-line, four-line, and so on. 

The al>ove table is ragged enough, but when 
we remember that few typefounders have 
hitherto cast the type of the same name of the 
same size, the difficulty of finding a common 
measure for t 3 rpe seems almost insuperable. We 
have tested the long primer of five different 
typefounders, and they show a variation of from 
five and a half to three lines in the foot. 


The “Point System.** To-day, however, 
production must be rapid, cheap, regular, and 
in the highest sense mechanical. Standardisa- 
tion of the tools, instruments, and materials 
of the trade, therefore, is absolutely essential. 
American printers were the first to perceive 
such a need, and they invented and adopted 
what is now known as the “ Point System ” of 
measuring and standardising t 3 rpe. Taking the 
millimetre as the unit-point, and approximat- 
ing pica to twelve points, they proceeded to 
standardise all sizes of type. 

The standard is the twelve-point or pica size. 
Pica measures one -sixth of an inch ; therefore 
a point is one-twelfth of one-sixth of an inch. 
Tliis point is mathematically determined, and 
remains a constant quantity. Having secured a 
firm basis, we proceed. All type is standardised 
to a given number of points. The change is 
not so revolutionary as it looks ; the names 
and sizes are practically retained. The standard 
sizes between pica and nonpareil differ by one 
point. For example, pica is 12 points ; small 
pica, 11 ; long primer, 10 ; bourgeois, 9 ; brevier, 
8 ; minion, 7 ; nonpareil, 0. The sizes below differ 
by half a point : Ruby, 5J, and pearl, 5 points ; 
diamond, 4^, and gem 4 points. The system 
works out exactly. Gem is 4 points, and half 
of brevier, which is 8 points ; diamond is 
points, and half of bourgeois, 9 points ; pearl 
IS 5 points, and half of long primer, 10 points. 

How Type ia Measured. Having a 
common measure, the relations of all the sizes 
of type are discoverable by simple arithmetic. 
One line of pica equals three of gem or two 
of nonpareil ; two lines of pica equal three of 
brevier ; three lines of pica equal four of bour- 
geois. With the point scale, and, of course, 
type cast to that scale, the printer can solve 
readily and accurately problems of type measure- 
ment otherwise complex and difficult. 

The Point System not only standardises the 
depths of type, but it also regulates breadths. 
For instance, the young compositor tries to find 
out experimentally how many eras of long primer 
are contained in a line twenty ems of pica broad. 
He measures with a line of quadrats and finds 
that a hair space, or even a thin in addition 
to the 24 ems is needed. The Point System 
tells him at once that he is wrong ; 20 ems of 
pica equal 24 ems of long primer, and they 
ought to come exact. The advantage of this 
in setting tables, and all matter containing 
different sizes of type in the same breadth, is 
very great. 

Leads. All type is not set solid, with the 
lines close together. Spaces are put between 
the lines, and these spaces are technically named 
leads. Leads are strips of an inferior type-metal. 
They run in length from three ems upwards, 
and are standardised in thickness according 
to pica measurement. The thinnest leads are 
twelve-to-pica, and take that name. The leads 
most used are eight-to-pica, six-to-pica, and 
four-to-pica. Measured by the Point System, 
the leads are one-point (twelve-to-pica), two- 
point (six-to-pica), and three-point (four-to-pica). 


Continued 
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By Professor R. ELSEY SMITH 


"THE work of the external plumber, with which that 
* of the zinc worker and copper worker is usually 
included, consists principally in either laying the 
external coverings of roofs and other surfaces, or, 
where these surfaces are covered by slates or tiles, 
in protecting those parts of the roofs which are not 
completely protected by such covering ; such 
positions, for instance, as the junctions between 
one roof and another, or at the junction of a roof 
with walls, chimneys, skylights, or dormers where, 
without such protection, wet would probably ]>ene- 
tratc. The plumber also prepares and fixes lead 
])ipes, but this latter work will be considered with 
internal plumbing. We shall first describe plumbers’ 
work in relation to slate and tile roofs, and after- 
wards the complete covering of roofs and flats with 
sheets of metal. 

Materials* The material used by the 
plumber is load, east or milled [see Materials, 
])age 358]. The former is apt to be uneven in 
thickness, is liable to flaws, and should, if employed, 
be used in weights heavier than those described 
for milled lead. 

The great advantages of lead for roof work are 
(1) its absolute inifxjrmeability and extreme dura- 
bility, if proper precautions are taken to i)revent 
it being attacked oy the acid contained in oak, and 
from galvanic action, and (2) its extreme malleability, 
which allows of its being bossed or dressed so as to 
lie close over inegular surfaces. On the other hand, 
its high coefficient of expansion, its weight, and its 
want of elasticity, make it necessary when execut- 
ing lead work to take special ])recautions to allow 
considerable freedom for expansion and contraction 
due to changes of tem}x?rature. 

Load is described by its weight in jiounds ])er 
sujierficial foot, and the following weights are 
usually employed for roof work : 

41b. for soakers, and sometimes for cover flashings. 

5 lb. for flashings and aprons. 

0 lb. for covering ridges and hips, anc? some- 
times for valleys, gutters and small flats. 

7 lb. for valleys, gutters, and fiats. 

8 lb. to 10 lb. is occasionally used for flats 
exposed to traffic, and for soil pi])es. 

Plumbers* Tools for External WorK. 
Scales for weighing lead are required, and should te 
capable of dealing with weights up to about a ton. 
A cord of about ^ in. in diameter, rubbed with 
powdered chalk, is used for marking out lead ; this 
is strained tightly over the line to be marked, and 
then snapped by being raised at the centre and 
suddenly released, thereby marking a white line on 
the lead. A knife, with a handle about 3 ft. long, 
is used for cutting up lead ; a cord is passed through 
the blade, ns it requires two men to use this 
knife [ 68 ). A sharp pocket-knife, with a large 
pointed blade, is also used by plumbers f69J. 

The plumber's hammer [61] has a head for driving 
nails, and the nose is brought to a thin edge, which is 
used for running between edges that are to be soldered. 
The gauge hook [60] and shave hook [62] are used for 
taking thin shavings from surfaces which are to be 
Boldered. For soldering work, a portable fire may 


be used. The plumber's devil [ 68 ], in general use 
for this purpose, is made in various sizes, and 
consists of a circular container of sheet- iron, ixjr- 
forated with holes and a grate below ; it stands on 
three legs and has at the top an arched bar on which 
to hang a melting pot. There are also various forms 
of plumbers’ stoves, which may be used in place of 
such a fire. The solder pot [64] is of cast iron, 
mounted on three short legs, and with a loop handle 
for carrying. Ladles [65] of various sizes for melting 
and carrying liquid lead or solder are required, and 
plumber^ irons [ 66 ] of various sizes are used. 

Copper bits or bolts or soldering irons are pieces 
of copjicr 8i)ecially shajied, fixed to an iron holder, 
which in turn has a wooden handle |67j. 

Dummies [ 68 ] are lumps of lead formed on the 
end of a straight or curved piece of iron and shaiied, 
and are used for taking dents out of pipes. 

The plumber's rasp [69] has one flat and one 
rounded side, and should be of medium cut. If 
coarse, it drags the lead ; if fine, it clogs. 

A straightedge is required for testing the trueness 
of edges shot for soldering, and is a piece of well- 
seasoned wood with the edge shot perfectly true. 

Mandrels [75] are used for making pipes on, and 
arc cylinders of soft wood of various lengths, 
slightly smaller in diameter than the pipe to lx? 
made, slightly tapered to allow of withdrawal ; for 
trumfiet-mouth wastes they are made three time.s 
as large at the top as at the bottom. 

Turn pirn [70] are conical pieces of wood, and 
should be of boxwood, and quite truly turned; they 
are used for enlarging the ends of pipes for forming 
junctions. 

Bobbins [76] are turned balls of boxwood, which 
are placed in pijx's that are to be bent. 

The bolt or pin\l\\ is a curved ])iece of wood used 
in forming openings for branch joints, and sometimes 
for bending. 

A mallet, of boxwood, is used for bossing lead. 

Dressers |71] are made in various forms, and arc 
used for dressing down lead ; they have a handle 
by which they are grasped. The step sdter [72] is 
similar, but in the underside has a groove, whic h 
fits over the lead in setting or bending the tojj of 
the steps in stej) flashings. 

In addition to the above implements there are 
certain materials required. With a tallow candle, 
lead surfaces that have lx*en shaved arc “ touched,” 
to keep them from tarnishing. 

Besin in block is used as a flux in soldering, 
and is carefully and evenly powdered : this is 
])laced in a resin box [73], which has a conical head, 
terminating with a single ai^erture, of not more than 
J in. diameter. 

Soil, or smudge, is composed of lampblack and 
chalk finely and evenly ground, and mixed with 
water or beer, as stiff as mortar, to which some 
melted glue is added and thoroughly incoiqioratcd 
till it is of the consistency of cream. It is kept in 
a copper jxit, and is used for painting on parts of 
lead to which solder is not required to adhere. 

Chalk is used for rubbing on lead to remove all 
traces of grease before soldering. 
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is a mixture of lead and tin, with, in some 
cases, bismuth^ mercury, or cadmium mixed in 
varying proportions for different classes of work, 
<ind used to joii^ two surfaces of lead or other metal. 

The most usual solders are the following : 

Xaiiu* Lead Tin Meltinjr Point 

Coarse . . . . 480° F. 

Plumbers’ . . 440° F. 

Pine .... 370° F. 

For making hnrrU lead joints a special apparatus 
for generating hydrogen gas and mixing it with 
a pro))er proportion of atmospheric air is recpiired ; 
this is fitted with a flexible tube and a blowpiy)e. 

^aUs for firing leadwork are usually of copi^er, 
with large heads. For ordinary or open nailing 
they are used at intervals of 3 in. to 4 in. : for close 
nailing they are s|>aced not more than 1 in. ajmrt. 

Joints in lead flats and gutters may cx’cur across 
the fall or parallel to it. 

Joints Across the Fall. The simplest is 
a lapped joint [77]; this may be used when the 8lo|je 


and nailed with copper nails ; the lower end of the 
upper sheet is dressed down over the drip, and may 
be cut so as not quite to reach the bottom, or it 
may be dressed down for 2 in. or 3 in. on the fiat 
surface below the drip. 

Before the upper sheet is laid, tingles [79], which 
are strips of stout lead (71b. or 81b.), and about 1 J in. 
broad may be nailed to the upper level of the flat 
and dressed down over the drip, being made long 
enough to be turned up over the lower edge of the 
upj^er sheet when it is laid, a device which grips the 
edge of the sheet and helps to secure it in position. 

Joints Parallel to the Fall. Where 
several sheets of lead have to be laid side by side a 
special joint is required, to allow of expansion and 
contraction, as a soldered joint cannot be made. 

The joint universally used is a roll [80]; this may 
be made in two ways. The first is to .turn up 
the ends of both sheets side by side, one being 
slightly longer than the other and turned over it, 
and then to fold the two together into a roll. Lead 
tingles are required at intervals to hold down the 
sheets, and are included in the roll. The drawback 



exceeds 20°, and in making it the top edge of the 
sheet, after it is laid, is secured with copper nails, 
and the lower edge of the next sheet, when laid, 
covers it for about iS in. 

A wdied joint may also be used where there is a 
fairly good fall ; in this the lower sheet is copjjer- 
nail^ about 4 in. below its upper edge, the end 
turned up, the lower end of the upper sheet turned 
over it, and the whole then turned and dressed down 
to cover the nails ; or a strip of lead or copper may 
be nailed to the roof and folded into the welted 
joint instead of nailing the lower sheet [78 J. 

In ordinary horizontal gutters and flats, where 
the fall is usually about 1 J in. in 10 ft., or 4 deg., 
none of the joints describe above is satisfactory, 
and a drip must be used to make the joint. This 
is an abrupt change in the level of the roof, and 
such a drip is usually 2 in. in height [79J. 

The face of the drip may be vertical or an angle 
fillet, or a quarter round fillet may be introduced. 
The edge of the boarding at the top is rebated to a 
depth equal to the thickness of the sheets of lead in 
use, and for a width of 1 in. to 1 4 in. In making the 
lead joint the upper end of the lower sheet is 
dress^ up over the drip and down into the rebate. 


to thiij joint is that the roll, l>eing hollow, is liable to 
damage. The more usual form of roll re([uires a 
solid roll of wood to be nailed parallel to the side of 
the sheets, and this is usually of 2- in. diameter, and 
in section forms about three -fourths of a qirclc. 
The edge of one lead sheet is dressed into the 
hollow between the roll and the flat — care being 
taken not to crack it where it is bent —and bossed 
up over it and carried round about two-thirds of 
the roll and copper -nailed. The adjoining sheet 
is then dressed into the hollow on the other side of 
the roll, and over it, covering the edge of the first 
sheet. It may either be taken about two- thirds 
round the roll and stopj>ed, in which case lead tingles 
are required to clip the edge, or it maybe carried 
right round the roll, dressed into the hollow between 
it and the flat, and, for a short distance, on the 
flat. The latter method gives a better wip of 
the roll; but if water lies near the joint, there is 
some danger of it being drawn up between the two 
thicknesses of lead by capillary attraction. 

The distances between the rolls vary somewhat 
with circumstances, but when possible they are 
usually set out to allow of two sheets of lead being 
cut from the width of an ordinary market sheet, which 
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may meaaiire 7 ft 9 in. across ; allowing for the lap, 
this requires the rolls to be spaced at intervals not 
exceeding 2 ft. lOJ in. from centre to centre. 

The lower end of a roll has the lend bossed over 
it so ajS to encase the end completely, and if this 
end comes above a drip the leadwork is dressed down 
over the roll that occurs below the drip. If the 
roll forms the watershed of a gutter falling both 
wavs, the lead work is dressed up against the parapet 
wail or under the slates as the case may be. 

Soldered Joints. These cannot be much 
used in lead roofs owning to the undesirability of 
fixing the edges of adjoining sheets, but may be 
used in forming cesspools, in repairing work, and in 
making soil pipes. Solder is supplied in the form 
of long sticks which vary in form. A joint that is 
to l:>e soldered must have the edges, if they are butted, 
))erfectly ti*ue. They are rubbed with a little chalk to 
free them from grease, and then the surfaces are 
]>iiinted w'ith smudge ; aftei this is dry, the por- 
tions to which solder is intended to adhere are 
shaved with a gauge hook or shave hook. The 
work is held together by melting in bit* of solder 
at intervals while the edges are held fii'inly together ; 
the joint is then sprinkled with resin, and the solder 
laid in the seam with the help of a cop)>er bit. This is 
at first done roughly, and after again sprinkling a 
little resin the heated bit is passed smoothly and 
evenly along the whole length, so that the solder floats 
truly and evenly after k, makmg a firm, even band. 

LrCad Burnikig. j.<ead burning is not so 
commonly used as soldering, but makes an excel- 
lent joint; it may be used for welted or lapped 
joints, both horizontal and vertical. The surfaces 
must be shaved. Lead burning is specially ser- 
viceable in connection with chemical works, but 
makes excellent builders* work also. Solder is 
not employed, but a stick of lead is used and 
melted on to the joint by the blowpipe, already 
described, in a series of small drops or beads, each 
one covering partly the one below it. The 
jHOceas consists really in melting the edges to be 
united with the addition of some extra metal of the 
‘<ame kind, if necessary, so that they flow together 
and unite perfectly. The advantages of such joints 
.ire that, as the metal in the joint is the same as in 
the part.s united, the whole homogeneous and will 
resist uniformly chemical action and the effects of 
ex])ansion. 

LreadworK to Slate Roofs. No leadwork 
should be fixed in lengths longer than 10 ft., and 
where it is jKissible to arrange for 7 ft. lengths, it 
is better ; in most cases not more than two edges 
of a rectangular piece of lead should be fixed. 

Roofs, valleys, and gutters that are to l>e covered 
in lead must be projjerly prepared [see Carpentry], 
so that the surfaces are not flat but have a sufficient 
fall with all drips and rebates and rolls required, and 
it is important that the boarding should be laid 
in the direction of the fall of the roof, valley, or 
gutter, so that, in the event of the boards curling 
somewhat, any small ridges that are formed shall 
l>e parallel to, and not across, the flow of the water. 

Tliose parte of the leadwork of a slated or tiled 
roof which are to be covered by the slates or tiles 
must necessarily be laid before the slating or tiling 
is executed ; and such work includes all forms of 
gutters. Flashings, drips, and ridges and similar work 
are completed after the slating or tiling is finished. 

Parapet Guttera- Where the roof terminates 
behind a parapet, a gutter must be formed to 
carry off the water from it. The outlet must be at 
the lowest i>art of the gutter, which should have 
a width of at least 9 in. at this point, and, as the 
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level rises, the width of the gutter will increase 
to a greater or jess extent — depending upon the 
pitch of the roof — till the first drip occurs ; at this 
point a sudden increase in width takes place, thence 
again a gradual increase till another drip, and so on. 
It is therefore economical, wherever possible, to 
arrange the outlet near the centre of the gutter, so 
that it may fall in two directions. Tn the case of a 
long gutter more than one outlet is required, with 
falls from two directions to each of them [84J. 

The Ceaepool* The outlet itself usuall}' 
takes the form of a cesspool, which is a square 
wooden box, the minimum size being 9 in. square 
and 0 in. deep. The bottom is perforated for a lead 
pipe to form the outlet. This box is prepared by 
the carpenter, and when possible should be lined 
by a single piece of 7 or 8 lb. lead bossed out to 
the required shape ; or where this is impossible 
the seams must be soldered or burnt. The outlet 
pipe is of 7 or 8 lb. lead, or a drawn lead pi|>e may 
be used 3 in. in diameter or larger, and it often 
takes the form of a swan-neck. The lower end 
delivers into a rain-water head; the upper end is 
bossed out and soldered to the lining of the cess- 
j)ool. The upper part of the lead cesspool lining 
is dressed down into a rebate prepared for it in the 
gutter board, and close copper-nailed. 

Lining the Gutter. The leadwork of the 
gutter is cut from a broad sheet. The bottom or sole 
of the lowest length will be 9 in. wide at its narrowest 
point : it has one edge turned up 5 or 6 in. against 
the parapet: the other edge is turned up the slope 
for about 5 in., then over a tilting fillet and for 
a distance of 3 in. beyond this, where it is copper- 
nailed. If the cesspool occurs at the end of the 
gutter and the ])arapet is returned, the end must 
Ix' bo.sbed up so as to stand 5 in. up against 
the return wall. The sole is j^erforatea for the 
cesspool ; the edges are di'essed down over the 
sides of the cesspool, and a soldered joint may be 
made between the gutter and cesspool, otherwise, 
should the outlet ixcomc stopped, water might 
rise above the level of the top of the cessyiool and 
find its way under the leadwork of the gutter. 

Wherever possible a free outlet should ))e provided 
through the parapet wall at or near the lowest 
level of the gutter so as to provide against any tem- 
porary blocking; and in some cases, in place of 
any cesspool, an outlet may be formed in the wall, 
the lead being taken through and formed into a shoot 
to discharge direct into the rain-water head. Every 
cesspool should be provided with a eop})er or* 
galvanised iron wire dome, fitting over the outlet 
to keep back leaves and other obstructions. 

The upper edge of the first piece of lead in tlio 
gutter is carried up over the first drip as described. 
The next length of the gutter has the lower 
end bossed to fit over the drip, and the j>ortion 
that lies in the slope of the roof is not cut per- 
l>endicu]ar to the line of the gutter, but extends 
forwards. This insures that any water dropping 
off the slates near the joint shall easily run down 
the lead and not tend to be drawn in between the 
two thicknesses. This length will start with a 
width as wide as that of the finish of the previous 
strip and will increase in a ciorresponding manner. 

The upper end will be finished in the same way 
if there is another drip, but when the highest part 
of a gutter is reached, if the parapet wall is returned, 
the upper edge of the lean is tossed up to stand 
against the wall ; but if the gutter falls again from 
this point in the opposite direction a roll is used 
to separate the two slopes and the ends of the lead 
are dressed over it. 
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Cover Flashings. When the lead work of 
tlie gutter is in position the edge next tlie ])ara]>et 
stands up close to the wall. But as the other edge 
has been nailed under the slates this cannot be 
lixed, and to i^revent water getting behind it a 
cover flashing is employed [89]. This consists of a 
strip of lead about 6 ib. wide, of which a width 
of 1 in. is bent to form a right angle, and is inserted 
into the joint between two courses of bricks which 
has been raked out for the purpose, or, if the 
parapet be of stone, into a chase that has been cut 
for it termed a raglet. The lead is secured with 
lead wedges driven into the brick joint, which is 
afterwards pointed in cement, or into the raglet, 
which is afterwards run or lilled with molten lead, 
this being termed hurning-iu. This completely 
covers the top edge of the lead gutter, and any 
water running down the face of the parapet is 
discharged on to the sole of the gutter. 

A gutter between two parallel sloping roofs is 
formed in a similar manner, except that a tilting 
fillet must be provided for the lowest course of 
slates or tiles on e^h slo^; and as the width 
of such a gutter is ihci'eased at both edges it may 
l)ecome necessary, if the gutter is a long one and if the 
sole becomes very wide, to divide the width by a roll. 

Trough Gutters. It is, however, often pos- 
sible in such positions, if the rafters of the two 


roofs are carried on pole ])latcrf. to use a ijarallel- 
sided or trough gutter [851. This differs from the one 
already described in having the upper edge of the 
gutter at a uniform level below the eaves, but 
the bottom is formed with the necessary blope.s 
and drips, entirely contained in the depth of the 
gutter between its vertical .side‘<. 

A valley gutter formed where two sloping roofs 
intersect [ 88 ] has always a fairly rapid fall, and can 
be constructed without drip^. Such a valley kn 
j)repared for by nailing two tilting fillets one on 
each roof, parallel to the angle between them and 
at least 6 in. from the angle. 

The lead is cut into parallel -hided strips long 
enough to allow of its being dressed down into 
the valley over each tilting fillet and to extend 
beyond it for about 3 in. to 4 in. on the roof, where 
the edges are copper-nailed. Lapped joints arc 
used, and at the top of the roof the valley pieces 
are brought up on each side of the ridge and a 
saddle piece used, covering the ridge and dressed 
down to cover the upper part of both valley.s. 
l.(ead valley gutters are made at least 8 in. wide, 
so as to allow workmen to walk on them when roof 
repairs have to be executed. 

L»eadworK to Hips. Secret hip gutters arc 
used when the slates are finished as dose cut 
without any external cover. Such a gutter is 
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prepared for like a valley, but the tilting fillets 
are placed only ii or 3 in. apart so as to allow of 
a narrow glitter between them [87]. The lead is 
dressed down into this over the fillets and copper- 
nailed to the roof boarding. The tilting nllets 
in both valleys and hips not only serve as an edge 
or margin to the valley, but raise the outer edge 
of the slates, throwing' back the water on to the 
slate sloiie rather than into the lead gutters. 

Ltad soakers may also be used to protect the 
hips. These must be specially shaped ; the length 
equals the length of the slate less the gauge, with 
an additional inch for turning over the top. The 
centre of the soaker lies over the hip, and the two 
wings lie on the back of the slate on each side, 
leaving the margin exposed. Such a soaker is 
used at every course, and effectively prevents 
w’ater from entering. 

Hips may also be protected by strips of lead 
wide enough to be dressed over a roll nailed above 
the hip rafter [ 86 ] and down over the slates on each 
side for a breadth of 6 in. to 8 in. Lead tingles 
are fixed to hold down the edges [ 86 ]. 

Ridges may be protected in a similar way by the 
use of a roll covered with lead and lead wings ; 
the lengths used should not exceed 7 ft., and the 
joints are lappeil. Where hips run up into a ridge, 
the junction is formed with a special capping 
))iece bossed over the ridge and down over both 
hips. 

Junctions Between Roofs and Walls. 

Where a roof abuts against a parapet, wall, or 
chimney, the best method of making tne joint is to 
use soakers, one to each .slate, which in this case are 
rectangular. One edge is turned up against the 
u^all for 3 in. to 4 in., the rest of the soaker lies on 
the slate, and may be turned over its head. The 
upturned ends aie firotected by a cover flashhig 
let into a raglet in stone walla, but in the case of 
brick walls, the upper edge is stepped — that ia, a 
series of triangular pieces are cut out to allow 
the load to be turned into every horizontal brick 
joint [88 and 89). The upjier edge of the lead is 
prepared with the help of a sU^p setter. 

Another method is to use a stepped flashing secured 
to the brick joints and dressed down on the top 
of the slates for a width of b in. to 8 in., and secured 
by tingles without any soakers [90] ; but if the edges 
are raised by the action of wind, wet may blow 
under this. Another method is to form a narrow 
gutter by stopping the slating 3 in. or 4 in. from 
the wall [91]. The side of the gutter may be formed 
by a tilting fillet or roll under the edge of the slates. 
This is best lined with lead nailed under the slates 
and turned up against the wall with a stepped 
cover flashing, but is sometimes formed with a 
single width of lead, the upjier end stepped and 
secured to the wall. 

LeadworR to a Chimney. Where a 
chimney stack occurs in a roof, the joint between it 
and the slates must be protected all round. This is 
done by an apron on the lower side of the slope [92 1. 
This apron is a strip of lead 12 in. wider than the 
width of the stack and deep enough to stand up 
against the brickwork for 5 in. or 0 in. — the top being 
turned into a brick joint — and to be dressed down 
over the slates for at least 6 in. The sides are formed 
with stepped flashings, or soakers and cover flash* 
ings [93], long enough to turn round the lower face 
of the chimney for about 2 in., t-he lower edge, where 
it is dressed over the apron, being cut away to a slope, 
and the edges of the Ashing are secured with 
tingles [ 94 ]. At the back of the chimney a narrow 
gutter is formed, the lead work at the ends being 
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dressed down over the slates, and turned round the 
angle of the chimney and covered with a flashing, 
which is also retiu'ned on each face [92-98]. 

A skylight or trap-door projecting above a roof 
is prot^ted in the same manner, but the lead is 
usually cut wide enough to cover the vertical sides of 
the skylight, and is very usually turned over the 
top of the kerb and close copper-nailed to it under 
the frame of the light. Where dormers project from 
slated and tiled roofs, if the vertical sides are slated 
or tiled, the junction between the roofs is made by 
means of soakers. Where a skylight kerb or window 
sill stands above a slated or tiled roof, a lead afiron 
is often employed to secure a watertight joint below 
the wood sill, and the lower edges of the apron may 
be ornamentally cut [fOl and 104J. 

The apex of a circular or pyramidal roof is also 
often protected by a lead capping, which may be 
drcRsea over the timber flnial and down iiyion the 
roof covering [165]. 

Lead^covered Roofs. For the mo.st part 
roofs wholly covered with lead are as nearly flat 
as possible. They are prepared by the carpenter, 
anci must be laid with a regular fall, as described 
for gutters, with drips at intervals of from 7 ft, to 
10 ft., and with rolls at every joint in the lead, 
which is parallel to the fall. The highest part of 
the flat has the lead turned up against the wall or 
parapet if one exists, and is covered by a cover 
flashing, or, if the flat falls in two directions, over a 
rollflCw]. The outermost sheets have also tiie outer 
edge turned up against the wall with a cover 
flashing, and if any chimney or skylight projects 
through the roof, the lead must be turned up all 
round. The lower edge of a flat generally delivers 
into a trough gutter lined with lead, and must be 
turned and dressed down over the edge. In some 
cases it may be necessary to make use of an iron 
gutter to carry off the water, and the lead must then 
be fixed so as not to be at any point in contact 
with the iron ; it should be dressed over. a fillet, so 
as to drip well into the gutter without touching 
the iron. Where the pitch of the roof exceeds 
20 deg., welted joints may l)e used in place of drips. 

If the edge of a flat is formed by a moulding, 
and in other situations where mouldings occur, 
the lead work may be dressed over them and into 
the hollows of the mouldings with the help of 
bossing mallets and dressers, care being taken not 
to crack the lead, and to keep the thickness of the 
sheet as nearly imiform as possible. 

Lead in Steep Roofs and Vertical 
Faces. Where surfaces are vertical or inclined as 
a steep angle, and have to be covered with lead, at 
in the case of spire and turret roofs, if the rolls are 
placed vertically, the outer edges of the sheets which 
are not fixed gradually creep — that is, they move 
down the roof owing to the weight of the sheets and 
the want of elasticity of the material, which does 
not regain its former position after expansion. In 
such roofs, therefore, the rolls are arranged diagon- 
ally on the roof, so as to reduce the strain on the lead 
sheets, and give a more direct support [108]. Where 
vertical surfaces, such as the sides of dormers, have 
to be covered with lead, the sheets are generally 
turned over the upper edge when possible, and 
close copper-nailed ; but additional supports are 
required to prevent the heavy sheets from tearing 
away. These may be afforded by soldered dots, and 
when such a dot is to be formed, the boarding is 
prepared by forming a cup-shaped sinking, and the 
lean is dressed into this and secured with a brass 
screw [100]. A ring of smudge is painted round 
the hollow, BO as to extend about 2 in. beyond the 
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dot, and the surface of the lead in the hollow is 
shaved, sprinkled with resin, and is filled in with 
melted solder^ poiued in from a ladle; this forms 
a solid dotj the faefe of which is flush with the outer 
face of the lead, thus forming a support for the 
leadwork, and covering the head of the screw. 
Another method sometimes adopted is to solder to 
the inner face of the lead sheet strips or tacks of 
stout lead, which are passed through slits formed 
in the boarding and nailed from inside [ 99 ]. A slight 
sinking must be formed in the outer face of the 
boarding to receive the end of the tack where it 
is soldered against the sheet. 

Lead for Horizontal Surfaces. Lead 
may be used for ]3rotecting horizontal surfaces 
exposed to the weather, such as the upper surfaces 
of wood sills, and of wood plates in half timber 
work. The upper edge is usually close copper- 
nailed and the leadwork dressed down over the 
surface to be protected. The upper surface of 
bric’k strings may be protected by a lead flashing, 
instead of by a cement weather fillet ; the top is 
turned into a brick joint, wedged and pointed, the 
lower part dressed over the brickwork, and is some- 
t imes arranged to form a drip. I'he upper surfaces 
of stone cornices and projecting mouldings may l)e 
])rotected in the same way, the lead being fixed in 
a raglet. Projecting stone porches are similarly 
treated; where the surfaces to be covered are 
extensive and the inclination considerable, welted 
joints may be formed and the lead secured to the 
stonework by means of soldered dots. 

Lead may also be cast into ornamental forms 
for certain purposes such as rainwater heads and 
the ornamental tacks often employed for securing 
lead pipes to wall surfaces; in such cases moulds 
must be prepared, into which the lead is poured in 
a molten condition. 

Zinc Work. For ordinary purposes zinc 
[see page 359] is used as a substitute for lead 
in work of an inferior quality, and in much the 
same way as lead. It cannot be dressed and 
))OsHpd as lead is, but good zinc can be bent 
readily without cracking. Its advantages are its 
lightness and cheapness compared with lead ; its 
drawbacks, the comparatively short time dining 
which it remains in good order, and its liability 
to attack by air containing acid, by soot, and 
by the urine of cats. Its expansion and contraction 
exceed that of lead, and it must not be laid in 
contact with iron, copper, or lead, or with wood 
containing acids. The zinc itself should I)e free 
from iron or it will not resist the attacks of the 
air. There is a sj>ecial gauge for zinc, and the 
following are the weights generally in use : 


No. of 

Weight per foot 

No. o( 

Weight per foot 

i?auge. 

super, in ozs. 

gauge. 

super, in ozs. 

10 

Hi 

14 


11 

13} 

15 

2lt 

12 

15 

16 

24? 

13 

17 

18 

302 


The gauges 10 to 12 should be used only for very 
cheap or temporary work ; 13 is the lightest that 
should be us^ for reasonably good w'ork in flats, 
etc., and this should be employ^ only where economy 
is an important point; 14 to 16 are the proper 
weights for flashings, flats, gutters, etc., and 
nothing less should be used for the latter. Soakers, 
flashings, and cover flashings, both stepped and 
plain, are formed similarly to tho.se of lead, but 
the lower edge of cover flashings, drips, etc.. 


have a small bead formed on the edge, and should 
Ije turned into the joint or raglet for in. Zinc 
is u.sually rolled in sheets, 7 ft. or 8 ft. long, but can 
be specially rolled up to 10 ft. long. The modem 
system of fixing zinc work in roofs without the use 
of solder or any perforations in the external sheets 
was introduced by Messrs. Braby & Co., who are 
the agents for the Vieille Montagne zinc, which is 
very free from iron. The fall in a flat to be covered 
by zinc should be 2 in. in 8 ft., and the drips are 
formed at intervals of 7 ft. 6 in. as a rule, and 
should be at least 2J in. deep. Wood rolls are usu- 
ally fixed 2 ft. 11 in. from centre to centre, and arc 
not round, but IJ in. high and diminished from 
1 2 in. at the base to in. at top [96 j. The sheets of 
zme arc turned up against the roll at each side and 
secured by zinc clips, which are strips H in. wide 
fixed under the wood roll and turned up over the 
edges of the sheets, which are j)laced not more than 
3 it. apart. The lower edge of the sheet is turned 
down over the drip, the upper edge is turned up, 
a fold being foinied at the angles. 

The wood roll is covered by a zinc capping. The 
upper end of the capping is secured by folding it 
down behind the end of the roll, and then up so tbat 
it is covered by the lower end of the next roll above 
it, or, if against a ridge roll, is turned up under the 
cajjping of the ridge [ 96 ]. The lower end is folded 
over on itself and turned under the end of the roll, 
so that the whole capping is formed without solder, 
and js self fixing. Snould a joint be necessary in 
the length of a capping, as, for example, in a ridge, 
a special piece is used for making the joint, one end 
of which is folded back on itself [ 98 ] ; this special 
capping fits over the ordinary capping first laid, and 
is screwed through the top to the wood roll, and 
the end of the next piece of capping is then inserted 
under the fold, which securely holds it, and the 
new length entirely covers the heads of the screws. 

When the fall of a roof exceeds 1 ft. iii 8 ft., 
welted joints as described for lead may be used in 
place of drips. Moulded eaves gutters, if formed in 
zinc, require hollow zinc stays at intervals of 18 in., 
and may be fixed by means of long screw's driven 
through these stays W'ith or without clips fixed to 
the facia. Roofs may be covered with coppei' 
sheeting and capping on exactly the same principle. 

Copper for Roofing. Sheet copper is used 
for covering roofs in the same manner as zinc. 
For such work it is specially rolled in lengths of 
5 ft., 6 ft., 7 ft., and 8 ft. long by 3 ft. wide, and 
the drips and rolls must be set out to suit the 
sheets selected. 

The gauge used for copper is the Birmingham 
w'ire gauge, not the st)ecial zinc gauge which is used 
for zinc. 


The weights of eop])er sheet.s are a^ follows : 
B.W.O. No. 20 .. 26 oz. jKTft. 


20 .. 

2<) OZ. TKT ft 

22 

20 

24 . . 

16 

26 . . 

12 

28 .. 

H 


The gauges 22 to 20 are mostly used for flats, 
the details of which may conespond in all respects 
with zinc work. With a fairly good fall, welted 
joints may be made for both horizontal and vertical 
joints, ^or small turrets and domes, where the use 
of rolls w'ould be awkward, a sjjeiMtil ca]>ping may 


be used, the edges of the sheets l>cing turned up to 
form a hollow; the capping is sprung in and ke})t 


in position by the sheets. Copper after some cxfK)- 
suro becomes covered w'ith a protective film known 
as verdigris, which is of a l>eautiful green colour. 


Exteen AL Plumbing concluded; jollied by Joinery 
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Should be Handled. Making; and Sewing; in Head Lining;s 


By ANTOINETTE MEELBOOM 


espatra or buckram shape will need a non- 
transparent covering such as velvet, silk, or 
cloth, which is often put on plainly. In handling 
velvet, the way the shade runs ,8 an important 
matter. In ordinary velvet, the material should 
be arranged so that the darker effect is seen 
when looking from the front of the hat to the 
back. In panne or miroir velvets, the material A 
often ari'anged the reverse way. In cloth the nap 
should run smooth from the front to the back. 

Cutting Out the Material. Take the 
paper pattern that has been used for cutting out 
the shape. 

Place all the pieces on the velvet with the shade 
running in the same direction, and each centre- 
fi-ont to the cross of the material [80]. Pin each 
part with lilhkins, sticking them into the table 
to prevent marking the velvet. Cut out each 
j>art V ith J in. turnings. For the under brim place 
the velvet upper brimpile to pile on the velvet in 
the same i> 08 ition. Do not cut out the head of 
under brim, as it is best to fit it first. 

Notice carefully in the case of brims that are 
much larger on one side than the other, as those 
of the Gainsborough type, that the pattern is 
placed correctly for cutting. Allow more than 
the I m. turning for under side, as the brim turns 
up so much. This also applies to boat shapes. 

Mark the centre-front in all the pieces. If the 
brim has a jom at back, the velvet will also have a 
join, neatly slipstitched. When a piece is put in 
for making a very fluted brim, this will also be 
necessary m the velvet covering. Backstitch the 
joins, open out, and flatten the turnings. 

Putting On the Covering. We have now 
to learn how to fit the velvet to the brim 
Upper Brim. Place the upper brim on hat, 
and snick round headline till it fits. Be careful 
neither to cut too deeply — in which case the 
shape will show — ^nor insufficiently, thus pre- 
venting it lying flat round the headline. Pin in 
place with lillikins, smoothing aw'ay any creases 
very gently, but only along the straight threads. 
If stretched or smoothed out on the diagonal 
threads, it will not set flat. 

Large shapes must be tacked as well as pinned, 
to keep the velvet w'ell to the curves. Fine silk 
should be used for tjiis, and a long stitch taken 
outside, and a tiny one underneath. Back- 
stitch evenly round headline. 

Draw the turning over the edge, but on no 
account pull it tightly, or the shape will contract. 
Pm all round. Catch stitch to the second wire 
on under Vinm [82], unless the under brim has 
been mulled all over, when the velvet is catch- 
stitched to the mull. 

Out away the turnings so that the velvet nearly 
meets the second wire to prevent any unnecessary 
fulness. Hold the brim with a small piece of 
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velvet, pile dowm wards, in the left hand — the two 
piles facing each other prevents the brim from 
getting “ plushed.” Hold the brim very lightly, 
and prevent the edge getting plushed, or rubbw 
against the edge of a table or something similar. 

Under Brim. For the under brim, place the 
velvet with the snick marking centre-front on the 
centre-front of shape. Fit and pin it in position 
as before. For large shapes tack once between 
headline and edge with fine silk. Cut off super- 
fluous turnings to J in. With a fine needle turn 
in edge exactly even with the edge of brim. Pin 
with lillikins all round, about 1 in. apart. [81] 

Slipstitch the two edges, with strong silk or 
cotton, taking alternately one stitch in the edge 
of the upper brim velvet and one in the turning 
of the under one. Sit in a good light, and be 
careful not to stretch the velvet of the under 
brim. Draw the silk fairly tightly. It is an 
operation requring great care, as this part of the 
hat show's more than any other. 

Cut the headline with J in. turning, being 
careful not to snip beyond the actual headline, 
and stitch the turnings to headline of shape. 

There is another method used in the best class 
of work, which gives a better edge, and is more 
satisfactory when an under brim of different 
colour or material is required. 

Before covering the upper side of brim with 
velvet tack a piece of stiff French net, with the 
front on the cross, to the under brim. Tack it to 
the brim about half-way between headline and 
edge of shape. Cut it exactly even wdth edge, 
which must be wired with support wire, being 
careful not to contract the net. Mull the edge, 
and then cover the upper brim as explained. 

Cover the under brim vehet, velvet-hemming 
the velvet to the net. The velvet must not be 
pulled tightly. Then slipstitch round edges of brim. 

The point to remember in this method is to 
keep the net lining exactly the same size as the* 
upper brim. In the process of wiring it is 
likely, unless very carefully handled, that the net 
contracts or stretches. 

Sideband and Tip. Line the tip with sar- 
cenet. If not done at this stage, it will have to be 
gummed in. Cover tip with velvet, allowing 
J in. turning ; pin all round, smoothing it over 
shape across the straight threads only. Use long 
backstitch with strong cotton, and secure it 
below' the edge of the crown. Cut away closely 
any turnings and sew in head lining. 

Fit the sideband carefully, and cut away un- 
necessary turnings. With a needle turn in 
bottom and top quite even with edge of crown, 
placing the join where the trimnring is likely to 
cover it, always keeping centre-front to centre- 
front of shape and dark shade running up [81]. 
Backstitch one end of sideband, turn in the other 
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end, and slipstitch it down. A sideband of silk 
will require an interlining of muslin, and thick 
velvets are also better for interlining in the centre. 

The inner edge of standing-up brims like 
toreador, turban, and similar shapes needs 
careful handling. Keep it smoothly to the shape, 
and see that the join is neatly done. Secure 
the top edge to the under brim edge by a catch- 
stitch. The outer edge is slipstitched last of all, 
keeping the edges even with the shape. The band 
of croBsway velvet is joined, slipped over the edge, 
and turned in top and bottom with a needle. 

Tam-o’-shanter and beefeater crowns are 
covered in one piece cut in a circle. The founda- 
tion is of net or leno, pleated to the sideband 
[74]. For covering, cut a larger round or a 
half-round, the other half left larger for standing 
up at left side. In soft material it should be 
interlined with fine leno. Gather or pleat the 
crown to top edge of sideband. 

Lining the under brim of a felt or straw hat 
plainly with velvet or silk is done in exactly the 
same way as the under brim of a velvet hat, the 
velvet being slipstitched just above the wire 
round edge. If a velvet hat is to be lined wth 
crossway folds of silk, tulle or chiffon, a lining of 
silk, leno, or soft net must be tacked to under 
brim to sew the folds to. 

A broad edge 2i in. to 3J in. wide of velvet 
on an under brim is made by fitting the velvet to 
the under brim, slipstitching the edges and cutting 
out the centre-piece, allowing for a turning to the 
inner edge. This edge will not have any join. 

Bonnet shapes are cut out, shaded, and covered 
in the same way as hat shapes. Very few shapes 
are plainly covered. For covering shapes the 
velvet or ^loth must be bought on Hie straight. 

Head Linings. All hats, bonnets, and 
toques have their head linings sewn in before being 
trimmed. As weight must be avoided, sarcenet 
silk is used — it may be cut on the cross or straight 
The former is the more economical, especially if 
a (|uantity is required ; three head linings may 
b<^ cut out of two crossway widths. Join the 
lengths first, hem, roll up, and use as required. 

Measure the depth of crown, and add 2 in., of 
which I in. is used for the hem, and j in. tor 
turning at the headline. When sewing in, allow 
1 in. longer in length than the size of the head 1 7 6]. 
Make a hem J in. wide of one cut edge, which 
should be run neatly [76]. It is called a hem 
though a running stitch is used, and must be kept 
quite straight and not stretched. 

For the tip, cut a piece of sarcenet the size and 
shape of the tip. Sew in with a few very small 
stitches outside, large ones inside. For smooth 
felts, leghorns, velvet and cloth -covered hats, the 
sarcenet tip is gummed in, to prevent the stitches 
showmg on the outside. 

Sewing in the Head Lining. Use 
strong cotton (No. 36), start from the centre- 
back, turn in the out edge J in., and J in, at the end. 
Take the stitch through the two thicknesses of 
sarcenet and through the sideband of hat. 
Sew in with the long back stitch, making the 
stitches not longer than J in., and keeping them 
just below the line of he^. Work from right to 
left. Turn in J in. at end, and slipstitch the two 
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ends together. Smooth felt hats and toques 
have only half the thickness of the felt taken up 
when sewing in the head lining, unless the trim- 
ming will cover the small stitches ; in that case, 
take them through, as it is stronger. 

Run a narrow China ribbon from the cent re - 
front in the hem, which will be drawn up after 
the hat is trimmed. It is left hanging to prevent 
the head lining being caught down in sewing 
on the trimmings. 

Bonnets. In bonnets |78], the tip is cut 
to shape ; in many cases, first sewn On tissue 
paper and sewn in the same way as for a hat, 
with this difference onl}^, that across the back it 
is turned in once and slip-stitched on the velvet 
bind for neatness. Start the head lining at one 
ear, turning in 1 in., and work round to the 
opposite side. Insert China ribbon in hem, 
leaving also a turning ; and, when the bonnet is 
trimmed, slipstitch the ends down the sides to 
meet at the back of the tip, securing ends of 
ribbon at the same time. Make a small slit in 
centre of hem, draw up ribbon, and tie in centre- 
front when bonnet is trimmed. Secure lining to 
the bonnet with a tie stitch in two places [79]. 

With smooth felt hats, toques, and bonnets 
with full or draped brims, the stitches are never 
taken right through, but only the top surface or 
inside of velvet is taken up. For very flat or 
peculiar shaped bonnets a piece of lining cut to 
shape is sewn in after the bonnet is trimmed. 

Transparent head linings for lace, chiffon, tulle 
hats, or bonnets, are made of double chiffon, net 
and lisse. Cut lining twice the depth of sideband 
plus 2 in. for turnings [77]. Fold it in half and run 
I in., from fold. Fold in half a sarcenet ribbon, 
the same colour as head lining, and \ in. wide. 
Place this ribbon in turning of head lining at the 
cut edges. Sew in as for sarcenet head lining, 
taking tl^p stitches through the centre of the 
ribbon and turning of chiffon. The stitches will 
be hidden when the ribbon is folded over. Run 
China ribbon in hem from centre-front [82 1. 

Continued 
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INTERSECTIONS OF CYLINDERS 

Cylinders Intersecting in various Axes. Union of Cylinder and Cone. 
Cylinder Intersecting a Polygon. Hemispherical Ends. Pipe Bends 


By JOSEPH 

Intersections of Cylinders. Two 

cylinders intersect in 90. We have to find their 
lines of intersection. Three views are required : 
elevation, plan, and end view. 

Divide the semi -circumference of the small 
cylinder, A [91], into any convenient number of 
equal paits 0, 1, 2, .3, 4, 5, 6, 7, 8. Through 
these draw vertical lines, Off, 16, 2c, 3d, 4c. 
(Va corresponds with the centre of the cylinder 
A. and 4e is tangent to its circumference. 

Draw also horizontals, to 90 ; 0 O', 1 1', 
2 2', 3 3', etc. In 92 set off distances as 
follows ; fff equal to o 6 in 91, gh equal to 6 c in 
91. hi equal to cd in 91. Through gf, 6, t draw^ 
horizontals cutting the curve of the larger 
cylinder Bin /,w,n. The 
centre line already cuts 
the curve in ik, and tlie 
periphery cuts it o. 

From k, If m, w, o now 
raise verticals to 90 in- 
tersecting the horizon- 
tals there ; k' already 
exists. The vertical 
line from / in 92 cuts 
the horizontal 1 1' in /' 
fW]; that from m cuts 
the horizMital k. 2' in 
m'f and so on. Then 
k'f m', n'f o' give the 
intersections of A with 
B imind a quarter of 
the circumfei-ence. 

Development of 
Cylinder. To obtain 
the development of the 
cylinder A corresponding with 
90 and 91, proceed as in 93, 

Draw' a^ line, 8 8 [93], equal 
in length to the circumference of 
the cylinder A, and divide it 
into as many equal parts as the 
circumference of A w'as divided 
in 91. 0, 1, 2, 3, etc. Through 
these* points draw lines perpen- 
dicular to 8 8. On these lines measure off in 
succession the lengths of the corresponding 
lines on A [90], Tliu®, if the joint is to be 
made in the plane of the paper, then the 
length o'k in 90 will be transferred to Ok' 
in 93, and also to 8k' 8k'. Then the lengths 
17' in 90 will be transferred to W W and 
7/', 11' in 93 ; and the length 2'm' in 90 to 
2m', 2m', and 6m', 6m' in 93, and so on. The 
points of intersection of the lengths taken on 
the verticals of A [90], four times repeated, will 
be the jioints through which the curved edge 
of A will be drawn to give its intersection with 
the cylinder B. 
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90-93. INTERSECTIONS OF 
CYLINDERS 


G. HORNER 

The points of intersection can also be obtained 
by the methods shown in previous diagrams, by 
projecting horizontal lines along from the 
points k'f I'f m'f n', o' in 98. 

Shape of Hole. The shape of the hole in 
the large cylinder B can be obtained as in 94 
and 96. • 

In 94, B is shown b<‘low, in plan, looking down 
|)erpenaicularly on the hole, and in half end 
elevation above. lirst draw tbs diameter ah 
of the cylinder A, and project the same to the 
view above, cutting its arc at a'6'. Divide the 
arc a'6' into any number of equal parts 1, 2, 3, 
4, 5, 6, 7, 6' and project |)erpendiculars thence 
to the lower diagram, cutting the diameter ah in 
1', 2', 3', etc., and the 
semicircle struck on ah 
in r, df e, /, etc. 

Next, in 96, which 
represents the plate for 
the cylinder B, draw a 
diametral line a6. Take 
the arc divisions from 
94, ff', 1. 2, 3, 4, 5, 6, 
7. 6' and set them off 
on the line ah [96] at 
ff, 1, 2, 3, 4, 5, 6, 7, 6. 
Clearly now, when th(‘ 
plate 95 is bent to the 
curvature of the cylin- 
der B, the plane length 
ah in 95 must be equal 
to the arc length a'6' 
in 94, provided the 
divisions taken are 
sufficiently numerous 
to eliminate the difference 
b(' tween taking chord and arc 
measurements, as previously in- 
sisted on. Actually, in a large 
boiler plate, to which this prob- 
lem frequently applies, the 
number of divisions taken might 
be three or four times as numer- 
ous as those given in these 
diagrams. The shape of the hole in the plate in 
95 is now obtained from dimensions takm from 
the lower part of 94. Take the length 4'/ in 94, 
and set it off on each side of 4 in 96, 4/ 4/. 
Take 3'e, in 94, and set it off from 3 to r e, in 96 ; 
and so on imtil all the dimensions in 94 have jK^en 
transferred to 96. 

The lengths to right and left of the centre line. 
4'/, in 94 are symmetrical — that is, 3'e, and 
5'gr, etc., are alike. Though in some construi*- 
tions they would not be so, the same essential 
method must be pursued. In 96 the two curve.s 
lettered acdefghihf represent the elliptical hole 
in the plate, which when bent to the cylindrical 
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shape develops the circular hole of the same 
diameter as the cylinder A in 90-92. 

Cylinders Out of Centre. Domes 
or other cvlindrical branches are sometimes 
fitted to one side of the centre 
of the larger cylinder, as in 96. 
The same method in principle 
is adopted as when they are 
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94, 96. HOLES FOR INTERSECTIONS OF CYLINDERS 

fitted over the centre, to which the example just 
given is applicable. 

Divide the semi -circumference 08 of the plan 
al)ove 96 into any number of equal parts, at 
0, 1,2, 3, 4, 5, 6, 7, 8, and project perpendicular 
lines therefrom to the base of the dome, cutting 
its upper plane in O', 1', 2', etc., and the base 
in cf, 6, c, d, etc. 

In 97 draw a line AA equal in length to the 
circumference of the dome, and divide it into 
twice as many equal parts as the semi -circum- 
ference, O', 1', 2', 3', etc., to right and left of the 
centre. Fh:om these divisions draw lines 
perpendicular to AA. The riveted seam is 
supposed tc. come down the shorter side of the 
dome, 8'i in 96. Therefore, starting from the 
centre of 97, make the length O'o equal in length 
to O'a in 96, repeated on each side of O'a, Vh in 97, 
equal to Vh in 96, 2'^ in 97, equalt o 2'c in 96, and 
so on imtil 8'i is reached at each end, A curve 
drawn through those points, a, 6, c, f/, etc., v ill 
give the development of the curved (*dgc. Ihit 
the width for 
flanging will have 
to be added out- 
side that edge, 
and also the lap 
for riveting down 
both the edges 
Al 

Cylinders on Angular 
Faces. Cylinders are some- 
times fittea on sloping faces 
instead of on other cylindern. 

Figs. 98 and 99 illustrate the 
marking out of the envelope in such a case. 

Fig. 98 is the elevation and plan of the cylin- 
der. Half the latter is divided round con- 
veniently, 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, and 
vertical lines are drawm therefrom to the eleva- 
tion aboVe. These cut the horizontal end, ab 
of the latter in 1', 2', 3', etc., and the sloping joint 
face, cd, in e, /, gf, hy etc. 

To obtain the envelope [99] draw a horizontal, 
a'a', equal in length to the circumference of 
the cylinder, obtained either by calculation or 



by measuroment from the divisions 1, 2, 3, etc. 
on the base of the cylinder [98]. Draw' verticals 
from the points of division in W, as shown, a'c', 
Ic'. 2/', 3^', etc. Also draw horizontals from 
the intersections previously obtained on the 
sloping edge, cd thus : cc', ec'. //', gg\ and so on. 
The points in which the horizontals intersect 
the verticals arc points in the developed curve 
required, as, c', e', /', g', h'y to the 
centre d', and so in backward order, 
r, etc. The com- 
plete outline of the 
developed plate is 
therefore a'b\ a'c\ 
d'c'y and one half 
only of the plate need 
be marked thus up 
to the centre, h'd\ 
and the other half 
therefrom. But it is 
usually just as well 
to complete the en- 
tile plate in the 
maimer shown. 

If it should not 
be convenient to 
draw the develop- 
ment in its rela- 
tion to the cylin- 
der, as often 
happens 
in big 
work for 
hich a 
ihcce of 
2 )late is 
j) 1 ovided 
only just 
large 
enough to 
cut the 

development out of, then the horizontals cannot 
be drawn. Then, the verticals being drawn. 



96. cylinders out of centre 



97. development of cylinders out 
OF centre 


the lengths can 


out directly on these - 



development of cylinder on 

AN ANGULAR FACE 


ilius, from 98. T'ake the 
length ac [98] and mark 
that from o' to c' at the 
(‘xtreme ends of 99. 
Take I'e [98] and mark 
that from 1 to c' twice 
m 99. Take 2'/ and mark 
that from 2 to /' twice, 
and so on. This amounts 
to precisely the same as 
drawing the horizontals. 




i 






98. 

cylinder on an 
angular face 
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Jointing. lu 99 the seam or lap joint 
is supposed to be added next to a'c'. If re- 
quired at ft'd' then the pattern would, of 
course, be of the depth h'd' at the exti^me 
ends, and of the depth a'c' at the middle. 
This would make no difference whatever 
in the method of obtaining the points of inter- 
section. Or the joint might bo do\vn 5'i in 98, 
which, again, would alter the shape of the plate. 
If the object be a dome, as would often be the 
case, an allowance for the flange must be made 
along the curved edge c'dY. This is not made 
imiil the outlines have been marked out as showTi, 
after which the flange is simply an added width 
of, bay, 24 in. or 3 in., following the curve c'ti'c 
at a parallel distance. 

Cylinders Fitting at Equal Angles. 

Two equal tubes [100] are united at an angle. 
Wo require the development of the sheets to have 
the seam either along the inner or the outer 
edges. 

To obtain lines for development in 100, divide 
a semicircle into a convenient number of equal 
parts, say twelve, and draw' lines from these 
parallel with the sides of the cylinder and with 
each other, cutting the planes of the termina- 
tions of the cylinders at a, 6, a, h, and d. Also 
draw' a line, e/, anywhere transversely to the 
longitudinal lines of division. 

To obtain the development w'ith the seam, 
say along the inner edges db, dh, draw a line, 
// [101], equal in length to the circumference of 
the tubes, and divide it into twenty-four equal 
pails corresponding with those in 100, and 
similarly numbered. Let the datum line, //, 
present the line ef in 100, and from it on the 
points of equal division, 0, 1,2, 3, etc., set off 
the lengths of the several lines of division in 
100. l5as, take the distance ea [100] and 
transfer it from 0 to a' in 101 ; take the distance 
gV [100] and transfer it from 1 to T in 101, the 
distance //2' [100] to 2 2', 2 2' [101], and so on, 
until the points of intersection corresponding 
with the plane at) in 100 are all obtained. Then 
for the upper end measure off ee [100] and 
transfer to Oe' in 101 ; measure gg' in 100, and 
transfer to lg\ hj\ in 101, and so on, and draw 
the outlines, completing the sheet as showTi, 

Fig. 102 show's the sheet developed when the 
seam is on the outer edge ; the same measure- 
ments are taken, as the references show. 

An Ellipse Uniting Cylinder and 
Cone. Let us now examine the method 
adopted to connect a cylinder and a conic frus- 
tum with an elliptical fire-hole ring [103], The fire- 
hole is seen in elevation at A, and in sectional 
plan at B, the section being taken along the 
middle plane aa. If the ring had to connect tw o 
parallel cylinders the views A and B would be 
sufficient, but as the inner fire-box is of conic 
section the view C must be added. D represents 
the outer cylinder^ or shell, and E the fire-box. 
Very often the fire-box is dished outwards and 
connected with a parallel ring. 

Two sets of interoecting lines at right angles 
are necessary. * Divide the circumference of the 
ellipse A into any number of equal parts, 0, 1 , 2, 3, 
4, 5, etc, and project lines thence to B and C, 
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cutting the lines D and E. In B draw two lines, 
FF, GG, tangentially to the arcs to afford the 
means of measurement to be transferred to the 
view C — that is, the lengths in B measured from 
1', 2\ 3', 4', 5', on the tangential line to the curve 
D on the same divisions will be transferred to the 
view C from the edge D, and similarly from the 
edge E of the other cylinder. The curve of 
intersection may be drawn as shown, thougli 
that is not necessary. But the points in the 
view C are now to be used for the development 
of the plate, thus : 

In 104 draw a line, 00, equal in length to the 
circumference of the ellipse in A, and divide it 
similarly. In C draw a datum line hb. Now' 
measure off to right and left of bb the lengths to 
the divisions in C. As corresponding reference 
figures are used in C and in 104 the construction 
is obvious. 

A flange has to be added for riveting, or an 
edge for welding, but this does not affect the 
construction, but simply means an addition to 
the edge of 104. 

Cylinder Fitting to Hexagon. A large 
number of problems in sheet -metal working 
involve the attachment of objects of one form 
or size to those of another form or size — as 
squares to cylinders, cylinders to polygonal 
figures, small cylinders to large ones, and so on. 
There is not much difficulty in working out 
problems of these kinds after an example has 
been mastered. 

Fig 105 illustrates a cylinder fitting on a hexa- 
gonal body. To describe the envelope of the 
cylinder proceed thus : Divide the semi-circum- 
fercnce in the plan view below into any con- 
venient number of equal parts, 0, 1,2, 3, 4, 5, G, 
7, 8, and project perpendiculars to the elevation 
above, cutting the hexagon at O', 1', 2', etc., and 
the plane of the end of the cylinder AA at a, h, 
c, d, etc. 

Next, in 106, draw the line AA equal in length 
to the circumference of the cylinder, and divide 
it out into the same number of equal parts as 
the plan view in 105 (similarly figured), and draw' 
lines therefrom perpendicular to AA. Take th(‘ 
lengths of the perpendiculars in the elevation of 
105, and transfer them to 106, thus : The 
length aO' [105] is transferred to 8 8' in 106, the 
length 61' in 105 to 7 7' in 108, the length c2' 
in 105 to 6 6' in 108, and so on. Similarly, 
starting from the centre of 106, 00' is equal in 
length to oO' in 105, 1 1' [106] is equal to 61' in 
105, and so on, until the lengths 4 4' in the 
two dwpest parts of the pattern in 106 are equal 
to A4' in 105. 

Lines are now^ drawn through the points of 
intersection of the length with the verticals. 
There are, however, four locations not determined 
by these points — namely, c, e, e, e [106]. These 
correspond with the joints e, €, e, e in 105, where 
the cylinder coincides with the angular edges of 
the hexagon. They are therefore obtained by 
measuring the arc Oe or 8e, in 105, and setting it 
along from 8' to c from both ends of 106, and from 
0' to 66 in the central portion. If this be done 
correctly, then the distances 7'c and 1'6 in 106 
should be found equal to the distances le and It 
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in 105. The joint of the envelope has to be 
allowed for on the line aO'. 

Quadrant of a Hemisphere. Fig. 107 
shows the general construction involved in 
obtaining the development of portions of 
spherical surfaces, A representing a hemisphere in 
plan or end view, while 108 illustrates a plate 
giving one-fourth of its development. 

A quadrant, 06, of the sphere 107 is divided into 
a considerable number of equal parts, 
and a^'^'S are drawn from the centre 
line 6b The quadrant dbc is a plan 
view o\ he elevation oab, to the 
left, the envelope of which is 
required. In 108 draw a line 
od, representing the bisec 
tion of a quadrant od in 
107, and divide it into 
the same number of 
equal parts as the 
quadrant ah has 
been divided into. 

The length od 
in 108 will then 
equal the 
length ah mea- ^ ^ 

sured round . 

the arc ah. On 
the points of division 
1, 2, 3, 4, etc., in 108. 
the widths of the plate 
will be marked. It 
would be troublesome 
to calculate all these 
separately, and it 
would not do to take 
chord meas’uiements 
of any considerable 
length on the lines in 
107. But if, now, 
short chord lengths are 
stepped round the are 
from the point of bi- 
section d to h [107], as 
d, e, /, (7, h, i, j, then 
the dimension dj taken 
at once will be a suffi- 
ciently accurate ap- 
proximation to the are 
length db. A straight 
line drawn from j to 
the centre o [107] w'ill 
give corresponding 
lengths for the other 
arcs. 

Development. 

To 108, therefore, 
transfer the various 
lengths as shown, d to 
jj, 10 to kk, 9 to ll 
and so on. The intersections of these will give 
the edges of the plate on two sides. The other 
side is formed by a curve, the radius of which is 
arrived at by experience. Strictly, it should be 
struck from the centre o, with radius od ; but 
tjiough that wnuld do for thin sheet metal, it 
would not be correct for plates of |in. or iiii. 
thickness. The act of bending or dishing would 
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shorten these curves. 80 the radius is made 
one and a half times the length od. If a piece 
be cut away, as indicated by the curve 3/f, 
this would be struck from the centre 0, because 
the effect of dishing would be practically nil. 
A piece would be removed thus in building up 
globular buoys, or egg-end boilers, as this permits 
of making better jointing with a capping plate 
than as though the quadrant plates terminated at 
o. To the outlines in 108 the necessary 
amounts must be added all round for 
the overlap of riveted seams, from 
2 in. to 2^ in., according to the thick- 
ness of the plates. 

An Alternative Method. 
A variation on this is shown 
in the next problem [109, 
110], where a spherical end 
of diameter ah is built 
of six plates, one of 
which is indicated at 
, ocd. Divide a quad* 
rant of the (;ircle 
into a suitable 
number of parts, 
1, 2, 3, 4, 5, b. 
Fifcct perpendic- 
ulars frem the 
line oi) at 1', 2', 3', 4 
5', o. From centre o 
draw arcs from these 
intersections, cutting the 
plate cW in c, /, g, h, i. 

The developed plate 
is shown in 110, al)Ove. 
The length f/0' is equal 
to the length 06 in 109, 
w hich of course is 
measured round the arc 
a(). The equal divi- 
sions^^', f\g\ cor- 

respond with those in 
the low'er figure meas- 
ured round a, 1, 2, 3, 
etc., and the arcs cor- 
responding . are des- 
c ri bed from o. On these 
arcs the lengths of the 
ar(*s of the segment ocd 
1109] are laid off, e'er, 
/'//, etc., by measure- 
ment, or by the intersec- 
tions of perpendiculars 
raised from ocd to cut 
the arcs of equal divi- 
sion, and the outlines 
of the plate are drawn. 

BGDda. We now 
show the w’ay to strike 
the pattern for a quad- 
rant bond pipe in four pieces. Fig. Ill is a 
plan showing the quadrant in four sections, 
uniting two pieces of straight pipe at right 
angles. Draw the semicircle 1 7, of the 
same diameter as the pipe, and divide it into 
any number of equal parts, 1, 2, 3, 4, 5, 6, 7. 
Project lines from these divisions to the 
line lo at the beginning of the bend, and from 
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this line carry curves round, struck from the 
same centre as the bend, thus reproducing them 
on the horizontal line 9o at the base of 111. 
Bisect one cf the four divisions, 9 8, and draw 
the radial line lOo. Then draw a chord from 
9 to 8, and similarly connect each of the other 
points where the curves cut the radial lines 8o 
and 9o. Now cbaw the centre line 7 7 of the 
pattern fll2], and the transverse centre 8 9. 
VVith dividers set to the divisions that were first 
made round the semicircle 1 7 [112J, step off a 
similar number of divisions from the centre, 1 to 7 
at each end of 112, the numbers corresponding in 
both figures. Draw vertical lines through these 


that of the tinman and zinc- worker in the 
sensible thickness of the plates used. Thin 
sheets may, for the practical purposes of develop- 
ment, be regarded as though they were without 
thickness. That is, the methods of geometry 
applied to these treat them as having length and 
breadth, but no more thickness than a sheet of 
paper, which can be bent indifferently in all 
directions. But this assumption would not 
answer in iron and steel plates having thicknesses 
ranging from, say, ^ in. to 1 in. or more, or in 
the copper plates used for locomotive purposes, 
or for pipes and bends. In working these, the 
outer layers become extended, and the inner 



103. Kllip'ic uniting; boiler Mhfll and firebox. 104. Development of same. 105. Cylinder fittinji' to bexuHon 

106. Dcwlopiuent of same. 107. Hemispherical end. 108. Plates for same. 109, 110, An alternative method to lOS 
111. l)e\ elopinent for bend pipes. 112. Plates for same 


on which to mark the various widths of the 
j)attern. Then take the length of each of the 
chords in turn from 111, and transfer them to 112. 
The longest is from 8 to 9, occurring on the outer 
radius of 111, and in the centre of 112. The 
shortest is from 1 1 to 12 on the inner radius of 111 
and at the ends of 112. In 111, the line lOo 
serves as a centre line from w^hich to take half 
the length of each chord, and in 112 they are 
transferred to each side of the centre line 7 7. 
Through the series of intersections thus obtained 
on 112, the outline of the pattern is traced. 

Difference in Sheets Rnd Plates. 
The work of the boilermaker and plater, and 
that of the engineer’s coppersmith, differs from 


compressed, while the middle layers suffer 
neither tension nor compression. It is these 
inner layers, therefore, that the marker-out 
considers in drawing developments, disregarding 
the stresses and distortions for the time being, 
jast as he disregards the joint seams until the 
geometrical outlines have been determined. If 
his experience tells him that these extensions 
and compressions will influence the final shajx^ 
so far as to distort the object, he has to make 
allowance for them. Such an effect is termed 
drawimj^ and it occurs when some kinds of work 
are flanged or dished. How much to allow in any 
case can only be determined by previous experi- 
ence of similar work of a similar class. 


Continued 
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Proposition 33. Problem 


To construct a triangle equal in area to a gimi 
polygon. 

Let ABCD be any quadrilateral. Join DB. 
Tliiuiigli C draw CE || to DB, meeting AB at 
^ E. Join DE. Then 

AADE will be equal 
in area to the figure 
ABOD. 

Ft oof . The As 
DBC and DBE are 
on the same base DB 



and between the same [|s DB, CE. 

. . adbc= ADBE. 

To each add AADB. 

Then, figure ABCD = A ADE. 

By the same construction, any polygon can be 
reduced to a polygon equal in area but having 
the number of its sides one less than the 
original number. Hence, by repeating the 
process as often as is necessary, we finally 
obtain a triangle equal in area to the original 
I)olygon. 


Proposition 34. The Theorem of 
Pythagoras 

The sum ./ the squares on iho sides of a right- 
angled tiiangle is equal to the square on the 
hypotenuse. 

Let ABC be a right-angled A in which C is 
the right L. It is required to prove that 

Square on AB = square on AC + square on BC. 

On AC and BC describe the squares ACDE 
and BCFG. Produce CP to K, making FK 
= AC. CutofFBH = AC. Join HG, GK, KE, 
EH. 

Froof. The As 
DEH, HBG, GFK, 
EAK are each easily 
seen to be equal in 
all respects to A ABC 
(Pi op. 4). 

EH = HG=:GK 
=KE 

/. figure EHGK is 
a CJ with all its sides 
eipial. (Exercises on 
Fnqi.U.) 

Again, if the AGBH turns about the point G 
until GB coincides with GF, the AGBH will 
coincide ‘with the A GFK, and will have turned 
tlirough one right L . 

Hence GH and GK are at right l s. 

since OEHGK has its sides equal, and its 
Z-S right angles, it is the square on EH, i.e.^ 
the square on AB. 

Now, it has been shown that 

AEAK-f AFKG= AEDH-h AHBG. 



K 


To each of these equals add the polygon 
EHGFA. 

Then square EHGK= the sejuares ACDE, 
BCFG, t.e., square on AB = square on AO 
•f square on BC. 

Proposition 35. Theorem 

If the sum of the squares on two sides of a 
triangle is equal to the square on the third side, 
the angle contained by the two sides is a right 
angle. 

Let ABO be a A , such that ‘ is. 

Square on AB = square on j I 

AC + square on BC. I 

It is required to prove that 
L BCA is a right L. ^ ^ 

Proof. Draw AD ± to AC, and equal to BC. 
Join CD. Then, since AD = BC 

the squares on AD, AC = squares on BC, AC. 
But, squares on AD< AC — square on CD 

(Prop. 3-#), 

and, squares on BC, AC = square on AB 

(Hyp.). 

square on CD = square on AB. 

CD - AB 

Hence, the A« ABC, ADC liave the sides of 
tlie one equal to the sides of the other. 

As are equal (Prop. 7). 

lBCA= ^DAC=aright l . 

CIRCLES 

Definitions. Wo have already, on page 
4208, given definitions of a circle, its circum- 
ference, centre, radius, and diameter ; an arc, and 
a semicircle. 

A choid of a circle is a straight line joining 
any two points on the circumference. 

A segment of a circle is the figure bounded by 
a chord and one of the arcs into which it 
divides the circumference. 

An angle in a segment is an angle formed by 
two straight lines drawn from any point in the 
arc of the segment to the ends of the arc- 

Proposition 36. Theorem 

The straight line which joins the centre of a 
circle to the middle point of a chord is per- 
pendicular to the chord, 

Coneeisely, the straight line 
dtaam from the centre perpen- 
dicular to a chord bisects the 
chord. 

Let ABC be 0 whose centre 
is O, and let AB be any 
chord. 

(i.) First, let the straight line CD be drawn 
from 0 to D, the middle point of AB. 

It is required to prove that OD is _L to AB. 

Proof, Join OA, OB. In the As ADO, BDO, 
AD=BD (Hyp.), 
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i )D is common, 

( )A — OB, since they are radii. 

- ODA = .. ODB (Prop, 7). 
each is a rigid (Def. 8), 
i,r , OD is J_ to AB. 

(ii.) Again, let OD be drawn JL to AB. It is 
ro(juired to prove that OD bisects AB. 

In the rl<jht-an(flp<i As ADO, BDO, 
Hypotenuse OA — Hypotenuse OB, 

OD is common. 

A ADO - A BDO (Prop. 20). 
/.AD-BD. 

Corollarit 1 . The stiaii/hf line tchich biaeefs a 
chord at riijhl anifles jHJiiscs through the centre. 

Corollary 2. A straight line cannot cut a 
circle at more than two points. For it has been 
jn'oved that if the straight line is cut by the © 
at A and B, and OD is drawn JL to AB, then 
AD — BD. Hence, if the © cut tlie straight 
line at a third point E, DE would also be eijual 
to DB. which is impossible. 

Proposition 37. Theorem 

Equal chords of a ciicle are equidistant from 
the c*ntn. <^o\rcrsely. chords u'hich are equi- 
distant from the centre are equal. 

Let AB, CD be chords of a © 
whose centre is O. Draw OM, 
Oy J_ t<> the chords. 

(i). First, let AB - CD. 

It is required to prove that AB 
and CD are etjuidistant from O, 
i.e , OM - ON. 

Join ( )A, OC. Since OM is ± to AB, 
OM bisects AB (Prop. 36). 

Similarly, OX bisects CD. 

But AB - CD {Hyp.). 

the halves of tliese lines are equal, 
i r., AM - CN. 

Then, in tlie right-angled A^^ O.AM, 0(^N, 
Hyp<jtenu.se OA — Hy})otenusc OC, 
and .side AM = side CX. 

As are espial {/h'op 20). 

OM - OX. 

(li.) Again, let OM — OX. It is required to 
[)i()ve that AB — (T). 

As before, it can be ju^oved tliat AM and ('N 
are tlie halves of AB and CD respectively. 

Also, in the right-angled As OAM, 0(^X, 
H}qx>tenu.se OA — Hypotenu.se OC 
and OM - ON. 

.*. As file eipial. 

AM - CN. 

their doubles are eiiual, i.e., AB — CD. 
Proposition 38. Theorem 

Of any /?ro chords of a circle, the one which is 
Hearer to the centie is greater than the one more 
I emote, ('onceisely, the chord ivhich is greater is 
nt'Oter to ^he centre than the le.Hs. 

Let AB, (JD be chords of a © wliose centre is 
O. Draw OM, ON _L to the chords. 

(i.) Let OM be < ON. It is 
required to prove that 
AB is > CD. 

Proof. Join OA, OC. Then, 
as in Prop. 37, it can be slujwn 
that M and N are the middle 
{>oints of AB and CD. 



Now, since _ AMO is a right L 
Sejuare on AM + square on MO 

— square on AO {Prop. 34) 

— square on CO 

— - square on CN + square on NO {Prop. 34). 
But, square on MO is < square on NO ( Hgp.). 

square on AM is > sc^uare on CN, 
i.e., AM is > CN. 

AB is > CD. 

(ii.) Let AB be > CD. It is reijuired to prove 
that OM is < ON. 

As before, we have 

Square on AM -f- square on MO — .square on 
CN + square on NO 

But AM > CN, since they are the lialves of 
AB and CD. 

square on MO is < sijuare on NO, 
i.e., MO is < NO. 

Corollary. The greatest ehord of a circle is the 
diameter. For, its distance from the centre is 
le‘*s than that of any other chord. 


Proposition 39. Theorem 


The angle at the centre of a circle is donhle of 
the angle at the cirrninfei ence, .<ifanding on the 
.same ate. 

Let ABC- be a 
whose centre is <j. 

Let AOB be the 
angle at the centre 
and AC'B an angle 
at the ©^^ which 
stand on the same 
arc AB. 



It is re(juired to prove that » AOB is double 
of .lACB. 

Proof. Let CO cut tlie © ‘ again at D. 

Then, .since OA = OC, 

^OAC - lOCA (Plop. 5). 

• ^OAO 1- l.()CA- tuiee ^OCA. 

But - ()A(^ + _ DC A - .. DOA (Prop. 14). 

.lDO.\-= twice _ OCA. 
Similarly, L DOB — twice _ OCB. 

Adding these results in Fig. 1, and taking 
their ditierence in Fig. 2, wc gel 

L AOB — twice _ At 'B. 


Note. The proposition is true wliether the 
arc AB be greater than, t*qual to, or Iti'^s than 
half tlie O'^’. 

If the are AB Is greater than half the O'** tlie 
Z. AOB is lejiej', i.e,, greater than two right Lh. 
Hence tlie L ACB is greater tlian one right z. . 

If the arc AB is equal to half the Q“‘, AB is 
a diameter, and tlie Z- AOB = two riglit ^s. 
Hence the L ACB is — a right _ . 

If the arc AB is le.ss than half the ©'% the 
Z- AOB is less than hco right Z.s. Hence the 
z. ACB is less than one right _ . 

We have, therefore, tlie following important 
corollaries. 


Corollary 1. The angle in a .semicircle is a 
right angle. 

Corollarg 2. The angle in a segment less than 
a semicircle is obtuse, and the angle in a segment 
greater than a semicircle is acute. 


Continued 
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INDIA-RUBBER is derived from the laticiferous 
* juices of certain tropical and sub-tropical 
plants. The honour of making this product 
known, and of tracing its real origin, belongs 
to two Frenchmen, Charles de la Condamine, a 
scientist, and Fresneau, an engineer. La Conda- 
mine WHS sent by the Paris Academy, in 1731, 
on a scientific expedition to the equator ; whilst 
in Peru and Brazil he, in 1736, sent to the 
Academy some rolls of a blackish, resinous mass, 
known under the name of caoutcfiovc. He reported 
that “ in the forests in the province of Esmeraldas 
grows a tree called Ileve by the natives ; when 
the bark is sliglitly cut a white, milk-like fluid 
runs out, which hardens in the open air and 

b(‘comcs black In the province Quito 

linen mati'iial is covered with this resin and is 
then used like oil cloth. The same tree grows on 
tlie banks of the Amazon River and the Mainas call 
the resinous fluid ‘ cahuchu.’ They make shoes of 
it, which are waterproof, and when smoked have the 
appearance* of leather; they also cover moulds 
made from earth and sha|H‘d like bo‘"tles with 
the material, and when the resin is dry the mouhl 
is broken uj) and removed through the neck, and 
thus an unbreakable bottle, useful for preserving 
all kinds of liquids is obtained.” 

Tile French botanist, Fuset-Aublet. described 
the c.ioutchouc tree in his work on the flora of 
(ruiana, in J72H, and gave it the name of Hevea 
fjiofanoisirs. The Urceola elaMica was found by 
James Harrison, and in the forests of Brahmaputra, 
in Assam, Roxburgh discovered the Ficm elastica. 
Later, (^oftigny described a plant of the jasmine 
sjiecies, growing in Madagascar, and yielding a 
product not unlike caoutchouc. 

The Origin of India-rubber Erasers. 

Later, in the year 178(5, Herissnnt and Macquer 
succeeded in dissolving the resins in turpentine, 
j)ure ether, and Uijipers oil, suggesting at the 
same time that the gum solution should bo used 
for making medical ]»robcR and small tubes such 
as are used in laboratories. About this time 
Priestly drew attention to the use of caoutchouc, 
and recommended it foi* effacing pencil marks. 
Accordingly, small cubes were introduced foi 
this purpose, to which the name of “ india-rubber ” 
was applied, and this name has been retained to 
the present day. 

From 1780 to 1820 various chemists studied the 
material. Grossart made known the most con- 
venient way of making bottles, tulies, and other 
articles out of Brazilian caoutchouc by softening 
strips of suitable shaiie in ether, which were then 
rolled round a spindle, being finally bound up 
with rope; in drying the surfaces united, thus 
giving the article the desired shaj^e. 

Solutions of india-rubber w'ere tried by various 
investigators for rendering cloth waterproof but 
it was not until the year 1823 that Charles Macin- 
tosh, by dissolving caoutchouc in benzene, laid the 
foundation of the waterproof industry, which has 
taken the name of the inventor. There were many 
difficulties, however, still to be overcome ; the 


material was not easy to manipulate, dissolved 
but slowly, and did not readily take the desired 
shape. These imperfections were partially remed ied 
in 1836, when Thomas Hancock found that 
caoutchouc cut into small stri{)s and energetically 
kneaded under the influence of heat became 
inelastic but tough, and could then be pressed 
into any desired form. This ga\e a remarkable 
impetus to the industry. Its existence, however, 
wmuld still have been very precarious had it not 
been for an opportune invention Natural 
caoutchouc has the great defect of being extremely 
sensitive to changes of temperature. Under 
ordinary conditions it is very adhesive and sticky ; 
heat renders it pitchy, when it gives off an unpleasant 
(xlour ; cold, on the other hand, causes it to be- 
come hard, and to lose its elasticity. It can 
readily be imagined, therefore, that a waterproof 
garment which split and cracked in cold weather 
and became sticky and odoriferous under the action 
of the sun's rays could hardly be considered satis- 
factory. These disadvantages, therefore, at om* 
time quit(‘ imperilled the progress of the india- 
rubber industry. 

The Discovery of Vulcanisation. It 

was in the year 1839 that an American, Charles 
Goodyear, succeeded in solving the j>roblcm after 
ten years of energetic research. His process 
consisted of subjecting a mixture of caoutchouc 
and finely ])OW'dcred sulphur to a high temperature, 
the caoutcliouc being thereby rendered capable ot 
remaining elastic at both high and low tempera- 
tures. The term vnicarnsation W'as given to this 
process and caoutchouc thus treated is called 
vidranisid rubber. 

From the annoimccmcnt of this invention and 
during the next twenty 3 ^ears great strides were 
made in the ])roduction of rubber articles, fresh dis- 
coveries and imiirovements following quickly 
upon one another. Among these were : Hancock’s 
method of vulcanising in a sulphur bath, and the 
use of carbon bisulphide for dissolving caoutchouc, 
discovered by Parkes, who also patented the process 
of vulcanising hy immersion in a bath of chloride 
of suhihur, the so-called cold Vidcanisation. The 
use of alkaline sulphides was proposed by Gerard 
for vulcanising thin goods, and a further discovery 
by Goodyear resulted in the production of hard 
rubber goods, or ebonite, bv increasing the amount 
of sulphur before vulcanisation. Finally, Han- 
cock patented a process of moulding rubber goods 
wdiich formed the basis for the production of a 
great variety of objects. 

The regeneration of vulcanised rubber has yet 
to be ]>erk*cted, being still an unsolved problem, 
although of late 3 'cars great improvements have 
been made in this direction. 

The Plants that Yield Rubber. 

Rubber-yielding plants embrace a large number of 
trees, shrubs, lianas, and several kinds of grass, 
growing in the tropical countries. The juice- 
bearing vessels are situated in the interior rings of 
the bark and send numerous branch veins in an 
outward direction, which end near the surface : 
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more rarely they ]>enetrate inwardly to the pith. 
It is maintained that after the plant has readied 
a certain age the hydi-ocarbon which constitutes 
india-rubber ‘ is no longer necessary to its life; 
but the op]X)site view is also held by some, namely, 
that it affords nourishment to tlie plant. Upon an 
incision lieing made in the hark of a rubber-produc- 
ing plant a milky fluid flows out, which is called 
the Jaiex. By suitable treatment tlie microscopical 
globules sus[>ended in the fluid unite to form a 
more or less solivl substance, india-rubber, or, if 
the latex be allowed to stand, these globules rise 
to the surface, like the cream on milk. The 
latex from rubber trees is a slightly-coloured 
lirpiid having the density of cream ; it W'ill mix 
with water but not with na])htha or other solvents 
of india-rubber. Its sjiecific gravity varies from 
1*02 to 1*41, whilst tliat of caoutchouc lies between 
0*P3 and 1*03. The }>ercentage of pure rubber 
in a latex varies considerably ; the best, that 
from the Para tree in Brazil, contains 32 per 
cent., together with 12 jx^r cent, of albuminoid 
and mineral constituents, and 50 y^ev cent, of 
water. 

All plants yielding a milky juice do not contain 
rubber: there are a large number of such growing 
in tem]>erate climates — for instance, the nettle, 
poppy, lettuce, castor oil jdants, and fig-trees — 
which cannot be considered as rubber-yielding 
])lants. In fact, the rubber- producing zone may 
be said to consist of a belt 500 miles wide encireling 
the globe at the ecpiator. A moist, w'arm climate, 
that is to say of a tem^KTature of 80° to 105° F., 
and an average rainfall of about 80 inches jier 
aimum, are the general conditions necessary for 
the production of india-rubber plants of commercial 
value, and such juevail within this region. 

The Four Chief Orders of Rubber 
Plants. Rubber plants of various s]X‘eies are 
found in different })arts of this zone, but they 
belong chiefly to four botanical orders, the h'uphor- 
hiaccce, the Arfocarpecc, the Apocyuact^m and the 
AdcUpiadecp. Besides the nature and age of the 
plant, its surroundings, the soil, the season, and 
even the hour of collecting, affect (he quality and 
quantity of tlie latex. 'I’he follow^ing are the chief 
rublier-yielding plants and tlie districts in which 
they grow^ To take tlie lAipJiorbiotrfF first, the 
Heiea brasilivfifd^ \1\, a tree attaining a height of 
from 70 to 100 ft., and growing in Brazil, Para, 
and \'enezu(da, yields the purest and most esteemed 
commercial rubber, generally known as Para 
rublxr. This is not the tree originally discovered 
by I.*a Condainine and Fresneau, wdiicli only yields 
a ]X)or, resinous product. Then the Manifiot 
glaziowii of Ceara [21, w'hicli supplies a well-known 
brand of lubber known as “ (Icara scraps.” This 
tree grows on dry, stony soil, and woll stand a 
prolonged drought. The Hevea, on the other hand, 
requires a low'-lying well- watered ground. 

The two most important rubber yilants belonging 
to the UlnuKeoe (a kind of the Artocarpecp) are the 
('astUloa d antic a [3] and the Ficm dastica f4J, the 
former ranking foremost amongst the Mexican and 
C’ontral American rubber trees. The Ficun dantica 
abounds in Kastern Asia and Oceania, but is only 
fK-casiomilly met with in America and Africa. As 
a hothouse and ornamental plant, a variety of this 
sjiecies is w^(‘l] known in Europe, where it thrives 
as long as it is protected from the frost. The 
Artocarpun, or bread tree, also belongs to this order. 
It is found in Burma and Assam, and yields a viscous 
latex which is used by the natives for making bird- 
lime. The tree grows to a height of from 50 to 

5046 


70 ft., and its fruit constitutes a very nourishing 
food. 

The African Rubber Trees, The 

Older ol Apocynacem includes a large n\iml>er of 
rubl)er-yielding plants. 4'he Landolphias [6|, of 
which tliere are many varieties, are a species of this 
order, and are very good nibber-yielding lianas found 
throughout the tropics of Africa and Madagascar. 
The llnncornia, another member of the same family, 
is a lateseent slirub growing in certain parts of South 
America. It sup])lies a very excellent brand known 
as Mangabeira rubber. TIk' Kickxia, renamed 
Ftmtumia, is an African rubber tree, occurring 
on tlie wTst coast from Sierra Leone to the Congo 
State, and in the hinterland. It has only been 
recognised as a valuable rulffjei -yielding plant since 
181)4. It grows to a lieight of from 50 to 60 ft., 
W'ith a straight, circular trunk, and has tlie further 
advantage of being adaptabli* for transplantation. 
The Carpodlnm and (Tttn)idra are two creeping 
yilants also belonging to this order, and are indigenous 
to the Congo State. They yield root-rubber, so-called 
owing to its being procured from the main root 
branches. 

Rubber yilaiits belonging to the Andepiadece order 
are not of great importance, and do not call for any 
special mention. 

The vascular system of all rubber plants is not 
exactly tlic same. It is especially well developed 
in the Ficun syiecies. The age at which different 
rubber-yiroducing yilunts bear also varies greatly : 
thus, it is 15 or 20 years before the ffevea hrnndieufiin 
is ready to lie tajiped, while the Manihot and the 
Urceoht yield well at 10 years. The quantity of 
rubber in the latex fluctuates with certain conditions; 
if the soil be too damp and moist, it become,-, 
watery, while a dry season renders it richer, but 
more difficult to collect. It often reaches 40 jier 
cent., but 15 |>er cent, is regarded as the low’^est 
wi*rkable figure. 

There is no doubt that in certain districts the desire 
to obtain rubber at all costs has led to acts which 
can be described as nothing short of wanton w’aste. 
In the Congo State in particular the collection of 
rubber has lieen pursued w ith the utmost barbarism 
and rajiacity and disregard of future productiveness 
of the trees; it is ,to be that a more rational 

state of affairs W'ill be speedily introduced into tliis 
district, wliich is jirobably the richest caouUdioiic 
producing land in the world. Recent rejioits from 
8outh American rubber districts are on the whole 
satisfactory, the tendency being to more rational 
maTiagement of caoutchouc production, but the 
uncertain state of political affairs in many tSoiith 
American *Statos often renders the business pre- 
carious. 

How the Latex is Collected in South 
America. The eollection of the latex requiies 
care and ex])erii‘nce. There are two rccogni.scd 
methods by which it is obtained from the rubber 
trees. One by felling the trees, and the other by 
(ajipiiig — that is, making incisions in the bark. 
The former gives the larger yield at the time, but, as 
a general ])ractiee, is extremely wasteful, and is only 
|>erniis.sihle when the tree would in any case decay 
after the first lapping, and secondl}’^ when a virgin 
forest requires thinning out. The best method 
of tapping is that employed on the Amazon. Tlie 
seririguerio or caucJieroy as the (*ollector is called, 
stalls at dawn, his implements consisting of a 
small, short-handled axe, called a ruachado, a pail, 
and dri}) tins. The stems of the trees select<‘d 
for his oiX'rations having been carefully cleaned, 
and the ground round about swept, ho proceeds 
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to make about twelve incisions in every tree ; 
the cuts must be deep enough to allow the latex 
to flow, but not severe enough to damage the trees. 
Making vertical cuts, one below another, from a 
height that can be reached down to the ground is 
the simplest and easiest way, but some collectors 
prefer to make V-shaped or curved incisions. Careful 
tapping does not appear to hurt the Hevea tree, but 
if carelessly and irregularly cut, the yield of latex 
diminishes after the third year, and eventually 
ceases altogether. The seringuerio 
generally selects from 100 to 150 
trees, which he divides into 
three sections, upon one of 
which he operates each day. 

The best season for collecting 

in Brazil is from the end of 

August to the beginning of 

Januarj^ and about twenty 

tappings are made every year ; 

more would tend to impoverish 

the trees. A tin cup is fixed by 

means of clay under each in- ( r jUi 

cision to receive the latex, the 

quantity of which varies with 

the season, whether wet or dry, % 

and according to the age of the 

tree ; 150 trees tapped 20 times I 

a year are calculated to yield 

about 14 cwt. of crude rubber. HEVEA ; 

Having collected his rubber, he 

brinsH it to Manaos or Para, or disposes of it 

through an agent. 

Collecting in the Old World. English 
companies have of recent years started collecting 
in Brazil, but with what success is not yet evident. 
The above method of tapping, with slight variations, 
is in vogue throughout South America. The Central 
American rubber plant, Cast HI oa daslica [3], does 
not require such a large incision; in fact, instead of 
a cut a hole merely is made in the bark. A variety 
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adopted in Australia are to a certain extent similar 
to those of Asia, but unless the natives are supervised 
they cause needless destruction; for instance, a 
liana a foot or so thick will be cut into pieces, 
which are then held over vessels to receive the latex, 
the flow being accelerated by heating. It can 
easily be understood that indifferent tapping 
causes an admixture of sap with the latex, which is 
prejudicial to the quality of the rubber. This, there- 
fore, also points to the necessity of conducting the 
operation carefully, apart from 
the preservation of the tree. 
Special knives are now made 
for the purpose of tapping the 
various kinds of rubber trees. 

Preparing the Caout* 
chouc. Having collected the 
latex, the next operation is to 
separate the caoutchouc, which 
is effected by coagulation in 
many ways. For the prepara- 
Para rubber, on the 
Amazon, the tins containing the 
collected latex are emptied into 
L ^ vessel, or if the trees arc con- 

SK 5^ veniently situated, the entire 

PV fi collection is placed in a tank 

i until the coagulation process is 

^ ready to be carried out. A fire 

tASlLIEXsi^ having been lighted in a s[)ecially 

constructed oven, palm nut‘- 
are added to ]>roduce a thick smoke, on the lower 
Amazon, wdiile in other districts the smoke from a 
w^ood fire is considered sufficiently thick. Taking 
a long wooden form, or paddle, the caiichero 
dips the blade into a pail of latex, and then exposes 
it each side alternately to the smoke; the moisture 
in the latex is evaporated by the heat, and the first 
thin layer of rubber is formed; the w’ooden instru- 
ment is again dipped in the latex, and tlic process 
repeated until a suflici(‘ntly thick laj^r of caoutchouc 
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of methods are employed in Africa, and in many 
parts the natives have no hesitation in sacrificing 
the trees so long as they procure the rubber. In 
collecting caoutchouc from the Ficus species in 
Asia, care is exercised in making incisions to cut 
just down to the cambium layer, but not to penetrate 
the wood, so that the wounds heal as soon as possible. 
The best months for collecting in India are J^ebniary 
and March, and also in August, for although the 
quantity of latex obtained is not so large, it is very 
much richer during these months. Tlie methods 


is obtained. The thin coat is removed from the form 
by cutting it ofX*n with a knife, and in this way a 
workman can make from four to five pounds of 
rubber in an hour. The usual lumps, not unlike 
loaves, in which lower Amazon rubber comes on the 
market are termed biscuits^ which are still moist 
when removed from the forms, and have to be 
dried two or three days in the sun. Smoking in 
this manner is undoubtedly tedious, but taken in 
conjunction with the excellent quality of the latex, 
it produces the finest rubber in the world, known 
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as Para rubber. The action of the smoke is anti- 
septic, thus preventing fermentation and decom- 
position. Para rubber of a less tine quality, known 
08 Para grosm^ Para oUrcfitia, and negro heads^ are 
prepared from the residues of caoutchouc which 
adhere to the wounds. They are formed into flat 
balls, and these are dijqied into fresh latex and 
smoked. In outward ap})earance they resemble 
fine Para, but if cut open it is a])|)arent that the 
rubber is of less value, being dircy and incom- 
pletely coagulated. 

Coagulation by Boiling. Boiling the latex 
is another means of coagulation employed in Central 
America for the latex from Castilloa trees. The 
crude rubber collects on the top, and is then pressed. 
This method, however, is defective, as ])res8ing is 
not sufficient to remove all the moisture, so that 
the rubber is interspersed with bubbles filled with 
a thick, green fluid. Improved methods of coagula- 
ting this latex have been introduced in Mexico, sea 
salt being employed, since the rubber is much 
cleaner and nearly as elastic as that from Brazil. 
For coagulating the latex of the Funtiimia, the 
African rubber tree, the boiling process appears to 
be the most suitable, and entails but little labour. 
The latex is first mixed with water, then boiled, and 
afterw’ards thrown into a vessel containing cold 
water; the rubber, which has now' acquiied some 
consi>teucy, is pressed, and drawn out like a 
siuisage; it is then ut up, and dried in the shade. 
It is then ready to be shipj^ed. The root rubber 
of South Africa from the Carpodiinus am\ Clitandra 
species is obtained by a similar method. The 
roots are cut into pieces about eight inches long, 
and placed in the sun for five or six days; they are 
then immersed in.W'ater for ten days, beaten with 
sticks, and boiled in w'ater, finally being beaten 
again. Idle product, however, is of an inferior 
<jualjty. frequently containmg as much as 50 per 
cent, of foreign substances. Improved mechanical 
means are lx* mg tried for the purpo.s<^‘ of separating 
the rubber more {lerfectly. 

Coagulation by Natural Heat. A 

very ])rimitive w^ay of coagulating the latex by 
natural heat emjdoyed by certain East African 
tube'-, consists of merely taiqjing the trees and 
allowing the latex to flow on the ground, W'here its 
moistuie is quickly absorlxd by the hot, dry soil; 
needless to say, this rubber is largely contaminak‘d 
with vegetable and mineral imynirities, and the 
nitrogenous substances retained in the rubber 
render it soft, sticky, and odoriferous. Another 
curious method by which the natives of East Africa 
obkiin rubber consists of smearing the latex as it 
runs fiom the trees over their own bodies; when dry, 
it is ix'eled off and rolled into balls. 

Ceara Rubber, (kara rubber, obtained from 
the latex of the Manihoi glaziowii \2], is collected 
by the follow ui|f process, which is also employed 
m West Africa and India, The ground around the 
tree i.s cleared and covered with banana leaves. 
As the latex is much thicker than that of the Para 
rubber tree it flows out slowly, and in many cases 
< oaguIate8 before it reaches the ground. After 
drying on the trees for two or three days, it is 
removed and formed into balls. Ceara rubber 
is of good quality, but liable to fermentation unless 
stored in a cold, dry jilace ; that which is collected 
from the ground ofU*n contains impurities. When 
tapping Ficm tre^s in India, mats made of thin strips 
of bamboo are employed in a similar way for catching 
the latex. These are moved about on the ground 
by boys until quite covered over by the dripping 
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latex. After forty-eight hours a skin sufficiently tough 
to be pulled off is formed, and this is then dried. 
The latex that coagulates in the cuts is of a reddish 
brown colour, and after pieces of hart and the 
impurities have been removed, tlie dried rubber 
is pressed into cubes of a hundredweight each, which 
are wrapj)ed in white cloths for fransiiort. Crude 
rubber has recently been jdaoed on the market 
in the form of blocks, termed hloch rubber^ and in 
this convenient form if finds great favour. 

The latex of the Hancornia is coagulated in 
Bahia by adding an equal quantity of water, and, 
after allowing the mixture to stand, skimming 
off the upper layer consisting of raw' rubber, which 
is dried, and is then ready for sale. This method 
is also cmydoyed in some parts of Central America 
and Assam, though it is not to be recommended, 
since a certain quantity of uiuoagulated latex 
remains; the rubber itself, however, is of a good, 
strong quality. Another similar process is used 
by the natives of the Congo for coagulating the 
latex of the LnnMphias. The latex is conducted 
from the incision into a bottle, and mixed with four 
or five times its quantity of water: the caoutchouc 
rises to the top on standing, and the lower watery 
layer is run off from the bottom. The caoutchouc 
is then further coagulated, kneaded, and dried, 
but it is very liable to fermentation, as it contains 
too much water, and also nitrogenous matters. 

Coagulation by Chemical Agents. 

Various chemical reagents have been suggested 
from time to time. Strauss recommended the 
addition of a solution of alum, which brings 
about immediate coagulation, but it has the 
great defect of causing the rubber to syxedily lose 
its elasticity. Both sulphuric acid and salt also 
effect rapid coagulation, the antise])tic properties 
of the latter giving it an advantage over the acid, 
which it has accordingly superseded in some 
district’s. Chemical treatment is chiefly utilised 
in America and Africa. In addition to these 
reagents, soayisuds have been tried in Peru for 
coagulating the latex from the Hancornia. About 
half a pound of soap dissolved in two ])ails of water 
is sufficient for 05 lb. of latex ; the liquids arc 
thoroughly agitated together ; when coagulated, 
the rublier is removed in the form of a block. 

Alcohol also gives very good results in effecting 
coagulation, but is too expi'nsivc. 

Certain vegetable juices and infusions containing 
an organic arid are employed in Madagascar and 
parts of South America, but these offer no special 
advantages. 

Use of Machinery. Coagulation by machinery 
is now })ractised in India and Ceylon. The hitex 
is first freed from all impurities by passing it 
through a centrifugal strainer, and it is then run 
into a settling tank until a sufficiently large quantity 
has accumulated for further treatment. M^nwhile 
mechanical stirrers, with which the tanks are pro- 
vided, keep the latex thoroughly mixed with the 
preservatives ammonia and formalin; by this means 
it can be stored for several days. The latex is then 
passed tlirough the smoking machine, which is an 
arrangement whereby, in running over a series of 
plates, it is exposed to the influence of smoke from a 
fire made from wood steeped in creosote. Finally 
the latex is coagulated with acid, either in a 
special appliance or in ordinary settling tanks. 
Rubber prepared in this way is, of course, infinitely 
to be preferred to the frequently greatly contami- 
nated product resulting from native methods jn 
Africa and parts of America. 
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Cultivating Rubber Trees. By far the 

largest proportion of rubber produced at present is 
obtained from naturally grown trees. The cultivation 
of rubber-producing plants has, ho^vever, been 
vigorously taken up of late years, and large areas 
have been planted with rubber trees, e8i)eoially 
in India, Coylon, the Malay Peninsula, and the 
French Colonies. Small plants have been found to 
give very satisfactory results. Hevea plants, for 
instance, are grown in nurseries until about 20 in. 
high; they are then cut of! about 4 in. above the 
roots, and packed in a s]^oial way in cases. In 
this 8tat<‘ they have undergone a six weeks’ journey, 
and when planted out have only had .a mortality 
of 2 iier cent. 

Seeds of the TIeven hrasiliensis were obtained 
from the Amazon district some thirty years ago. 
These were propagated in 
Kew and the iilants dis- 
tributed to various bot- 
anical gardens in the 
Colonics. C<?ylon suc- 
ceeded best in the early 
cultivation, and as the 
transported plants grew 
and gave seed these were 
given out to planters. 

Ceara {Manihot glaziowii) 
and (\isiUlon dastka witc 
also planted, the former 
being the favourite. 

(hmlually, however, the 
claims of the Hevea wore 
recognised, and the pro- 
]>ortion of the other now 
existing or being planted 
is small. In 1H08 alone 
about 750 acres were 
])lanted in rubber in 
Ceylon. TIih grew to 2,500 
acres in 1901. At the pre- 
sent time it is estimated 
that ovei’ 100,000 acres 
ai*e ])lantcd in rubber. 

The Superiority 
of the Hevea. The 
^electi()n of the most 
suitable kind of tree 
naturally depends upon 
the district, but certain 
species have advant.igcs 
over others. The Fic(f<s 
dastira is slow in growing, 
but its evdtivation in 
success. 

The llivcn hra.sil{< nsis has been introduced mto 
tlic Malay State with eminently satisfactory 
u-ults, cliliMtic conditions being here as favourable 
for its growth as in its home in Brazil, and about 
90,000 a(‘res have already been planted with this 
tree. The Fuittinnia ihrttka ap]»ears to be the 
rubber ])lant that is most suited for African cultiva- 
tion, and in many districts it is to be ])referred to 
the Lnndolphia, although it is maintained that it 
does not ])roduce such good rpiality rubber. With 
the proi^er tnuHinent, howe\er. this could be 
imjiroved. Its cultivation offers few difficulties: 
tlie seedlings are planted 10 ft. to 17 ft. a])art after 
clearing the undergrowth, and need no further 
attention, which is very advantagetui'J. 


Given suitable soil and climate, the cultivation of 
the Hevea is simple. The seeds are either planted 
at stake — that is, planted in the spot to be occupied 
by the tree — or grown in nurseries, and then 
])lanted out. The number planted to the acre 
is 150 or upwards to 200. The tree requires good, 
deep soil, with plenty of water. It is generally con 
sidered that at least 80 in. ]>er annum, with no 
very long dry season is the minimum. After the seeds 
or plants are put out, c.ireful watch has to be 
kept that they are not destroyed by vermin or wild 
animals. The weeds are kept down — a somewhat 
exyiensive item — until the trees (about the third 
or fourth year) have grown large enough to check 
the undergrowth. Well -growing trees can be tapj^ed 
in the fifth year. It is e.stimated that on the 
average a six-year-old tree will give 4 lb. of dry 
rubber ; a seven-year-old, 
11b.; a ten - year - old, 

2 lb. to 3 lb. ; and a 
six teen -year- old, at least 
5 lb. The cost of clearing, 
planting, and tending 
rubber until it is six 
years old is estimated at 
£20 per acre in Ceylon. In 
these notes Ceylon is only 
taken as a typical inMance 
of what is going on in 
other tropical countries. 

Tapping. Ta^iping 
the rubber trees is con- 
ducted on the estates in 
a very regular manner. 
Care has to be taken 
that only the bark i'^ eut 
and the wood of the tree 
left untouched. Various 
knives have been invented 
to perform this duty. 
The princijvil iiudhod 
now eniploy(‘d is to 
make a ])relim inary cut, 
cither a sjiiral round the 
tree [6] or a less distance', 
or only a short, ol lique 
cut. the bark at the foot 
of this cut is trimmed 
away every second day 
or so, the latex collected 
in a cu}), mixed with 
latex from other trees, and 
then taken to the hictory. 
Here it is allowed to coagulate, until the soft, 
s])ongy mass of rubber can be lifted out. It is then 
washed by hand or })ut through a regul.ir wMshine; 
niachim*. It is then drk'd thorouglilvx Jkder- 
mined by the method which has been eiiqiluycd. 
this plantation rubber comes upon the markid m 
Cither bivscuits, sh(‘ct, creti*', or blo< k rubber, the 
latti'r being sheet, which has been dried in vacuum, 
and wdiile still hot and somewhat soft, piassi^l 
into a solid block. Such plantation rubber well 
prejiarcd brings about 8d. per lb. more than tine 
Para, since it is much })urer and drier. As 
rubber for manufacture, however, it has not 
commended itself to the makers, who consider it 
weaker than fine Para. [The drawings in this 
article are from “ Rubber, ( Jutta-])er( ha, and 
Palata,” by F. Clouth. Maclareu.] 



6 . TAPPING THE BUBBER TREE IN THE EAST 
(From a iihoto^irajih By K. Hoffmann, Ebq.) 
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HEALTH THE BEST HOUSE TO LIVE IN 

17 The Material of which a Healthy House is Made. Conditions of Perfect 

ContuMud from Sanitation. How Infection may be Averted. Isolation and Disinfection 

4i«4 


By Dr. A. T. SCHOFIELD 


A HEALTHY dwelling should stand on dry 
^ soil, should have light rooms, and be of 
cheerful aspect. There should be good ventila- 
tion, perfect drainage, abundant pure water, and 
dry foundation ; walls, roof, and the comers of 
the house should be to the points of the com- 
pass. The living-rooms should face south and 
west ; the working and breakfast rooms, stairs, 
and larders north and east ; the bed-rooms 
north-east [4], This gives the morning sun. 
and leaves them cool at night and in the day. 
All morning rooms should face east. 

Sick bed-rooms and nurseries should 
be south-east. 

Houses should not be back to 
back in close courts or alleys. Every 
house must have a space in the front 
and back at least equal to its owm 
height. In temperate climates, the 
distance between two opposite build- 
ings must l>e twice the height of the 
higher one. 

In an artisan's house of four 
rooms in tvso storeys, the bottom 
floor is 9 ft. high, the top 8 ft. The front room 
has 150 sq. ft., the back room (scullery) 75 ft., 
the front l)ed-room 80 ft., the others 50 ft.. 
\\ith fireplaces in all. 

For a healthy house, these conditions must 
be maintained : 

1. The site, free from offensive made soil, 
must l)e covered with concrete. 

2. The external walls thick enough to resist 
damp. 

3. An efficient damp-proof course in all 
internal and external walls. 

4. Weather-tight roof. 

5. Good light and ventilation in all rooms 
and passages. 

6. (iood, airtight sewerage. 

7. Pure water, well stored. 

Houses should not be too crowded ; 48 six- 
roomed cottages to the acre is enough, holding 
240 people. In model dwellings there are over 
1,000 to the acre. 

Basements. In basements the drainage 
must be good, and the sew^age not under the 
house. If built on an old brickfield, all pits and 
hollows near must be 

drained ; if on made . ^ 

earth, the soil should 

have stood for two years 6. rolled joints 

before being built upon. 

Basements must either have a concrete floor 
6 in. to 8 in. thick, or one of puddled clay ; if 
□either, then there should be 9 in. between 
earth and floor for ventilation, but this is the 
least desirable of the three. 

Notice the height of the subsoil water. There 
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must be no foul sewer near. If the foundation 
for the w^alls is not good, a foundation must bo 
put in for them, four times as broad as the walls. 

There must be free ventilation under the floors, 
and it should be noted that iron gratings are 
better than perforated bricks. Concrete is a 
good protection against damp. 

Houses are like sponges ; they suck up all the 
gases out of the ground. The water and gases in 
the earth move in currents. There is a record 
of an empty beef tin being carried seven miles 
underground by the subsoil water. 

Concrete serves as a floor. If wood 
is required, it need only be 3 in. above 
it. Wood-brick floors are best, or 
concrete for all basement rooms. 

Walls. Walls should have 
broad footings after the solid earth 
has been reached. A damp-proof 
course must be inserted. Inhere 
should be no earth against the wall. 
If there be any, the wall must be 
built hollow till above the earth, 
and two damp courses inserted 
there [5]. The moisture rises from the sides 
of the walls as well as the base, also from soil 
splashings. A damp course may be made in 
the w'all of slat^, stone, vitrified slabs, glazed 
bricks, or asphalte rock that does not squeeze 
out with weight. 

Bricks are made of clay, which 
is alumina and silica ; of marl ; 
of the same substance mixed 
with lime, and of loam, a light, 
sandy clay. A brick should 
weigh seven pounds, and can 
hold one pint of water. Mortar 
should be one part lime and 
throe parts clean sand (no sea 
shells) and fresh water — never 
salt. 

If stone be used, sandstone 
of various colours, according to 
the iron in it, is good ; or limestone. Portland 
stone is also good ; bathstone is soft and 
crumbly. Magnesia limestone is really con- 
solidated Epsom salts. The Houses of Parlia- 
ment are built of this. 

In 100,000 bricks there are 10,000 gallons of 
“ building water.” Each brick will absorb 1 lb. 
of water. In old houses all this has evaporated, 
and the pores are full of air ; in new ones much 
is retained. Water keeps the walls too cold, and 
the air condenses in the rooms. 

Water glass (silicate of potash) renders soft 
stone impervious to damp and decay. Inter- 
walling bricks, etc., can be “ enamelled ” with 
it. To find if the walls are dry enough, pick out 
bits of mortar. These should not have above 



POINTS OF COMP\SS 



5. POSITION OF 
DAMP COURSES 
a. Upper course 
h. Ground ajcainsb 
w all c. Lov\ er 
course 
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5 per cent, of water in them. In building, 
English bond is better hygienically than 
Flemish. In the latter, whole bricks (not 
bats — half bricks) should always be used for 
“ headers.” 

A 9 in. wall is not enough externally to prevent 
weather from penetrating “ header ” bricks. It 
must be 14 in., or more if of stone. This is 


important, as an 
even tempera- 
ture in the house 
depends on the 
thickness of the 



7 . DIMINISHING PIPES 


walls 


On the wettest, ^ - 

or “ weather ” 

side of the 3 ^ strutt’s pipes 

house, there 
should be slate or pitch 
or Portland cement ; or 
the wall may l)e tiled 
or rough cast, or slated 
with a cavity. A cavity 
wall does not interfere with natural ventilation. 



9 . MANHOLE 


Concrete is good for walls, and so is terra cotta. 
Party walls should be 9 in. thick, and carried 
15 in. above the roof. Bathstone facings and 
stucco are both bad, and constantly require 
painting. The law is that a house two storeys 
high (25 ft.) must have a minimum thickness 
of one brick (9 in.) ; if over 25 ft., then IJ bricks 
for the first storey, and one brick after ; if over 
35 ft., two bricks for two storeys, and 1 J bricks 
for the rest ; if over 50 ft., then 2.J bricks for the 
first story, two for the next, 2 and IJ for the 
others. Modern American buildings of steel, 
filled in with stone and brick, alter all these 
calculations. 


gases given off. There must bo no dry rot in 
the W'ood for there is no cure for this when it 
has once set in. Gas dry meters should be 
fitted with Stott’s gas regulator to avoid flaring 
and to save the gas. 

No water-pipes must run on outsido w'alls 
unless protected with felt. Whore necessary 
taps should be marked “Main” or “Cistern.” 
In buildings generally avoid all porous absor- 
bent materials — there should be no damp 
anywhere. 

Furniture. In rooms the stylo of furni- 
ture is getting more Oriental. Woollen hangings 
should be avoided ; they encourage dirt. A 
velvet boudoir in Mayfair nearly caused the 
death of a well-known doctor. Plainness and 
cleanliness should be insisted on in towns, and 
while the bareness of a hospital ward is un- 
desirable all needless hangings and other dirt 
traps should be avoided. I'hc basement, 
especially, should be kept clean and free from 
hoarded rubbish. 

Arsenic is still found in some wall-pa|)ers not 
necessarily green, as well as in green lamp- 
shades, etc. ; but it is only injurious when the 
dust is brushed off and paiticles are allow’ed to 
fly about in the air. Bt*fore now a pair of 
gloves dyed with arsenic have caused apparent 
“ hay fever ” — in reality, symptoms of poison- 
ing. If the health deteriorates without apparent 
cause it is probably due to sewer gas — less 
probably to arsenic. (Bazed washing paper or 
paint on all walls is, of i*ourse, the best kind of 
covering. 

Any articles supposed to contain arsenic can 
be tested at a moderate cost, or jierhaps free of 
expense, by the borough analyst of tJie borough 
or district council. 


Inside w alls can l)e glazed w ith tiles, plastered, 
covered with impervious paint or washing paper, 
or a new slieet of tin painted on one side, which 
IS admirable for pantries, bath I’ooms, etc. 
('eilings arc made of lath and plaster, to deaden 
the sound. Floors are tongued and grooved, or 
caulked. Carpets should be in squares, and not 
tit into corners. 

The Roof. The slates of a roof are laid on 
boarding covered with felt. “ Countess ” slates are 
20 in. by 10 in., and are best with a 3-in. ovcrla]), a 
lead gutter, and cement joints round the chimney 
stacki. All channels should be of. sheet lead 
Avoid nails in lead roofwork, l>ecause galvanic 
action sets up. Have rolled joints to allow 
expansion re]- 

Rows of houses should run north and south, 
and there should l)e no borrow^ed lights. Theo- 
retically the kiU’hen is always l>est at the top 
of the house. Hinged window s are better than 
those built on the sash principle, and can be 
more easily cleaned outside. 


To test arsenic, four square inches of pai)er 
should be placed in a test tube 



I, 2, and 3. Side drains 4. Main drain open in inspection 
<*haniber 6. Main drain 0. Discoiniectiii^ trap 7. Inspection 
arm H Drain to seuer 9. Ficsli air inlet 10. Giating niteh 

II. Airtiirht cover 12. CondenMii^^donie 13, Seal 14 Glazed 


All closets should be separate rooms, well 
ventilated into the external air. They should 
be in the external w^all with a window 2 ft. 
square, and be supplied with a separate cistern 
and ventilated with aii* bricks. This also applies 
to the larder. The kitchen should be well 
ventilated into the air. The coal-cellar should 


bricka 1,^>. Cement 1<» Plu^ 17. Ordinary joint 18. W’atci 
joint antomaticallj sealed b,\ condensation 

bright copper oi’ platinum wire. If it turns 
black, there is a quantity of arsenic. If it 
becomes covered all over in half an hour or 
less, there is a proportion of arsenic ; if not 
covered there is none. 3Ierc blotches do not 


be cut off from the house on account of the count. 
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House Sanitation* A drain should be to some form of the 83 rph on again [11]. The point 

4 in. in diameter ; in large mansions it may be is to have as few traps as possible. They all 

6 in., and in public institutions 9 in. ; but the avert the flow and encourage stagnation of solids 

smaller it is, the better the flow. Tt should be and decomposing water. The water seal gives 

l>edded in 6 in. of solid concrete so that if there them, of course, all their efficiency and consists 

should be a leakage or a fracture nothing can of a certain amount of W'ater which settles in 

escape. Jt should never l)e carried, even with the lowest part of the bend, and, filling the pipe, 
these precautions, underneath the house. then cuts off the air on one side from that on 

All branches or connections should join at an the other. This seal [ 12 ] is generally 2 in. to 3 in. 

angle like a Y and not at right angles like a T. deep above the bond of the pipe. The water tends 

The drain must run from point to point in a to dry up in summer if the drains are not used, 

straight line in true gradients, with an even fall. All traps should have their inlet vertical to 

which should be 1 in 50 on an average, or 1 in secure a good fall, and the outlet inclined. The 

40 for 4-in. pipes, 1 in GO for G-in., 1 in 90 for inlet, also, must be higher than the outlet. 

9-in. pipes. Wth the us lal gradient the velocity The latter should be egg-shaped in section, 
of the flow is 3 ft. to 4 ft. per second. In a 4-in. The trap should be ventilated on both sides 
pipe half full the flow is 8 cubic ft. every second, to keep down any pressure of gas that might 

in a 6-in. 18, in a 9-in. 40. tend to force itself through the water. There 

The velocity of the current is the same if the should be a good raking arm kept hermetically 
pipe be full as if it were half full. The internal sealed in disconnecting traps, 
surface of the drain-pipe should be smooth. The water seal absorbs and gives off gases, 

polished and round, with no ridges at the joints. When the pressure from the sewer is greater 

The joints should be cemented and well wiped than the weight of water which constitutes 
inside with one part of tar, one the seal, the trap is forced 

of sand, and one and a half ^ 5^ 0^ (j^j] becomes 

sulphur. The ordinarj’ socket o r s u v useless. This often occurs in 

joint, if well made in < ‘mentor common forms of trvps higher parts of an ex- 

bituminous rings and cement, tensive drainage system, as at 

i.s good. There must tx* no movable joints. Highgate and Hampstead. Sewer gas is con- 

Diminishing pipes must be used when needed or stantly forcing the traps there, and the only 

the joint will come the wrong way [7J. Strutt’s cour.'X? to relieve the pressure is free ventilation 
pipes, \uth rebate inside and perfect centring [8J of the di'ains. 

are the best sort. All curves and bends should Closets. Solid matter from sewage cannot 
be avoided. If it ha.s to be carried inside the l)e forced back through the trap, but if air is 

walls an arch mii^t l>e turned in the wall so that mixed with the water, as when a trap is forced, 

it does not prc'<s on the pipe. There must l)e so as to make bubbles, they burst, and particles 

an inspection manhole at every change of angle. of sewage are ejected into the air. Flooded traps 

A manliole should l)e 3 ft. 4^ in. by will carry sewage back into the house. 

2 ft. 3 in, with galvanised airtight FI FI (’losets may be dry or on the 

iron doors, not stone f9|, made air- { //) 1 system; the latter are better, 

tight by a water seal. The manhole “Privys” and “middens” have no 

must be kept perfectly clean or it LI LJ water. Water-closets aio of two 

Ix'comes a cesspool. A syphon trap 12 . trap sealed sorts: those without movable appa- 
into the sewer is l)e.st in the area unsealeo ratus for retaining water in pan, 

w'ith air inlet on the house side of and those with it. In the first kind 

trap. we have long hoppers [ 13 ], short hoppers, and 

If all the closets are upon the ground floor, and w ash-outs. The long hopper is just a long cone, 
theie is no vertical soil-pipe, there can he two and is bad and dirty. The short hopper [ 14 ] is 

inlets in the air chaml>er — one for foul air and a short cone nearly vertical behind, with all 

one for fresh. In the manhole itself the drain- the .slo|X‘ in front, and with or without a trap 
pipes are open and are called “ channel pipes.” at the bottom. This, with a good flushing 

They are J in. or J in. wide, and the side channels apparatus, is not bad. It is also made with a 

deliver above the base of the main drain, with rim and of a bowl shape. The flush should 
a steeper gradient and joining at a Y angU allow 3 gallons down a IJ-in. pipe with a fall 
[10]. from G ft. down the closet. The ordinary 

The trap in a 4-in. or a 6-in. pipe is 4 in. allowance is 2 gallons with a 4-ft. fall. No 

wide. There should be a fall in all of 2 ft. to safes or overflows are needed with hopper 

the w^ater seal to give the water a “ head.” closets, which are very good out of doors. 

Longer systems may require more than one There should be concrete floors and a hinged 
disconnecting trap. scat, no back and no wood casing, but all of one 

Traps and Seals. It will be well here to piece of earthenware, and P or S traps through- 

describe exactly what is meant by traps and out, jointed with cement to a 4-in. drain, 

seals, as well as to understand the various sorts The disadvantages of all hoppers is that the 
of closets. The leading principle of house contents are exposed and there is waste of 

sanitation is that there must be no communica- water. The third form, the wash-out [ 15 ], has a 

tion between the house and the drainage. The shallow' pool kept by a ledge in the pan, and a 

earliest traps were syphon. The D trap was syphon trap below. It requires more than 

invented to improve them, and now we revert 2 gallons of water to carry contents over the edge 
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and through the syijhon, and becomes soiled by 
splasjies, the water in the basin being too shallow. 

The “ Deeoco,” or syphon closet [16], has 
deeper water in the basin ; it is cleaner and 
needs more flusliing ; but it has the disadvantage 
that if slops are thrown dovm it, the water 
syphons out of boMi traps, and leaves it un- 
trapped. 

An improved Dececo, the Century closet 
[17], has a puff pipe that prevents syphoning 
by stopping the suction action ; half the flush 
of water is not sent into the basin, but between 
the two syphons, thus sucking down the upper air. 

The cistern should have a branch to the pan 
to fill up the water there as the 
cistern fills, if it is syphoned. The 
waste- preventing cistern is best with 
a syphon action so that a short pull 
starts it, and cmi)tie8 the cistern. 

If the drain be indoors, and there 
arc lead soil pipes, it is hard to make 
a good joint between lead and stone. 

Marine glue or a brass collar with 
asbestos and cement is best ; or a brass 
socket can l>e fixed on the earthenware pipe 
with cement and gaskin. The lead pipe can 
be opened and the brass collar put inside and 
soldered firmly. 

The second form of closet alluded to is with 
movable apparatus of some sort, and may be 
pan, valve, or plug: 

The pan is largely used, but is now for- 
bidden to l^e fixed. It has a dirty retainer and 
a D trap. The dirt decomposes in it, but no 
overflow is needed to the basin. Pipe 3 is in 
direct commuiiicafion with the dirty 
trap 118]. The drinking water is 
drawn up (11) from the closet cis- 
tern. 1'he container, of iron (8), 
gets inconceivably foul. The T) 
trap (9) is the worst and most in- 
effective one kno\\Ti, The hcal is 
often syphoned and incflective. 

The valve 119J is not a good ar- 
rangement. It is water-tight, so 
that an overflow is needed in case of 
faulty action, and there is always a 
danger of water or foul aii’ entering by the over- 
flow. There is a trapped box under the valve. 

The plug [20] plunges up and down and 
splashes badly. It must have a syphon trap 
l)eInM . If not held up a little time it catches the 
excreta as it is forced down and jams. 

The Axis closet is another modification [21]. 

Jenning’s side plug is an improvement on the 
short hopper. It holds more water in the basin 
and there is less splashing. The disadvantage 
of the plug and valve is that there is foul air 
below the plug. For large numl>ers, for use in 
camp or out of doors, a trough with syphon trap 
and automatic flush with reversed ball valve, 
uhich lets all out when full, is most sanitary 
and useful [22]. 

Slop closets must l)e used when flushing down 
by slops is insufficient. Automatic flushing is 
used when slops are not poured into closets but 
into a sink, and run into a three-gallon tipper 
vhich discharges automatically when full, 


either by the side of the closet and flushes it 
out, or into a trap, and passes out of doors [22]. 

The automatic flushing gully (in principle 
like a Dececo closet) is best out of doors for 
slops to discharge over, as it will not clog. 

Syphonage. One word about syphonage, 
which is such a trouble in ill-managed closets 
and traps. It always occurs when the water 
fills the full bore of a pipe, or it may occur 
by suction and momentum, when there are three 
or four closets one above another emptying 
down the same pipe. It is obviated by the 
ventilation of the soil pijxj and by an anti- 
syphon pipe, 2 in. in diameter, inserted into the 
crown of the trap of all closets and 
sinks except the highest. This entirely 
stops all suction. 

The soil pipes should be of lead, 
4 in. in diameter, and 8 lb. to the 
square foot, and should be continued 
to 6 in. above the roof with a wire 
cover. Iron is rougher and cheaper, 
but if much hot water is poured down, 
the iron twists and wears out. 

The pipe should be drawn lead without seam 
and wiped joints. The joints are made by a 
tampon of wood which bulges out the end of 
lower pipe. The upper is rasped and fits in 
smoothly for half an inch. The pipe is then 
painted with lampblack for 4 in.— the two 
inches are shaved tightly in each pipe. Then 
the solder [sec Soldering] is poured on and 
w'ij^ed with a cloth. Some joints are badlv 
made, the two ends being heated and stuck 
together wdth solder. 

If the soil pijx' is inside the house 
it may have an S disconnecting trap 
at the foot with a fresh -air inlet, 
but in this case the drain cannot, of 
course, be ventilated by the soil ]>ipe, 
which is closed by the trap; and 
there must be then a second venti- 
lating pipe from the drain by the 
side of the trap to above the roof. 
For this and other reasons the trap 
at the foot of the soil pijie is often 
an evil. There must l)e no curves 
in the pipe, and the top must l)e 30 ft. laterally, 
and 10 ft. vertically from windows. 

An un vent dated soil pipe ventilates itself 
when not wanted into the house. Nev^er allow^ 
a traj) or a drain to be imventilated. All 
wastes and sinks should have a syphon trap 
with a screw to prevent foul “ soap ” air 
entering the house, and to wash out the trap. 
Whenever the pipe is entered by others, as we 
have seen, an anti -syphonage pipe is needed. 

Where iron pipes are used they should be 
coated with Angus Smith’s Tar Solution. 
They must have sockets and be caulked with 
lead, and 7U)t with putty or cement 

Wastes may discharge into the hopper head 
(with a wire cover) of stack pipes. Rainwater 
pipes must never be used as ventilators for 
drains. 

All wastes must, by law, now discharge into 
the open air on to a channel 18 in. from the 
gully trap. This law, however, is not to be 
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House Sanitation. A drain should be to some form of the syphon again [11]. The point 

4 in. in diameter ; in large mansions it may be is to have as few traps as possible. They all 

6 in., and in public institutions 9 in. ; but the avert the flow and encourage stagnation of solids 

smaller it is, the better the flow. Tt should be and decomposing water. The water seal gives 

l>edded in 6 in. of solid concrete so that if there them, of course, all their efficiency and consists 

should be a leakage or a fracture nothing can of a certain amount of water which settles in 

escape. It should never be carried, even with the lowest part of the bend, and, filling the pipe, 
these precautions, underneath the house. then cuts off the air on one side from that on 

All branches or connections should join at an the other. This seal [12] is generally 2 in. to 3 in. 

angle like a Y and not at right angles like a T. deep above the bend of the pipe. The water tends 

The drain must run from point to point in a to dry up in summer if the drains are not used, 

straight line in true gradients, with an even fall, All traps should have their inlet vertical to 

which should be 1 in 50 on an average, or 1 in secui'e a good fall, and the outlet inclined. The 

40 for 4-in. pijK's, 1 in GO for 6-in., 1 in 90 for inlet, also, must be higher than the outlet. 

9-in. pipes. With the us lal gradient the velocity The latter should be egg-shaped in section, 
of the flow is 3 ft. to 4 ft. per second. In a 4-in. The trap should be ventilated on both sides 
pipe half full the flow is 8 cubic ft. every second, to keep down any pressure of gas that might 

in a 6-in. 18, in a 9-in. 40. tend to force itself through the water. There 

The velocity of the current is the same if the should be a good raking arm kept hermetically 
pipe l)e full as if it w^ere half full. The internal sealed in disconnecting traps, 
surface of the drain-pipe should be smooth. The water seal absorbs and gives off gases, 
polished and round, vith no ridges at the joints. Wien the pressure from the sewer is gi’eater 

The joints should be cemented and well viped than the weight of water which constitutes 
inside with one part of tar, one the seal, the trap is forced 

of sand, and one and a half by the gas and becomes 

sulphur. The ordinary socket d r a so v useless. This often occurs in 
joint, if w’ell made in < '‘ment or common forms of tr\ps liigher parts of an ex- 

bituminous rings and cement, tensive drainage system, as at 

is good. There must oe no movable joints. Highgate and Hampstead. Sewer gas is con- 

Diminishing pipes mu.st lx* used w hen needed or stantly forcing the traps there, and the only 

the joint will come the wrong way [7J. Strutt’s cour.se to relieve the pressure is free ventilation 

pijies, w ith rebate inside and perfect centring [8J of the drains. 

are the best sort. All curves and bends should Closets. Solid matter from sewage cannot 
be avoided. If it has to Ijc carried inside the l>e forced back through the trap, but if air is 

walls an arch must lie turned in the w all so that mixed w ith the water, as when a trap is forced, 

it does not pros on the pipe. There must be so as to make bubbles, they burst, and particles 

an insjiection manhole at every change of angle. of sewage are ejected into the air. Flooded traps 

A manliole should lie 3 ft. 4^ in. by w ill carry sewage back into the house. 

2 ft. 3 in, with galvanised airtight I I Closets may be dry or on the 

iron doorh, not stone [9), made air- | //) 1 system ; the latter are better, 

tight by a water seal. The manhole “Privys” and “middens” have no 

must kept perfectly clean or it LJ U water. Water-closets aie of two 

Ix'comes a cesspool. A syphon trap 12 . trap .sealed norts : those without movable appa- 
into the sewer is l)est in the area ^nd unsealed retaining water in pan, 

with air inlet on the liou.se side of and those with it. In the first kind 

trap. we have long hoppers (13], short hoppers, and 

If all the closets are u])on the ground floor, and wash-out.s. The long hopper is just a long cone, 
there is lu) vertical soil-pipe, there can be two and is bad and dirty. The short hopper [14] is 

inlets in the air chaml>er — one for foul air and a short cone nearly vertical behind, with all 

one for fresh. In the manliole itself the drain- the slopt‘ in front, and with or without a trap 

pipes are open and are called “ channel pipes.” at the bottom. This, with a good flushing 

They arc J in. or J in. w ide, and the side channels ajiparatus, is not bad. It is also made with a 

deliver above the base of the main drain, with rim and of a bowl shape. The flush should 

a steeper gradient and joining at a Y anglt allow 3 gallons down a l|-in. pipe with a fall 

[10]. from 6 ft. down the closet. The ordinary 

The trap in a 4-in. or a 6-in. pipe is 4 in. allowance is 2 gallons with a 4-ft. fall. No 

wide. There should lie a fall in all of 2 ft. to safes or overflows arc needed with hopper 

the water seal to give the water a “ head.” closets, which are very good out of doors. 

Longer systems may require more than one There should be concrete floors and a hinged 
disconnecting trap. scat, no bark and no wood casing, but all of one 

Traps and Seals. It will be well here to piece of eartlienware, and P or S traps through- 
describe exactly what is meant by traps and out, jointed with cement to a 4-in. drain, 
seals, as well as to understand the various sorts The disadvantages of all hoppers is that the 
of closets. The leading principle of house contents are exposed and there is waste of 

sanitation is that there must be no communiea- water. The third form, the wash-out [16], has a 

tion between the house and the drainage. The shallow' pool kept by a ledge in the pan, and a 

earliest traps were syphon. The D trap was syphon trap below. It requires more than 

invented to improve them, and now we revert 2 gallons of water to carry contents over the edge 
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and through the syphon, and becomes soiled by 
splasjies, the water in the basin being too shallow. 

The “ Dececo,” or syphon closet [16], has 
deeper water in the basin ; it is cleaner and 
needs more flushing ; but it has the disadvantage 
that if slops are thrown down it, the water 
syphons out of bo^h traps, and leaves it un- 
trapped. 

An improved Dececo, the Century closet 
[17], has a puff pipe that prevents syphoning 
by stopping the suction action ; half the flush 
of water is not sent into the basin, but between 
the two syphons, thus sucking down the upper air. 

The cistern should have a branch to the pan 
to All up the water there as the 
cistern fills, if it is syphoned. The 
waste -preventing cistern is best with 
a syphon action so that a short pull 
starts it, and empties the cistern. 

If the drain l>e indoors, and there 
are lead soil pipes, it is hard to make 
a good joint l>etween lead and stone. 

Marine glue or a brass collar with 
asbestos and cement is best ; or a brass 
socket can be fixed on the carthen\vare pipe 
with cement and gaskin. Tlie lead pipe can 
be opened and the brass collar put inside and 
soldered firmly. 

The second form of closet alluded to is with 
movable apparatus of some sort, and may be 
pan, valve, or plug: 

Tlie pan is largely used, but is now for- 
bidden to be fixed. It has a dirty retainer and 
a D trap. The dirt decomposes in it, but no 
overflow is needed to the basin. Pipe 3 is in 
direct commuiiication with the dirty 
trap [18]. The drinking vater is 
drawn up (11) from the closet cis- 
tern. The container, of iron (S), 
gets inconceivably foul. The I) 
trap (9) is the worst and most in- 
eft ective one known. The seal is 
often syphoned and ineftective. 

The valve [19] is not a good ar- 
rangement. It is w^ater- tight, so 
that an overflow is needed in case of 
faulty action, and there is always a 
danger of water or foul air entering by the over- 
flow. There is a trap^jcd box under the valve. 

The plug [20] plunges u}) and down and 
splashes badly. It must liave a syphon trap 
bt'low. If not held up a little time it catches the 
excreta ns it is forced down and jams. 

The Axis closet is another modification [21]. 

Jenning’s side plug is an improvement on the 
short hopper. It holds more waiter in the basin 
and there is less splashing. The disadvantage 
of the plug and valve is that there is foul air 
below^ the plug. For large numlx*rs, for use in 
camp or out of doors, a trough w ith syphon trap 
and automatic flush with reversed ball valve, 
which lets all out when full, is most sanitary 
and useful [22]. 

Slop closets must be used when flushing down 
by slops is insufficient. Automatic flushing is 
used wdien slops are not poured into closets but 
into a sink, and run into a three-gallon tipper 
which discharges automatically when full. 


either by the side of the closet and flushes it 
out, or into a trap, and passes out of doors [22]. 

The automatic flushing gully (in principle 
like a Dececo closet) is best out of doors for 
slops to discharge over, as it will not clog. 

Syphonage. One word about syphonage, 
w'hich is such a trouble in ill-managed closets 
and traps. It always occurs when the water 
fills the full bore of a pipe, or it may occur 
by suction and momentum, when there are three 
or four closets one above another emptying 
down the same pipe. It is obviated by the 
ventilation of the soil pii)e and by an anti- 
syphon pipe, 2 in. in diameter, inserted into the 
crown of the trap of all closets and 
sinks except the highest. This entirely 
stops all suction. 

The soil pipes should be of lead, 
4 in. in diameter, and 8 lb. to the 
square foot, and should be continued 
to 6 in. above the roof with a wire 
cover. Iron is rougher and cheaper, 
but if much hot water is poured down, 
the iron twists and wears out. 

The pij)e should l)e drawn lead without seam 
and wiped joints. The joints are made by a 
tampon of wood which bulges out the end of 
lower i)ipe. The upper is rasped and fits in 
smoothly for half an inch. The pipe is then 
painted with lampbla(‘k for 4 in. — the two 
inches are shaved tightly in each pipe. Then 
the solder [see Soldering | is poured on and 
wiped with a cloth. Some joints are badly 
made, the two ends being heated and stuck 
together with solder. 

If the soil pipe is inside the house 
it may have an S disconnecting trap 
at the foot with a fresh-air inlet, 
but in this case the drain cannot, of 
coiirst‘, be ventilated by the soil pipe, 
which is ck)sed by the trap ; and 
th(‘re must lx‘ then a second venti- 
; lating pipe from the drain by the 
side of the trap to above the roof. 
For this and other reasons the trap 
at the foot of the soil pipe is often 
an evil. There must be no curves 
in the pipe, and the top must be 30 ft. laterally, 
and 10 ft. vertically from windows. 

An un ventilated soil pipe ventilates itself 
when not wanted into the house. Never allow’ 
a trap or a drain to be unventilated. All 
wastes and sinks sliould have a syphon traj) 
with a screw to prevent foul “ soap ” air 
entering the house, and to wash out the trap. 
Whenever the pi|>e is entered by others, as we 
have seen, an anti -syphonage pijie is needed. 

Where iron pipes are used they should be 
coated with Angus Smith's Tar Solution. 
They must have sockets and be caulked with 
lead, and not with putty or cement 

Wastes may discliarge into the hopper head 
(with a wire cover) of stack pipes. Rainwater 
pipes must never be used as ventilators for 
drains. 

All wastes must, by law, now discharge into 
the open air on to a channel 18 in. from the 
gully trap. This law, however, is not to be 
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commended, as it causes needless smells in that 
18 inches. There is also the danger of overflow 
from the cistern. 

In yard traps, for surface water of the j’^ard, 
the seal often dries up and lets out the gas. 
Unsealable traps should never 
be used. Sink wastes should be 
trapped under the sink, and go 
into a grease trap, and there 
should l^ an automatic flush of 
four gallons. 

Yard inlets to the drain for air 
are often outlets from the soil 
pipe, if the air in it is warmer 
than the drain. A 4-in. flush 
of a large closet will draw the 
fresh air out of the inlet ; inlets, 
therefore, are often dangerous, 
and should not be near windows. 

All gully traps should be 
self-cleansing, for they are never 
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16. SYPHON CLOSET 
ft Second trap 


mg’ trap 

cleansed. 

Briefly, the dangers attending domestic sanita- 
tion are these : Bad seals, dry seals, syphonage, 
wastes discharge with drain, unventilat^ drain 
in soil pipes, the possi- 
bility of the water seal 
lacing destroyed by sy- 
phonage, and pressure of 
gas and evaporation. 

I'hese matters are so 
simple that they can be 
seen to by any intelligent 
householder without any 
chflSculty, and are of great 
importance to health. 

Seuer gas contains sulphuretted hydrogen, 
ammonia, and 4 per cent. COj and germs. It may 
produce peritonitis, puerperal fever, pneumonia, 
sore throats, typhoid, or erysipelas. Sewer gas 
may be inodorous. Inmates of hospi- 
tals have been i>oisoned from the top 
of the soil pipe being ventilated by 
the larder, and people have betm 
poisoned by the nearness of the soil 
pipe to an open cistern in the 
roof. 

In Caius College, Cambridge, an 
epidemic of typhoid was traced to the 
splash of a closet pan into the lead 
safe beneath. A pipe drew up the 
germs into the mam, and poisoned 
the water supply. 

The drains should be tested 
water pressure and by smoke 
test. Half an ounce of oil of 
peppermint, placed in the highest 
closet, can soon be detected be- 
low if there is leakage anywhere. 

Cisterns. Cisterns should be 
covered, and dark. The cubic 
feet multiplied by six gives the 


16. “ WASH-OUT ” CLOSET 
Basil) ft. Le\cl of water fomiinjj: 
c. Flushing pipe d. Flangt fonn- 
Drain 




and has nearly gone out. The modem plan of a 
reservoir of galvanised iron, tested to 20 lb. 
to square inch is very good. Where there is 
nothing but the boiler and hot cistern and the 
two pipes explosions are common, but when the 
intermediate reservoir is used 
they are unknown. 

We will conclude with domestic 
refuse, which includes excreta, 
slops, kitchen waters and grease, 
bones and scraps, broken iron and 
crockery, dust, ashes, cinders, 
and rubbish generally. 

London house refuse works 
out at 4 cwt. per head per 
annum ; in the country, 7-10 
cwt. Points to be noted in this 
connection are speedy removal 
of excreta, prevention of foul 
deposits and escape of gas, the 
ventilation of all pipes, and provision against 
sewer gas in the house. 

Each person loses 4 lb. of solids and 1 quart of 
fluid daily. There must, therefore, be good 
drains, well laid and 
accessible, ventilated, and 
not under the house. 
Good closets, lighted, in 
outside wall, ventilated, 
with windows. All wastes 
must discharge in opcm 
air. There must be 
separate closet systems, 
and an abundant con- 
stayii supply of water. 
No leakage and no waste-pipe in bed-rooms. 

The old insanitary brick ashpit is now done 
away with, and the new galvanised dustbin, 
with lid, has taken its place [23]. It must not 
contain more than one week’s refuse, 
and should be about 15 in. by 
18 in., with perforations at the bottom 
of each side. The capacity should 
not be above 2 cubic ft. No decom- 
posing or wet matter must be thrown 
on it, but should be burnt. 

House refuse should not be mixed 
with manure and spread on a field. 
At Hendon this practice caused an 
outbreak of diphtheria. Town manure 
is kept above the ground in places 
with cement bottoms and wire re- 
movable cages round. No manure 
heaps are allowed in town stables. 
Prevention of Disease. 
Tlie tables appearing on page 5056 
give a list of some of the most 
common diseases, with the 
time of incubation and length 
of the duration of infection. 
The school law, showing when 
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18. PAN CLOSET 
1 Lever 2. Air-pijH; 3. Over- 
flow 4. Ball cock 5. Flush pipe ^ 

contents m gallons, and, divided «. Seat 7. Closet basin 8 . con- a child may return, is also given, 

by five, the number of people i5pe n ^Houwe wS should be strictly 

it will supply. If they are of ’ * ^ 

lead, they must not be scraped when cleaned. 

Hot w^ater supply is often dangerous. The 


old fashion of a tap in the boiler, or draw- 
ing off water direct from the boiler, is bad, 
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adhered to. 

We should now consider the principal pre- 
ventives against disease. 

1. Modify susceptibility by protective inocu- 
lation. 
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2. Attention to health measures against 
specific causes. 

3. Stamp out by compulsory notification and 
immediate removal to special hospital. 

4. Isolate every case. 

5. Isolate and watch each person for 14 days, 
and destroy all infected clothing. Quarantine 
is ineffectual. 

6. Always notify an outbreak 
of disease to schools and close 
them in epidemics. 

7. Revaccinate persons over 14, 
also when an epidemic of small- 
pox is about. 

8. Disinfect all clothing, furni- 
ture, and rooms. All clothes and 
linen, etc., should be boiled 
before being sent to the laundry. 

Steam is better than heat for 
cleansing. Moving steam is most effectual, dry 
air least so. 

Drying alone does not kill the spores of germs, 
or even the bacteria in all cases. Steam is best, 
because of the latent heat re((uired to raise water 
at 212'' F. to steam requires 1,(H)0 times more 
heat than to raise water from 211® F. to 212® F. 
This heat ^ 

steam parts 
with when 
p e n c trating 
the cold 
clothes. Hot 
air has no 
such latent 
heat to give 
out. It 

should be 
b o r n in 

mind that perchloride of mercury kills 
bacteria, and perchloride of 

destroys all spores. 

Disinfection After Disease. Hot 
chambers and two separate rooms should be used 
for disinfecting by steam, with heat not over 
250° F., or it will scorch. For disinfecting rooms, 
3 lb. of sulphur will do for eai*h cubic ft., 

or sulphurous acid can be t»et free. One 
per cent, of sulphurous acid in the air 
kills all germs, but even ff per c‘ent. will 
not kill all spores. 

Never less than 1 lb. per 1,000 cubic 
ft. should be used for dry burning. This 
produces SO^; but the active disin- 
fectant is or 80^ -I H^O (water) ; 

therefore, before fuming the room, the 
walls should be well moistened vith 
water or steam. 

Typhoid fever requires that an equal 
quantity of 5 per cent. H 80^ (sulphuric acid) 
and permanganate of potash be added to the 
volume of each stool. This is a real sterili.ser. 
Carbolic acid is used to kill all germs but 
typhoid. Lime should be added before einpt}^- 
ing it into the drain, in order to neutralise the 
acid. 

The only solutions that have destroyed spores 
in twenty-four hours are chlorine, bromine, 
and iodine water, chloride of mercury, perman- 
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ganate of potash 5 per cent., osmic acid 1 per 
cent., and carbolic acid 5 per cent. Deodorisers 
mask the smell only, while antiseptics stop the 
growth of the germs. 

The Lyons disinfecting steam chamber con- 
sists of superheated steam. 8 team is raised 
to three atmospheres, or 30 lb. steam pressure. 

This steam is made to circulate 
in an outer jacket, and the heat 
in an inner chamber. The steam 
is turned on for twenty minutes, and 
then turned off, while the heat of 
the chamber dries the articles. 
Steam at 220° F. for eight hours, 
or 250° F. for one hour, or 270° F. 
for fifteen minutes, kills all ordi- 
nary germs. 

If one cannot disinfect by steam, 
the articles should be soaked in 
per cent.) for twenty- four hours. 
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21. AXIS CLOSET 
( ‘onnection between outlet and lead 
bend is tinder isater 

all 

mercury 


22 . 


SLOP SINK 





23. DUSTBIN 

Cnpucit.i , 2 cubic ft. 


carbolic (50 

Fumigation is rarely quite efficacious and never 
when done at home. One cannot disinfect an 
inhabited room. 

Notification of Disease. Increasing 
compulsion is being phu ed on the doctor to notify 
all infectious diseases. It is needed because 

jieople con- 
ceal their 
cases. 

The dis- 
eases to be 
notified are : 
Smallpox, 
cholera, 
scarlet fever, 
typhoid 
fever, re- 
lapsing 
fever, continued and puerjieral fever, and 
measles. Influenza, mumps, chicken-pox, Ger- 
man measles, and consumption are still exempt. 

Notification can never stamp out all cases, for 
some are very mild, and escajx* recognition, 
although they may often, of course, be just as 
infectious. 

Isolation. To ensure complete isolation 
the patient should be in an empty room 
at the top of the house, Avith a sheet satu- 
rated with carbolic acid (5 per cent.) and 
w aUu’ before the door. The window should 
remain open, and the room should contain 
no furniture or carjH:;t. A special nurse 
should be engaged and no one else 
should enter the room but the doctor. 
The nurse’s hair should be covered, and 
a linen or cotton washing-dress worn. 
All uhmsils should be immersed in water 
containing a proportion of 3 per cent, 
of carbolic acid, and all linen soaked. Rags 
should bo used for handkerchiefs and after- 
wards burnt. Carbolic; soap should be used 
for washing, and carbolic oil, if oil is needed, 
should be used on the body — the liest is acid 
carbolic, 1 drachm ; eucalyptus, 3 drachms ; 
and olive oil, 8 oz. 

Disinfection consists in destroying germs, 
and not only in removing smells or arresting 
putrefaction. Condy’s Fluid is an antiseptic. 
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Nuisances. It may not be out of place 
here to consider what constitutes a “ nuisance.” 
Tlie following are those which may be abated 
under the Health Acts : 

1. Any premises that are in such a state as to 
be a nuisance or injurious or dangerous to health. 

2. Any pool, ditch, gutter, watercourse, 
cistern, water-closet, eartli-closet, privy, urinal, 
cesspool, drain, dungpit, or ashpit so foul or in 
such a state as to be a nuisance or injurious or 
dangerous to health. This is coihmonly put 
m force for defective drains. 

3. Any animal kept in such a place or manner 
as to be a nuisance or injurious or dangerous 
to health. 

4. Any accumulation or deposit which is a 
nuisance or injurious or dangerous to health. 
This does not apply to accumulation in connec- 
tion with certain trades, but to dustbins, manure 

' heaps, rag and bone 8hoj)s, etc. 

5. Any house so overcrowded as to be in- 
jurious or dangerous to health of inmates. This 
IS an important provision, especially when whole 
families in such numbers sleep in single rooms. 
Provisions as to overcrowding are not put in force 
as thev should be, either for health or morality. 

0. The absence from any premises of the water 
fittings prescribed ' y the Act, thus rendering the 
house unfit for habitation. 

7. An unoccupied house without a pro}:>er and 
sufficient supply of water. 

8. Any factory or workshop which is not a 
factory according to the Act, and which : 

(a) Is not kept clean and free from effluvia 
of drains, closets or other nuisances. 

{(*) Is not ventilated so as to be harmless, and 
contains gases, vapour, or dust that are 
a nuisance or dangerous to health being 
carried off, 

(c) Is so overcrowded while Avork is carried on 
as to he injurious or dangerous to health. 

(The oflfeilsive trades are dealt w ith separately. 
This aims at home workshops and SAA cating dcas.) 

0. Any tent, van or shed w^hich is a nuisance, 
or so overcrowded as to be injurious or dangerous 
to health. 

10. Any fireplace or furnace w'hich does not as 
far as jKissible consume its oAvn smoke. 

Respectmg nuisances the sanitary authority 
can make any one of four orders. They can : 

( 1 ) Abate the nuisance — an abatement order. 

(2) Forbid its recurrence — a prohibition order. 

(3) Combine the two first — a combination order. 

(4) Close the premises — a closing order. 

Disobedience to a nuisance order may be 

punished by a fine of 20s. a day and upwards. 

If an oAvner or occupier fails to abate a nuisance 
the sanitary authority has power to take all steps 
and cxeciito all work necessary and charge the 
expense to the OAvner. 

With regard to tenanted houses, the Act re- 
quires that any sanitary authority shall make 
and enforce such by-laws as are necessary for ; 

(1) Fixing the number of persons who may 
occupy any house, or part of a house, let in 
lodgings, and regulate the separation of the 
sexes as needed. 


TABLE OF INFECTIOUS DISEASES 


Chicken -pox 
Cholera 
Diphtlieria . . 

Diarrhoea . . 

Enteric, or typhoid 
KryBipeias . . 

Influenza . . 

Measlos 

German measles 
Mumps 
Scarlet fever 
Smallpox . . 

Phtliisis 
Vyphiia 

WhoopHig-couKh 

SCHOOL LAW A I 


Smallpox .. 18 days 

Chicken-pox .. 18 

Scarlet fever . . 14 

Diphtheria . . 12 

Measles . . 16 

Whoopinp-couph 21 
G-erman measles 16 

Mumps . . 24 


PiirHtluii of 
Infection 


10 to 14 days 3 weeks 


14 

5 1 

21 3 

20 4 

12 .3 

14 „ 22 3 

1 ,, 6 „ 6 to 8 

— 12 „ 
not knovV’n 


'TEfTING DISEASE 
AV hi II i 

iiool ufU‘1 aUutk 


When scabs are gone 
When scabs are gone 
6 to 8 weeks, and all peeP 
ing over 

3 weeks, and no sore throat 

3 weeks, and no cough 
0 weeks, and no cough 
2 weeks, and no cough 

4 weeks, and no cough 


(2) Registering such houses so let and occupied. 

(3) InsjAecting such houses. 

(4) Enforcing drainage, cleanliness, and A^enti- 
lation of such houses. 

(5) Cleansing and whitcAvashing at stated 
times. 

(fi) Precaution in ease of infectious disease. 

Oases of infectious diseases must be notified, 
removed and the house, etc., disinfected. On 
notice being given all articles must be disinfected 
or destroy^, or the sanitary authority can 
enter at any time between 6 a.m. and 9 p.m. 
for this purpose. 

Trade Nuisances. Trades that are 
offensive but not necessarily unhealthy are bone, 
blood, soap and fat boiling. 

Trades that are unhealthy but not offensive 
are lime, cement and charcoal burning. None 
of these must be established near London. 

The manufacture of fat, tallow, candle, soap, 
blood, bone, phosphate ; or the carrying on of 
tripe boiling, curing, tanning, glue works, 
manure works, sewerage and scavenging may be 
classed under offensive and unwholesome smells. 

Poison works by contact, absorption, in- 
gestion, inhalation — as arsenic, mercury, lead 
and antimony work, used as colours in wall- 
papers, bronzing, gilding, artificial flowers, 
matches, hat and enamel work. 

Nuisances from offensive trades should be 
prevented by providing increased cubic space, 
perfect ventilation, screens, splashboards, fans 
to cany off dust, machines for doing hard work, 
non-poisonous ingredients used ; by insisting on 
no meals being taken in workshops, lavatories, 
disinfection before entry, mechanical stokers for 
furnaces, respirators in poisonous trades. 

[Illustrations 4-20 and 23 are reproduced from 
Diagrammettes,” by W. H. Knight ; 21 and 22 
by permission of Messrs. Twjfford, Ltd.] 


Continued 
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BRIDLES AND OTHER SADDLERY 

16 

The Manufacture of Bridles^ Winkers, Cheeks, kamtepy amiv 

Nosebands, Chin-straps, and Throat-lashes hakke«h 

ootitiiuiPfl from 

IMge 


By W. S. MURPHY 


■ 
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Bridles. The stuff has all been cut and 
lies ready to hand for the bridles. As the more 
elaborate and inclusive, the cart bridle is the 
most interesting and important to learn. 
Machine manufacturers have introduced novel 
modes of procedure ; but the hand method 
has always been to make the parts first, and then 
to build them together. 

WinRers. Race the sides with three deep 
grooves, edge with the edge tool, and blacken 
the edges. Soak in 
Mater a short time, 
bend inwards to a 
half circle, and nail 
the Munkcrs down 
on a board to dry 
in that shax>e. 

When dry, heat a 
bevelling iron and 
polish the r.ieed 
grooves. 

The winkei s have 
buckles and cross- 
belt in front, but 
the body of the 
winkers affords no 
hold for buckles 

We have therefore ^ 

to make cliapes or STRAP-cur 

loops of leather. Out and sew' on the chapes 
and put in the buckles. 

CheeKs. Turn over the ends of the cheek 
straps and meet them in the centre, flattening 
down the bends with the hammer. Cut a hole 
for the buckle at one end, and another in the 
centre of the strap, slitting it out to both sides 
and skiving down the edges of the slit. Fine 
the outer side of the cheeks with the edge tool, 
race double lines on the upper half, blacken tlie 
edges and the lines, and polish with a soft rag. 
With the pricker- wheel mark the lines for stitch- 
ing, put the buckle in place, and the bit ring 
at the other end, then sew the ends of the cheek 
tog(‘tluT. Both cheek-straps are 
made alike, with the exception 
that the faces are reversed. 

Noseband. Double back the 
ends of the noseband, making it 
about 1 ft. 4 in. in size ; shave 
the turned-in ends, and punch a 
hole in the centre of the band i 
at each side, slitting out from 
both holes. Edge the sides of the ~ 
noseband where it is not double, 
race two lines along it, and deepen, with the 
heat(‘d bevelling iron. Mark the lines for 
stitching on the doubled sides. 

Forehead Band. The forehead band 
itself is very simple ; but it joins on to the ear 
1 X i8 / 


9. STRAP-CUTTING MACIUNE 


piece, which needs some managing. Edge, 
crease, blacken, and polish, and deepen the 
grooves with the bcveller. Double the ear piece 
and flatten down and shave the undermost end. 
Oease and rub the top side ; mark off from the 
bend as much space as muU allow of a broad belt 
to slip easily through ; prick for stitching the 
rest of the ear piece ; stitch across and along. 
Make the other ear piece the same ; sew them 
on each end of the forehead band, and at the 

joints cut a small V 
nick for the tongue 
of the buckle. 

Corner Piece 
and Chinsstrap. 
Corner pieces are 
meant to ease 
the joint between 
the noseband 
and the cheek; 
they are cut to 
shape and skived 
A to pass in between 
H the bend ends of 
^ the noseband, on 
one side, and the 
cheeks on the otluT. 
Small straTis are 
tNG MAciUNE ^ machine 
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as shoMm in 9, Cut the short side of the (‘hin- 
strap in a slant from the breadth of 2 in. to 
J in. at the end ; thin the long part of the strap 
doMm to I in. broad all but 2 in. of its length ; 
turn back, and make a hole for the buckle in the 
naiTow end ; crease', blacken, and rub up lioth 
parts, and place the buckle. 

Head*strap. Narrow the ends ; crease, 
blacken, and finish. 

Throat-lash. This is a typical strap, and 
is treated exactly as has been formerly described. 
Turn doMTi at the end, make a hole for tlic tongue 
of the buckle, narrow the point of the strap, 
crease, black and fim'sh ; sew in buckle and loop. 

Stitching the Bridle. The 
cheeks form the backbone, so to 
say, of the bridle. Bring the 
forehead band lietwccn the cheeks 
and fix them together vith naiK. 
On the lower ends of the ehc(‘ks 
Me have a ring, and into this the 
noseband is linked. Strengthen 
the link by slipping the corner 
pieces into the fold of ihe nose- 
band and the chape of the cheek. 
Adjust the winkers close to the forehead band, 
and bring up the cheeks level Mith a piece of 
leather the same thickness as the M^nkers, the 
breadth of the cheeks. Set the chin -straps, the 
one M'ith the buckle going on the left side of the 
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bridle, viewing it from the front of the liorse. 
Miteh the outside lines of both eh(‘eks first; 
tack in the noseband on each side and continue 
the sewing up the inner side of the cheeks. 
Stitch the inner side of the noseband ; level the 
edges all round, st rap 
black, and rub with tal- 
low or smoothing- bone. 

Fix in winker straps, 
headband, and throat - 
lasli. and finish off in 
the lUtiimei' already 
described. 

Reins. We have 
here two reins, one long 
and one short. Let us 
liegin with the short 
rt‘in, and turn it over at 
one end for the buckle 
chai>e, at the other to 
go over the ring of tlie 
bit. Put four rows of 
stitching on at the ring 
end, and sew firmly the 
buckle. Stiteli the long 
rein into the other ring, 
and adjust it. 

Several small details, 
such as trimming [llj, bevelling and skiving 
110], come up in actual working which can 
hardly be set down witliin reasonable compass; 
but tiny sugg(*st tliemselves as the work grows 
under your hand. 

Van Bridles. The bridks used in van 
■work are different in form and kind of leather 
from cartlior&e bridles. 

WinKers. The main body of the W'ink<‘r 
is the plate, w^hich, of course, w(* get ready-made. 
C’lit out the leatlier J in. larger than the plate 
front and side, and J in. larger at tlie back. 

Race a double line all round _ 

the edgt*s ; prick the lines 
for stitching, and stitch the 
inm'r line with a double 
tlin-ad of black linen. Put 
tlie lining to size, put the top 
on it with a little stuffing, 
and sew' round three .sidt‘s, 
leaving th(‘ back oyien. Fig. 

12 shows a rna<‘hinc used for 
this purjio.se Soak the 
leather in water, and then 
coat the inskh* of what is 
practically a bag w ith a thick 
coating of paste. Thrust in 
the plat<' into each winker, 
bringing the iron close uji to 
the fiont stitching; rub well 
down on both sides to stick 
.•11 close together ; put a soft 
pad ufKi(‘r the lining of the 
l)oaid, and fix doivn the 
winkers to dry . 

CheeKs. Take the strip 
alrejwly cut ; measure 8 in. from the end and mark 
for a billet ; from that mark measure 8 in. and 
make a band, launch a buckle hole at each end ; 
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edge, black, and crease along the billet part ; 
groove on the underside half llie thickness of the 
leather. Set the buckles in place and fix the 
winkers on the cheeks, the bottom of the wanker 
coming level with the end turned up from the 
cheek-strap. Hold the 
edges dowui with tacks. 

Special features of 
this class of bridle are 
t ht‘ loop.s, w liieh are 
large and important. 
Having cut the loops, 
7 in. by I J in., from 
good stiff leather, form 
them square on tlu' loop 
stick, then set tlie side 
of one half-way under 
the cheek, stitch it in the 
groove, and bring over 
the other side of the 
loop in the same way. 
llie other cheek is 
treated similarly. Next, 
the loop is ornamented 
in the usual style. 

The other specialities 
of the van bridle may be 
briefly given. The nose- 
band is lined on the inner side. Forehead 
band, headband, and throat -lash join together 
in a rosette at the top of the cheek-straps, Ili(‘ 
ear and corner pieces being absent 

Riding Bridles, ('urioiisly enough, the 
liding bridle is at once the simplest and flnest 
()1 all its kind ; cut out of the very best light 
le.ither, and sewn with silk or the highest grades 
of lint. 

The cheeks of n riding bridle have buckles 
at eaeJi end, one lafld by a cliajie turned over 
and one by a billet stwvn on to the back. Set 

— the buekl(‘s in place, leaving 

space for a loop in front ; 
stitch from the back in ordiT 
that the best face of the stitch- 
ing may lie to the horse. 

As the liead-stra]) lias to 
join the throat-lash and the 
cheeks, it must be k(‘pt 
broad; slit it 5 in. on each 
side. Take the front band 
and bend over each (aid so 
as to cneloR(‘ the head-strap 
comfortably and haive room 
for stit cliing. Turn down the 
throat -lasli for the bu(flvlt‘H, 
and fit into place. Now stitch 
down all tlu* ends watli a 
double row of stitching. The 
stitching of the briille re- 
quires to 1 x 1 neatly and 
soundly done, not only for 
tlie appearance, but also for 
tlie wearing quality of thi 
bridl(‘. 

The Pelham bridle has a noseband, and the 
Wymouth has a double head ; but these have 


already been shown. 
Contiv ued 
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SCOTTISH BAGPIPES 

To-day, in Scotland and Ireland, we possess 
the most highly developed examples of the two 
groat varieties of the bagpipe. First, we have 
those blown by the mouth, and secondly, those 
inflated by bellows worked under the arm. 

The air wliich supplies the Scots’ pipes is con- 
tained in a receptacle of leather held under the 
left arm [1]. In this bag are five holes, which 
furnish sockets for as many tubes. First, we 
have the blow-pipe, which supplies as much 
breath as will keep the skin well filled ; secondly, 
there is the chanter, or melody pipe, which plays 
the tune to which the troops march. Thirdly, 
fourthly, and fifthly, we have the drone pipes, or 
stocks, which give accompanying sounds to the 
air. At the base of each drone-stock is a single 
beating reed. The chanter, however, at its 
apex, is furnished with a double reed somewhat 
akin to that of the hautboy. 

The Chanter. The beginner, before 
attempting to play on the entire instniment, 
must first take up what is known as a “ prac- 
tising chanter.” 8uch a pipe costs from 5s. 
to £1, according to the make and finish. The 
tulx> is pierced by seven holes — four large and 
three small. In the mouthpiece joint is situat-ed 
Ihe double reed, over which is screwed a wooden 
tul)(‘ or cover, tapering almost to a point. Place 
this end in the mouth, and blow. The breath will 
cause the reed within to vibratt' and produce the 
tone of the open note. The melody scale of the 
bagpipe is confined to seven sounds. Formeily, 
thi^se had separate Celtic names, by which alone 
they were known. To-day, although they are 
not (juitc' in tune with our scale, they are repre- 
sented by the notes which run from G on 
the second line, treble clef, to F, 
on the fifth line. This compass 
may appear exceedingly simple ; 
yet, although there are no sharjis 
or ii ils, the wonderful way in 
which melodies are embroidered 
by a wealth of grace notes 
dexterously interpolated neces- 
sitates long and persevering 
study before the instrument can 
be mastered. 

Hand Position* Beginning 
with the practising chanter, 
detached from the bag with drones, place 
the fingers of the left hand uppermost so 
as to stop the three top holes. The first, 
second, third, and fourth fingers of the r'ght 
hand cover the lower holes. The latter fingers 
must be placed well across the chanter, so that 
the smallest easily stops the lowest ventage. 
Whereas in flute, clarionet, and hautboy playing 


the tips of the fingers and a very light surface 
touch is used, in Scottish bagpipe playing this 
is not the case. Do not stop the holes with the 
finger-tips. Cover them by the fleshy part of 
the finger l>etween the middle joints. Keep the 
thumb exactly under the right second finger to 
give proper leverage for the digits above. Place 
the left thumb on the hole at the back of the 
chanter, the left first, second, and third fingers 
stopping the ajiertures above. In playing, the 
fingers must not be curved, but must fall rigidly 
upon the holes without iTcing bent. 

To make this action more emphasised, raise 
each finger high above the chanter so that, ae 
it descends, it may give a re])ort without the 
assistance of the breath. I^ater on, w^hen the 
student gets facility in the playing of grace 
notes, and the fingers have to mov^e rapidly, the 
endeavour should be to make them fall on the 
pipe with the strength of small steel bars, so that 
when each finger is lifted it may be taken away 
cleanly, in order that every note may be dis- 
tinctly articulated. Therefore, in practice, 
exaggerate the finger movements at first. Lift 
each digit stiffly as high as possible, and bring 
il down with foree. Movements should all 
be from the knuckle joint. We give a repre- 
sentation of the c'hanter, showing the reed, and 
another with the reed covered for jiractising 
purposes [2|. To the latter is appended a repre- 
sentation of the way in w^hich every note in the 
scale is obtained in the fingering, dosed notes 
are marked by an opaciue disc, and open notes by 
a circle. The top G and A, it woll Ixj observed, 
have alternate methods of fingering. 

Fingering. This method of rigid playing 
may Ite painful at first, especially wnth the right 
thumb held tightly under the 
second finger. But it must lx* 
kept there, well dowm, to give tly* 
low^er fingers their requisite power. 

Now put dowTi all the fingcr-» 
and sound the low^ G, counting 
four slowly. The little finger must 
, cover the bottom hole cleanlv. 

1. THE SCOTTISH blow the A, count- 

PIPES jjjg beats slowiv. Lift the 

6. Chanter r. d. r" dZ'Jb '’’o"' 

(MaUillonAC'o.) keeping correet time. Lift the 

second finger and blow^ the C in 
the same manner. To get the D, lift the first 
right finger and put dowm the little finger on 
the bottom hole. For the E abov'e, raise tin* 
third left finger, and, simultaneously, the little 
right finger, whilst the first, second, and third 
right fingers are brought down. If this is not 
done cleanly, the note A will be heard to sound 
in between, and the effect will be spoilt. Bo 
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very particular, therefore, to make the change 
correctly, and repeat the notes D and E until the 
Jesuit is satisfiictory. To get F after the E is easy, 
as the same lingering is used, except that the 
wTond left finger is raised. But, to get the G 
after the F nevds almost as much care as changing 
from D to E. In putting back the second 
linger of tlic left hand and raising the first, they 
sliould just pass each other, so that no inter- 
mediate sound is htaird. For the A above the (i, 
remove the left thumb. Another way of producing 
tlu' same note is to leave ojJen the thumb-hole 
and first and second vents as well as the bottom 
hole, stopping the third, fourth, fifth, and sixth 
holes respectively with the third left finger and 
first, second, and third right fingers. With this 
fingering, the top G can also be sounded by 
closing the thumb-hole. 

The Grace Note. A grace note means 
an emljelJishment, or ornament, to a tune which 
is being played. Although it is not essential to 
the melody, it invests Scottish bagpijH* playing 
witli a distinctive and peculiar charm. Great 
jilayers please themselves as to the way they 
introduce such embellishments, and some pipews, 
b(‘tween the host ’i])-beat of one bar and the first 
d')wn-bcat of the next, will execute distinctly as 
m.uiy as eleven grace notes. These are called 

warbleiN," and are said to resemble the 
^\arbling of birds. It is important, thertdore, 
for the lx‘ginner to acquire, by diligent practice, 
the ability to execute shakes, double-cuts, and 
other graces, before attempting to play tunes. 

Ik^ginning the scale again, introduce, before 
c*<u*h long sound, the first grace note, or to]) (f. 
This IS effected by raising, and putting down 
<shar])ly, the first left finger on the top hole, 
leaving all the other holes meanwhile closed. 
This will give, first, the G grace note, an<l then 
the full low G note. The grace note should 
always be of the shortest possible duration, 
Aftei the low (f has l)ecn sounded, take off the 
right little linger and the right third finger in 
succession, so as to blow the A and B above 
steadily. Next, let the toj) G sound precede 
the second note in the scale. A, by raising tin* 
fir>t right fing<*r, and, while doing so, dropping 
the third finger into position for the low A. 
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Bringing the first finger down smartly will sound 
the G as l>eforc, the low A immediately following 
it. Then raise in succession the second and third 
fingers to finish the triplet consisting of A, B and 
G. Again, raise the grace note, dropping at the 
same time tlie second right finger, to produce B. 
Stopping the top hole with the first linger smartly 
Avill give the grat'e note, and lifting the siH'ond 
and first right fingers will sound the and D 
above, provided the little fing<‘r is put do^vn for 
the latter note. 

The next trijilet requires special attention. 
Kais(‘ tlu‘ grace note, putting back the first light 
finger for G, and lifting the little finger. Then 
bring do\^Ti the first left finger for the grace note, 
and sound the G, raising the first right finger and 
putting down the right little tingm* for D, and 
then dropping the first, second and third right 
lingers and lihing the little finger as well as the 
third left linger to give E. This must be prac- 
tised until the sounds come smoothly. Again, 
raise the first left finger for the grace note, bring- 
ing the right fingiws into position for D. Then 
jmt down the first linger smartly to sound the 
top G ; drop the first, second and third left 
lingers and raise the little finger, together with 
the third right linger, for E, raising next the 
second left finger for F. Take care, in the 
finger changes, that they are made with precision, 
so that no A may sound in betAvoen. Gou])le the 
top G with the E by raising the grace note and 
drojiping the second left finger. Then put down 
the grace note smartly, sustaining the E, follow- 
ing this by the F, by raising the second left 
finger, and the G, by taking off tlu^ first left 
finger and putting down the second. 

We have now arrived at the grace note itself. 
To couple that with the F below is scarcely 
possible, so tlu* A grace note takes its jilacc. 
To get this, raise the left thumb and close the 
holes smartly. At tlu* same time, dcjircss ilu* 
first left finger and the first, second, and third 
right fingi'is for F. Repeat the sound G. Then 
raise the thumb for A. If tlu'se instructions arc 
followed this exercise will be found less difficult 
to execute than appears at first sight. [Fx. 1.] 

The “ High A ShaRe.” Having learned 
to inter])olat(* one grace note before each ti’iplct 
without disturbing the steadiness of the latter, 
proceetl to mast(‘r the introduction of tAvo grace* 
not(?s by coupling, with the G, tlu* high A. 
This is called the “high A shake.” The G 
fing<*r, as wc huA^e seen, is the fiist left fingei'. 
In like manner, the A is given by the left thumb 
pas.sing AAoth a smart upward moAa*ment oa^ci 
the hole in the back of the chantei-. (ire.at 
care must be taken before sounding high A 
folloAving a Ioav noU* not to put down this right 
hand belon* the left is raised. Now depress all 
fingers for low G and then prepare for a long to }> 
A by raising the first and second left fingers, 
the little right finger, and uncovering the thumb- 
hole. Before sounding this, interpolate the A 
and G grace notes by smartly closing the thumb- 
hole and the top hole rapidly in succession, and 
immediately opening them again. In the same 
way sound the low A by stopping all the holes 
except the bottom one and preparing for the 
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top A, as before, preceding it by the two grace 
notes. Then sound the B, the C, and D, in like 
manner, always preparing for the long A which 
follows, making aU movements emphatically 
and cleanly ; otherwise the effect will be spoilt 
by a wrong sound coming in between. [Ex. 2.] 
Having doubled the high A with the G in 
between, the student must now double the G, 
with the F as the passing note. The way to join 
the grace note F to the grace note G is learnt 
by practising the “ high G shake.” Tt will be 
seen by the diagram that to produce the F and 
G at the top of the treble clef, the first, second, and 
third right fingers are down for both notes, as 
well as the left thumb, but that the first left 
finger is down for F and the second left finger 
for G, all other holes being left open. Yet the 
G here is not fingered according to the scale, as 
the whole of the left hand, except the thumb, 
is raised. For the G shake, therefore, raise the 
first, second, and third left fingers as well as the 
little finger, striking the top hole of the chanter 
smartly with the first. Between the two G 
strokes the connecting F will sound. Practise 
in this manner the high G shake from the low 
G to the F above. [Ex. 3.] 

Doubling the Notes. Having doubled the 
G with the F, sounding the top G twice, endeavour 
now to sound the top F twice, interpolating before 
it the three grace notes, G, F, G, by raising the 
first, second, and third left fingers, always keep- 
ing the right little finger up. Put down the first 
left finger smartly, raise it, and put it down 
again. This repeated stroke by the first left 
finger gives the G, F, G shake and the sustained 
F to sound the long note. The beginner must 


work day by day to get the F shake cleanly, 
linking it with the other notes of the scale from 
G to E, and then with the top A. [Ex. 4 ] 

Having doubled the A, G, and F, now practise 
to double the E. The “ E shake ” consists of 
the grace notes G, E, and F linked together. 
This is done by raising smartly the first and 
third left fingers, keeping up the right little 
finger. Bring the first left finger down. Then 
raise the second left finger and put it down also. 
See that the first is down l>efore the second 
is raised. Before beginning the shake, always 
sound the first note of the group. Now blow tho 
low G with all the fingers down. Remove the 
left fingers. With the thumb strike the octave G 
above. Keeping it down, slip the first finger 
over the top hole, raising the second finger and 
bringing it down smartly for E. Take off tho 
E finger immediately, and strike the top hole for 
the F, repeating the E. The shake needs, of 
course, careful practice before it can l>c done 
with facility. [Ex. 5.] 

The I) shake consists of linking togetluT 
quickly the low G, D, and C befoie the second 
I) is sounded. Close all holes on the chanter, 
then raise smartly the first, second, and third 
fingers to get the D above ; strike the first right 
finger for the C, and then sustain the D, keeping 
the little finger dow'ii. [Ex. 6.] 

The Grip. Wliat is know'ii as the “ grip ” or 
“round movement” is the alternation of low 
and high notes, preceded by appoggiaturas. the 
first sustained note lieing dotted. Now' the student 
who is familiar w^ith musical theory may bo 
reminded tliat a dot or point placed after a note 
increases its duration one-lialf. The next note 
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being diminished in proportion, the effeet is 
generally staccato, or, at least, semi-detached in 
a fairly quick passage. In Highland music, the 
interpolation ot grace notes gives a swing or 
jumpinesh to a melody difficult to describe : 
and in reel playing, unless the fingers have been 
trained to put tlie grace notes in neatly, the 
entire idea of the “ snap ” is lost. Now endeav- 
our to get a long A, preceding it by top G, and a 
Jong I) and E. preceding them by two bottom 
(J's. This gives tne so-called “round movt‘- 
ment *’ Prepare the fingers for A, and, imme- 
diat(‘ly before sounding it, strike with the first 
left finger for top G. Prepare for D. Close all 
holes of the chanter for low G, and strike the I) 
finger smartly, lifting E with the little fingei. 
Here, although D is written as a plain note, it 
is played as a grace note. [Ex. 9.] 

The Double Cut. What is known as 
“the double cut ’’ has often n startling effect if it 
is executed quickly and smartly. It frequently 
occurs in the qiiii kest of all linger movements, 
but must lie practised by the student in slow 
time at first liefore the knack can be acquired, 
(•"fjecially uitliout the assistance ol a master 
vhose playing can lx* imitated. All the Jiest 
}>layeis ba\e practised indu^'triously on the 
chanter until they have drilled themselves suffi- 
ciently to execute almost any combination of 
giace notes automatically. We give heie an 
cxam])le of the double cut. [Ex. 7.] Tried on 
the ])ianofort(*, this illustration does not convey 
the piojier intonation of the chanter, the scale (,i 
the latter instrument not being in equal tempera- 
ment. In other words, the intervals between 
P and D, and E and G are natural on the bag- 
pi and the same as the old Arabic and Peisian 
scales: whereas, on the piano, to w^liicJi our ears 
aie accustomed, they have lieen artificially 
temi»ered. So, when musicians say that the 
bagpipes are out of tune, it is their ears whicli 
are at fault. 

Attitude* It is now time to consider the 
instrument as a whole. Attached to the bag, 
live tulxih will be observed. These are, first, tlie 
blow -pipe ; secondly, the chanter or melody pijie ; 
thirdly, fourthly, and fifthly, the long and the 
two shorter drones. Place the bag under tlie 
left arm. Throw the long drone over the left 
shoulder, and let the two shorter ones, connected 
by a ribbon, hang dowm fan -fashion. Place the 
Jilow-pipe in the mouth, and blow out the bag 
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till it is full, keeping the lett arm pressed 
firmly on it, so as to have the chanter and 
drones going when pausing to take breath. 8o 
teed and press the bag that an equal current of 
air is maintained wlien a piece is played. Instead 
of the breath acting immediately on the chanter, 
as in the preceding exercises, the melody pipe, 
held by both hands, is now fingered lower down, 
as it is fed with wind from the bag. 

In Ix^ginning to “ wind ” the bag, the student 
may hold up the drones on the left shoulder with 
the right hand. W^ith his left hand, he must 
stop the thumb-hole and the first and secontl 
vents. The bag can then be blowm out full, and 
))laocd under the left arm. 'JV'O drones ought 
to Ik' stopped, and only the smaller used at 
first, until the beginner, by alternately blowing 
and pressing, is able to keep tlie wund steady. 

Tuning. The player tunes his instrument 
to A by closing all holes in the chanter excepting 
the lowest. Check the low A with the octave A 
above. If the tw'o sounds are correct, the chanter 
reed is all right. If it sounds fiat wfith the long 
drone it must be made to agree. The reed will 
Ix' heard vibrating very (juickly if it is w^iong. 
Shift the joint ot the drone >)v pulling th(‘ tuning- 
string back or forward till th(‘ inilsations get 
blow^er and become steady. Ddlcrent players 
tune the drone-stocks in various ways. Pipe- 
Major Glen recommends, in some cases, all the 
drones being tuned to A. Henderson pi'cfcrs the 
big drone being tuned to E. Other players 
set the drones to G, D, G, and G, D, A, giving 
the tonic and dominant drone bass. Always let 
dowm the reed if too flat, or raise it if too sharp. 

Particular care should be taken in adjusting 
the reed of the chanter, beeaust' Uk' slightest 
alteration may make considerable diff'erenee to 
the pitch. Having closed the two longer drones, 
the student should now practise the (*xereisos ho 
has learnt, with the smallest drone. When these 
are performed satisfactorily, the whole three 
drones can be set going. The point is, when 
playing, always to keep the bag tight, or fully 
distended. Amy good piper will affirm that the 
body of the instrument is remarkably sensitive ; 
when in order, it will respond to very gentle 
pressure. It stands to reason, then, that if 
the skin is allowed to get hard and dry, its 
elasticity, or sensitiveness, will be gone. It will 
neither fill nor empty itself readily, nor answer 
to the wishes of the player, so that notes will 
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be missed and the performance unsatisfactory. 
If, therefore, the pipes have not been used for a 
while it is the custom in some Highland regi- 
ments, the day before a march out, to prepare 
the instrument in this manner : Take off the 
cover of the bag, and cork the drone-stocks 
tightly. Mix three tablespoonfuls of treacle with 
two tablespoonfuls of water. Pour this into the 
bag, and hang up the instrument so that the 
liquid runs out through the chanter stock. If this 
is done overnight, by the morning the contents 
will have percolated through the tube. The per- 
former will feel, when his arm presses the 
bag, that after this treatment the response of 
the instrument is delightful. 


Progressive Practice. Considering the 
work there is in the manufacture of a set of 
Highland, or military bagpipes, the cost, (*om- 
pared with that of many other musical instru- 
ments, is small. A full set can be obtained from 
£5, and sometimes loss ; and what are known as 
half-size, or reel pipes, suitable for a drawing- 
room, can be obtained from about £3. The 
student, having practised the preliminary exer- 
cises on the full instrument, should now proceed 
to Icam simple tunes. Such music can be pro- 
cured from the Highland Pipe Society, l.>4, 
Oxford Stre^et, London. Pains should always 
be taken to play at first slowly and correctly. 
If a difficulty is encountered which needs 
much repetition, it is better to learn it first 
on a practising chanter, and concentrate the 
mind on the fingering. Steadiness in posi- 
tion should always be maintained, no matter 
how staecato the music which is performed may 
be. Valuable assistance in preserving correct 
time and a slow rhythm in practising can lie 
obtained by the use of a metronome. Playing in 
quick time will conic easily when correctness in 
slow' practice has l>cen 


mastered. In conclu- 
sion, WT give the first 
eight bars of the March 
of the Seaforth High- 
landers. [Ex. 8 .] 


Ex. 9. 



IRISH PIPES 

Here we have a much more elaborate and 
complicated instrument than the pipes used 
in Highland regiments. There are no wTit ten 
instructions for playing the Irish pipes to be 
found, either in Gaelic or English. In this 
respect, therefore, we are breaking entirely fresh 
ground. 

Union Pipes. The instrument was used 
originally for military purposes, each force 
being h‘d by a musician with bagpipes more 
than twice the present size, as the longest 
drone measured upwards of six feet. The other 
drone, instead of being spread out fan-fashion, 
like the Scots pipes, was carried over the left 
shoulder, close together, like a bundle of sticks, 
and the bag hung down in front instead of being 
placed under the left arm. Both of these features 
are preserved in the Irish pipes of to-day. The 
Union Pipes contrast with those of Scotland 
chiefly in three respects. First, instead of the 
tone being strident and warlike, it is mellow and 


fluty. Secondly, instead of being blown by the 
mouth, the bag is inflated by small bellows. 
Thirdly, the compass is not only more extensive, 
containing 25 semitones instead of 9 notes, but 
the drones are furnished with keys capable of 
giving an accompaniment of varying harmonies. 

Position. Place round the neck, over 
the right shoulder, the broad strap which 
8ui)port6 the instrument. Tuck the bellows 
under the right arm so that the elbow may work 
them easily. When the performer stands to 
play, these bellows are kept up conveniently by 
placing a walking-stick underneath them. The 
bag, then, is suspended in front, well up, and 
inclined to the right, so that it can be easily 
supplied with wind. Below the bag hangs the 
chanter. Hold the lower joint of this with the 
fingers of the right hand. The Irish idiom 
“ More power to your elbow ” refers to the play- 
ing of the pipes, because both elbows have 
important duties. Whilst the right elbow must 
pump the bellows steadily, the left manipulates 
the top keys of the cronan, or drones. 

With so much work to do, the most convenient 
position for the performer is, obviously, to be 
seated. In that ease, the bag is nursed in the 
laj), and the butt, or socket, of the cronan comes 
well under the chanter, resting on the left 
thigh. The chanter itself is inclined to the 
left, and the drones, which are all close together, 
project in an oblique direction over the left 
shoulder. The left hand is placed on the 
socket of the drones in such a way that the 
forearm and elbow can press down the upper 
keys. But the low(*r keys are negotiated by 
the right wrist, or the right lingers when th(‘ 
latter are not needed for the ehant(‘i. So the 
right fingers cither stop the bottom holes and 
keys of* the chanter or the bottom keys of the 
cronan, the wrist othcrw'ise negotiating the 
latter, while the right forearm presses the hag 
wffien needed, and the elbow pumps the hollows. 
The left fingers manijmlate the top holes of the 
chanter, the left forearm, as w'(‘ll as the ('Ibow, 
being used for the levers, or keys, of the cronan. 
The regulators, or cronans, are ('ithcr tw'o, 
three, or even four in number. They fit into 
a large circular socket or tube, much in the 
manner of the Chinese “Tcheng.” 

The Tone. Those who have heard this 
instrumt'nt played in Sir Villicrs Stanford's 
opera, “ Shamus O'Brien,” will know^ that the 
tone of the Irish pi])t‘s is entirely unlike th<‘ 
Scottish. The upper notes have been compared 
to the flute and the low'cr to the cli.iliimeau of the 
clarionet. The smallest Recordin' was pierced 
in olden times, like the Irish (‘banter, wnth 
eight holes, seven in front and on(‘ at the back 
for the left thumb, the thumb-hole being the 
most important h'ature. In tuning, the reeds 
of the Irish pipes, should the vibrations be too 
strong, must be subdued by the application of 
a little melted wax. 

The Chanter. The chanter is cylindrical, 
and of greater length than in the Highland 
instrument. An important point is that it 
is tuned to the modern scale m equal tem{)era- 
ment. Instead of the lowest note being G 
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(below second ledger line, treble clef) to the 
(X*tave alK)ve, it extx^nds from 1) below staff to 
D above second ledger line, or 1 wo octaves, with 
all the intervening semitones. These are made 
practicable by the keys, the usual chanter 
having eight of the latter. So the compass is 
that of the ordinary eight -keyed D flute, the 
ringering of u hich is given with that instrument. 
When notes are required in the higher register, 
the right forearm exerts extra pressure on the hag. 
The knack of doing this can only be acquired by 
the student stopping the drones and practising 
the chromatic scale very slowly, both ascending 
and descending, until the tone is given corrt'ctly. 
In any case, mastery over the chanter must lie 
obtained in playing melodies correctly before 
a harmonised accompaniment is attempted 
with the cronan. 

The Cronan. Even as the uord 
“ chanter *’ implies “ singing ’ the tune, so 
does “ cronan mean “ crooning,*’ or droning 
a chorus to the air. Generally speaking, the 
cronan are two tul)es placed laterally together, 
so pierced as to produce thirds at the upper 
and fifths by depressing the lower levers. 
These levers are worked, as far as possible, 


left elbow press down the lever furthest from 
the stbek, or socket. This in an instrument with 
three cronan will give G below second ledger 
line, treble clef. Got the elbow over the second 
lever, so that both upper keys are depressed. 
The result will be A. With the right hand 
depress the third lever. Tliis will give B. 
Finally, with the right wrist, press down the 
fourth lever. The sound will be Now 

]ui!l the valve to shut off the sound in the long 
tulK‘, and open the valve of the second, or 
medium, regulator. Working it in the same 
way, when the top lever is down I) below 
treble staff will sound ; whe’" the next lever is 
down the result will l>e F When the third 
is depressed the note given will be G. With 
all four down the result is A. 

In the same manner, try the shortest dron(\ 
Tliis usually lias five keys, and therefore gives 
six sounds, the deepest being that when all 
the levers arc down — namely E, first line, treble 
clef. Putting dovra the top lever with the 
elbow, the result is Fj, first space, treble clef. 
Pressing down the next, together with the first, 
(i is obtained. Getting down the three together, 
the result is A. Pressing down four, the sound 
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With the AVI 1st ui the light hand. The longest 
tube givTs the drone bass. This can be shut 
off at w'lll by means of a vhIat, so as not (o 
interfere with an accompanying harmony foJ 
Avhich it is unsuited [Ex. lO). 

In a typical in.strument have handled Asitli 
thiw regulators, or drones, the longest gives tlx* 
l<jiir-fool F, w'l'itten on third ledger line heloAV 
tieble clef, a semitone beloAv the loAACst note on 
the Aiolin, which shares the musical honours in 
lu.^tic Ireland AAith the bagpipes, so that both 
instruments can he played together ; and, 
moreover, before the piper starts, he invariahK 
lune> the reeds of the cronan to the same note 
as the fiddler— namely A. The second rc'gulator. 
being not quite 2 feet, produces, as its lowest 
note, (' ^ beloAV treble staff ; and the shortest 
regulator, aliout a foot and a half long, gives, 
as its loAvesl note E, first lim*, treble clef. 

If the in.stuim<mt Avhieh the student possesses 
hc.s only two regulators, he must ascertain their 
ii(»tes for himself; but the reeds should always 
l)c* tunwl to A. It may be helpful if the cronan, 
to w'hieh we haA’e nfferred, are described. TJie 
longest luis four brass levers, or keys, closing as 
many holes. First, inflate the bag. and with the 


is B. With the whole five driwn, the result is 
third s]mec. treble clef. Thus it w’ill ho 
seen that witli a litth' practice it is possible*, 
to get all parallel ke'ys, from tlie top down- 
wards, depn^ssed simultaneously. The two 
lowTSt notes of the two longest drones are in 
fifths. Then Ave Iuiax* three consecutive sixths, 
Avliilsl tlie two shorter tubes give* two con- 
secutive thirds, a second, and three e-onseentivo 
thirds. 

If the elboAV places doAvn the to}> leve'r 
e)f the longe*st and me*dium rcgulateirs and the 
two top levers on the shortest regulateir, G, 
L), and octave G aviH sound simultaneously, 
giving a rough temic and dominant drone bass 
to the bottom I) of the chanter. Put down 
the tA\e) u])j)or levers on the lonLxst anft medium 
regulators and three on the shortest. I’lu* 
effect AAill bo A, Fi, and octave A, or the 
common chord of T). Pnt dowm the threes 
upper levers on llu* long tubes anil Ibui' on th(‘ 
shorte.st. This will give B, G, and B, or tlie 
lirst inversion of the common cliord of G. If 
all the levers on the three cronan are doAvn, the 
result Avill be GJ*, A, and CJ above, or the first 
inversion likewise of the common chord of A. 
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MORSE SOUNDER AND RELAY 

Group 10 

TELEGR)iPHS 

The Simplest and Most Popular System Oi 

5 

Telegraphy. Wheatstone’s ABC System 

ContinuMl fiuin page 4l)()4 


By D. H. KENNEDY 


'T'HE single-current key a\ms deseribed on 
^ page 4383. 

The student who lias read the description of 
the sounder, given on page 4383, should also 
refer to Professor Thompson’s explanation of the 
principle of the electromagnet, given on page 502. 
It now remains only to add that the two coils 
are wound to a total resistance of 20 ohms. The 
two inner ends are connected together, and the 
two outer ends carried to the terminals. The 
resistance of the electromagnet is therefore 20 
ohms. The current required to work a sounder 
is 00 milliamperes. 

In the wooden base of the sounder there is 
inserted a 500-ohm resistance coil (see j>age 700 J. 
Its ends are brought to the brass terminals, 
so that it is in parallel with the coils of the 
electromagnet and their joint resistance is 
19-2 ohms. Fig, 26 shows a complete sounder, 
and 27 its separated j)arts. 

Ther(^ is a moie recent pattern of sounder 
in which the resistance of the electromagnet 
coil is 21 ohms, and the shimt 440 ohms, making 
a joint resistance of 20 ohms. The resistance 
coil is introduced to provhh* a path for the high 
voltage induced secondaiy current which is 
generated at the instant when the circuit of the 
tjlectromagnet is opened after being energised. 
In the absence of such a path, injury to the 
relay contact points results, ouing to (‘xcessive 
sparking. 

The function of the galvanometer was (‘X- 
l)lained on })age 4006. It is now necesbary only 
to add that except for its external appearance 
the single-current galvanomct(‘i’ is practically 
the same instruimnt as the receiving portion of 
the singh* needle. It is usual in joining up these 
instinmcntp to form a direct working sounder 
set, to .onncct a live-ohm resistance coil in 
parallel with the galvanometer. This is done 
b..oause tlu‘ cuirent roquiicd to work the 
galvanometer is only about onc-sev^enth of that 
necessaiy for the sounder, and the introduction 
()1 this shunt reduces the total resistance of the 
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circuit, and thus tends to reduce the number 
of cells required for battery power. Fig. 28 
is a diagram of the connections. 


The student must take pains to become 
thoroughly familiar with it because from it we 
shall develop more complex cases. He should 
sketch it out as showm in 29. 

This will enable him to see clearly how the 
key scc-saws between the sounder and battery 
connecting either one or other in the circuit. He 
should note how the line is arranged at each 
station. Then he should follow the patli of a 
received current, and number the terminals I to (1, 
as shown. 

If these numbers and terminals are carefully 
memorised they form a mnemonic base on w^hicn 
tlu' more complex sets can be built up. 
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The Relay. Direct sounder woiking is 
used only on suburban circuits. As soon as 
the distance becomes cwisiderable it is necessary 
to use a relay. The difficulty in woiking on long 
lines is not due merely to the increased resistance. 
This could be met by either increasing the bat- 
tery power or suitably inert'asing the dianuder 
of the conductor, though neither of tht*sc are 
desirabh' expedients, 'i'he greater dilliculty 
is due to the leakage' of cuiumt which takt's 
]>lace. leakage not nunely from line to t*arth, 
but also fnun one lin(‘ to another. Altcm2)ts to 
treat tliis by increasing the battt'ry power 
uKTcly aggravate the trouble, and it is found 
best to work with the smallest practicable cur- 
rent. The soundei’, v\hich requires what, in 
telegraphic practice, is a v’cry heavy current, 
is thi'relore removed from 1, 2, and its place 
taken by an ('k'ctromagnet built on much more 
delicate lines, and only requiring about one- 
sixth of the sounder’s current. Tlie sounder 
and a local battery are then connected to the 
armature of this relaj/, as it is called, so that 
w'hen a ciirnmt affects the relay, the relay closes 
the circuit of the simnder. This is shown in 
principle in 30 , which represents the relay in tlu^ 
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line circuit, and the local sounder worked by a 
local battery and actuated every time that the 
armature of the relay moves from 2 to 1 under 
the influence of a line signal. Early types of relay 
were designed.on the same lines as the sounder, 
but improvements in design have evolved much 
better forms. 

In the sounder we notice that the magnetic 
field developed by the current must be strong 
enough to overcome the tension of a spring, and 
moreover that just at the jx)int where we require 
the maximum force to begin the movement of 
the armature, the magnetic force is at a minimum 
OAving to the large air gap. Out of a consider- 
able number of modem forms we need describe 
only the Post Office standard relay. Like the 
soimder, it has two 
coils of bilk-covered — , 

copper wire, but 
they are much 
longer, and are not 
connect (h 1 by a 
yoke at the bottom. 

Its absence reduces 
the electromag- 
netic inertia of the instrument and therefore 
tends to greater ranidity of action. 

The cores of the eoik are of carefully annealed 
soft iron, and they are provided at each end with 
soft iron jx)le-pieccs, as shown in 31. 

Two armatures are provided, one playing 
between the up|>er pair of pole- pieces and one 
l>etween the lower pair. They are, how^ever, 
rigidly attached to the vertical axle, which also 
cames the contact arm or tongue, made of 
German silver and tipped with platinum, A 
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is not needed in the relay, because, by placing 
the armatures so that they are normally nearer 
to, say, the left side, we produce what is called 
a magnetic bias. The side with the smaller air 
gap has the greater magnetic flux. The arma- 
tures are therefore adjusted so that normally 
they lie to the left. Under the influence of a 
signalling current, they move over in the direc- 
tion of the right side, but the movement is 
limited by the “marking” contact screw, so that 
the centre point is not passed. When the 
signalling current ceases, the armatures return 
to the left, under the influence of the magnetic 
bias. 

The end of the tongue plays between the two 
contact screws S (spacing side) and M (marking 
side) [33J. These are attached to a little ebonite 
platform, which is in turn attached to a biuss 
cr rriage sliding in a slot in the brass table which 
covers the coils. Under this brass table a spiral 
spring, Q, is fixed, and connected to the contact 
carriage, so that it tends to pull it to Ihe left. A 
vertical brass lever lias its top end connected to 
the contact carriage, so as to control its movement. 
The bottom end of the lever lies against the end 
of the adjusting screw, A. The position of the 
carriage is therefore adjustable by turning A. 
This determines the magnetic bias. The only 
other adjustment is the “ play ” — that is, the 
distance betw^een the S and M contact 
screw^s. It should be noted that in connection 
with the latter there are small blue check 
screw^s, whicii have to be slackened before any 
adjustment can be made, and tightened after- 
wards to pi’oserve it. Each coil of the relay is 



When the armatures are midway between 
the pole-pieces, they are in a position where 
there is what may be called unstable magnetic 
etjui/ibrium. Two sets of forces are acting on 
them, tending to pull them over to one side or 
the other. If, now% a current be sent through the 
coils, this delicate balance is upset, because the 
lines of force due to the coil’s field act so as to 
increase the force acting on one side, and to 
decrease the force on the other side. To illus- 
trate this, the parts are distorted and laid out 
flat in 32. In the case of the sounder we saw 
that the armature was maintained in its normal 
position by the tension of a spring. This spring 
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that if a current be sent through one coil from 
u to D, and an equal current through from 
® to (S), the armature will he unaffected. From 
this fact this method of winding is called differen- 
tial. There are two forms of relay, alike except 
in resistance. In the A form, each coil has a 
resistance of 200 ohms, making 400 ohms in 
series, and 100 when in parallel. In the B form 
each coil has 100 ohms resistance, and so wo 
have 200 ohms in series, and 50 ohms when 
joined in parallel. Fig. 34 gives a diagram of a 
sounder circuit with relay. It will be observed 
that the relay takes the place of the sounder 
at 1, 2. Fifteen to twenty milliampores is 
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the usual working current. Small Daniell cells with his right hand a small crank. Normally, 

are employed for the main battery, and large the needles of both sending and receiving instru- 

Daniell cells for the local battery. ments are at +. The generator is not connected 

Printer OP InKwriter. Fig. 36 is a diagram to the line, even when the generator handle 

of the connections of the printer, or, as it is is revolving, until another key, say D, has 

sometimes called, the direct writer. It was been depressed, and the sending pointer moves 

illustrated and described on page 4383. The round from + to D. It is only during this 

galvanometer (30 ohms), the receiving coil intcrval—z.c., uhile the centre pointer is moving 

(300 ohms), and the key are mounted on one round that the generator is joined to the line 

base, which also serves to carry the slip roll. wire. It sends out a series of positive and nega- 

8mall Daniel! cells are usually used on printer live currents, one current for each letter passed 

circuits, the working current being about 17 by the needle. Immediately the needle reaches 

milliamperes. The slip should travel at 6 ft. D the geneiator is cut olf the line. At the 

to 7 ft. per minute. receiving end there is an electromagnet and 
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Wheatstone’s ABC. As already stated armatun' very similar in arrangement to the 

[see page 43841 the manipulation of thisinstiii- P.O.S. relay just desciibcd. Instead of a tongue, 

ment is very easily acquired. As a result, it however, there is an escapement wheel controlling 

at one time was rapidly coming into extensive the needle of the reeei\ing dial in such a manner- 
UK(‘ on private wires. The invention of the that for each current received the needle moves 

telephone, however, interrupted its career, and forw^ard one letter. The letter at which the 

its use is now mainly confined to small and needle stops is noted down by the receiving 

remote country post-offices, where the fact that telegraphist. 

only one wire is needed gives it an advantage For instance, to send the w^ord “ Do,” we 
from a financial point of view. should have : 

No batteries are used, the sending currents 
being generated by a small dynamo, power for 

which is supplied by the operator, wiio turns L.. j 

Covlinued 
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YY^HEX the man in the street speaks of a goods 

^ train lie has in his mind a train conveying 
either merchandise or minerals, and does not 
pause to differentiate between what really form 
t^^o distinct classes of traffic. To a certain 
extent he is warranted in confusing the two. 
For the purpose of classification, qoiKls are de- 
fined as anything entering the Railway Clearing 
House (Classification Schedules A, B, (\ and 
Xiimbers 1, 2, 3, 4, T). the basis of which classi- 
fication is their value or the cheapness with 
which the articles can be conveyed, vhile other 
factors that are taken into consideration may l 3 e 
summed up as weight and bulk, method of 
packing, and liability to damage. Further, the 
Clearing House “Rules and Regulations” only 
s]>eak of a “ goods train,” Avhich “ is understood 
to include all trams except those composed of 
coaching stock.” However, in practice, the 
mineral traffic is a thing 
apart, and it may be 
defined as covering the 
transport of coal, coke, 
iron ore, and patent fuel, 
while some companies 
also include in it granite, 
slag, and limestone — in 
short, tlic heavier and 
cheaper articles. The 
mineral traffic conveyed 
annually by the railways 
of the United King- 
dom now amounts to 
‘ir>o,()00.0{)0 tons, and 
this traffic consists 
largely of coal. 

Private Ownership of Waggons. 
The first railways were constnicted, like the 
f-auals, with the idea of the motive power and 
the moving or rolling stock Ix'ing supplied 
by the public. The railways were to be 
improved roads, for the use of which customers 
w'cre to pay tolls, and tlie large number of 
traders’ w aggons in use is a substantial reminder 
of the original idea. 

Formerly, private owners’ waggons w(*re a 
fruitful source of trouble and anxiety. A railw^ay 
company in building its stock has too much at 
stake to risk sacrificing efiiciency to economy, 
but the same conditions do not apply with 
equal force to private traders. In 1881, the 
Midland (Vnupany decided upon the new policy 
of becoming owners of nearly the whole of 
the waggons running upon their railway. Accor- 
dingly they obtained power to raise a large 
sum of money with which to buy up the traders’ 
waggons by teas of thousands, the object being 
to raise the standard of such vehicles and to 
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increase the safety of the line. Shortly after- 
wards, the Board of Trade intervened, by issuing 
a “ standard specification ” for ensuring unifor- 
mity in size, construction, and maintenance. 
Therefore private owners are compelled to build 
their waggons strictly in accordance with the 
standard specification, the provisions of which 
have been revised from time to time to meet up-to- 
date requirements. Further, before any waggon 
is aecepted for conveyance on its own w'heels, it 
must be examined and passed as sound by the 
locomotive or waggon department, after which 
a register plate, bearing the name of the company, 
the registered number, the date of registry, and 
the maximum load to be carried, is affixed to 
each side. The waggon is then free to work 
over the company’s or any other line of railway, 
the arrangement l)eing a mutual one between all 
the railway companies in the kingdom. As a 
result, to-day there are 
probably as many private 
owners’ waggons on the 
Midland as on any other 
railway. 

Varieties of Ve- 
hicles, All mineral 
w^aggons are open trucks, 
whereas merchandise 
waggons may be broadly 
divided into the open 
truck and what is 
variously termed the box 
mn, covered waggon, or 
cupboard truck. ’J’hcre 
is, in addition, a large 
assortment of specially 
fashioned vehicles for special purposes — namely, 
cattle trucks, fish waggons, refrigerator vans, 
gunpowder vans, ballast trucks, plate glass 
waggons, trucks for the conveyance of timber 
in long lengths [501, low-l)edded trucks, nick- 
nan^ed “crocodiles” [51], for transport of any- 
thing abnormally high or heavy, such as boilers 
and inac'hinery, and special “fender” waggons 
for straw hats and feathers [52]. The trans- 
portation of practically all merchandise and 
minerals in thi.s country is effected by the 
means of vehicles — open or closed — carried on 
two axles and four wheels, and having doors 
at the side adapt'd to cart level. The mineral 
waggons have, as a rule, a slightly larger 
capacity than those intended for merchan- 
dise, but some companies discountenance any 
difference, as they wish all their waggons to be 
interchangeable. The standard British merchan- 
dise and mineral waggon is the 10-ton open truck 
(a truck being described according to its capacity 
and not by its tare, which is the weight of the 
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vehicle unloaded). The open tniek began with 
one plank at each side, which has been gradually 
extended, with a view to obtaining larger loads 
combined with greater safety, to a height of 
from 3 ft. to 4 ft. Closed waggons are not so 
popular in this country 
as elsewhere. Then* is 
the difficulty of getting a 
franc into them, unless 
provided with a sliding 
roof, which in turn is 
liafile to admit wet ; on 
the other hand, they 
obviate the necessity of 
sheeting. Many com- 
panies are, however, eon- 
sid(‘rably increasing their 
stock of box vans, and 
the cubical contents of 
the new vehi(‘les, with which the sliding roof is 
abandoned, arc twice as large as those of the old 
ones. It is customary for railway companies to 
give their own waggons distinctive marks. For 
instance, the London and North Western mark 
is a wliite diamond, the Lancashire and Yorkshire 
a triangle within a circle, the North Staffordshire 
the Staffordshire knot, and the Groat Cential a 
star. The tarpaulin sheets of 
open w^aggons also are distinc- 
tively marked, as a safeguard 
against loss or theft. Thus, 
the ^Midland is a black sheet 
wdth an orange border, while 
th(* Great Western sheet is 
s(‘ored with ciossed bars and 
griffin’s wings. Lastly, every 
company has its ropes madi* 
up with dilferentljT- coloured 
strands, though tliis dis- 
tinction is not visible unless 
one of the standard f{*rrules 
affixed to each (*nd be lost. 

High^capacity versus Low*capacity 
Waggons. Luiing the last fcAV years a great 
controversy has been raging, and is still raging, 
relative to the desirability of increasing the capa- 
city of mineral waggons, llic average capacity 
ot these vehicles rioAV is 10 tons, and w’aggons 
larger than this are c’onsidered lugh capacity 
trucks. The exponents of the high-capacity 
w^agg >ns — a vague term, as it covers anything be- 
tween IT) tons 
and 40 tons — 
all t'gt*, with 
some truth, 
that owing to 
the low^-eapa- 
eity system, 

British rail- 
Avays are haul- 
ing considi’r- 
a b 1 y ni o r c* 
dead weight, 
capacity for capacity, than is the case in some 
other countries, notably America. Their line 
of argument is that the adoption of high -capacity 
mineral waiggons would considerably reduce the 
lor(‘going souieo of expense, and, at the same 


time, tend towards reducing the length of trains, 
liecause, given a uniform wdicel base, there 
would be fewer waggons. However, several 
technical difficulties stand in the way ot the 
adoption of larger waggons. In the first place, 
it must be remembered 
that all turntables, 
sidings, coal drops, weigh - 
bridgt*s, pit screens, etc , 
at collieries, stations, and 
w'harves, are desigm*d 
for the low- - capacitv 
w^aggon. The wholesale 
alteration of these ap- 
pliances and accommo- 
dations w’oiild be a mos^ 
costly business, while 
another olMacle is that 
in the majority of 
instances they do not even belong to the railw'ay 
eoinpanies. but to private traders, or corporate 
liodies, which could not be compelled to bear the 
expenses of the ch.ingi* 

(generally speaking, the traders are not en- 
.amoured of tlu* advantages claimed for the high’ 
capacity waggon. They fear damage to their 
small trucks when woikmg with larger ones, 
and they scent damage to 
minerals wdiile loading and 
]>cmg conveyed in the latt^T. 
Golliciy owners carefully guard 
agimst bre.ikage of coal, as 
tieedom from “small” en- 
hauc(‘s it-, s.ile. Th'*re can 
b(' no doubt that there is 
mueii g7‘(*ater risk of breakage 
in loading fu(‘l into large 
tiiuks, ami ako during its 
transit in the s.inie. Iron ore, 
again, is said to be depr('(‘iat(‘d 
in value wdien carried in large 
trucks, lor similar rf'a.sons. In 
tile ease of companies, like the Midland and 
North-Eastern, which prefer to own all the 
waggons running over their line, and also desire 
to make them inter(‘hangeable, th(* employment 
of two different sizes of waggons, for mevchandi^’C 
and mineral traffic respectively, is deprecaterk 
The higher the capacity of a w^figgon, the longer 
it takes to unload, as only one checker (an be 
employed at tliis end. Now it does not much 

mat ter w h a t 
length of time 
the unloading 
of m i n e r a 1 s 
0 (^eu])i('s, but 
the cast* is very 
diiTerent wlierc* 
goods are eon- 
e e V n e d, as 
su(*h consign- 
ments must he 
dealt with t'X- 
peditiously. Suppose a 4()-ton truck he fully 
loaded with goods, it would take many hours to 
unload, w hereas a 10-ton waggon can be disposed 
of within the hour. On the other hand, this 
loss of time Avould iirobahly be met to somo 
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extent by ))etter working. However, setting 
a'^ide the question of effecting interchange- 
ability, the crux of the probb m rests on the 
f;wt that in this eoiintry tliere are very few 
ea-ses which w’arrarit the running of high- 
eapacity mineral waggons — mucli less high-eajia- 
eity merchandise waggons. In eom])aring 
our methods with those of other countries, 
it must always be borne in mind that there are 
important restrictions liere which do not exist 
elsewhere. The indjustiial con- 
ditions of this country require 
small consignments and a “short 
haul. ” In America trains of 
fulh’-loaded 30-ton or 40-ton 
waggons arc despatched across 
the continent, and are not 
broken up until they reach their 
terminal. 

British Short Haul Con« 
ditions. A British mineral 
train rart‘lv travels for a greater 
distance than 2(K) miles, and the 
eoal consignments nil“ comparatively small. 
For example, it i^ estimated that on the 
Tyondon and North-Western SO jH*r cent, of 
the coal is carried in consignments of leas than 
20 tons ; and, accordingly, there w'ould be no 
economy in erajiloying 20 -ton waggons for the 
transportation of SO jn^r cent, of the traffic. 
Nevertheless, there are some ofxmings for 
high-capa'^'ity waggons. Coal jias^'ng in large 
quantities for locomotive use, and a regular 
traffic lietwxH.m specific ))()ints in eoal, ore or 
bricks can be convi y(‘d in 30-ton or 40-ton trucks 
with advantage. Several companies have built 
waggons of this description for those special pur- 
poses [53 j. When a waggon attains a capacity 
of 30 tons it must bt‘ carried on bogies. To sum 
up, it is unlikely that the agitation in favour of 
high-capacity waggons will succeed as its ex- 
yionents wish it to succeed, for the simple 
r(‘ason that the idea is based on economical 
conditions which do not prevail in the United 
Kingdom ; but the movement has been of great 
value by demonstrating that trucks of a moder- 
ately increased capacity — namely, from 15 tons 
to 20 tons, arc likely to ensure success, if the 
ehang(‘ be made gradually. The North Eastern 
Company now carry the major portion of their 
mineral traffic in four-wheeled waggons having 
a tare weight of 9 tons 13 cwt. and cap- 
able of carrjdng /^3 tons, while many other 
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companies are acquiring a stock of 15-ton to 
20-ton mineral waggons. Those waggons fulfil 
a want, and confirm the fact that a paying load 
up to 20 tons can be carried within reasonable 
dimensions on two axles and four wheels, and 
w'ith a tare in a ratio of only 2^ to 1, which are 
results equal to anything achieved with the 
larger bogie w^aggons. 

Either - side BraKes, and Auto- 
matic Couplings, In the technical equip- 
ment of goods waggons three points remain to 
be noticed. First, there is the question of pro- 
viding them with either-side brakes. Secondly, 
there is the question of fitting them with 
automatic couplings, which change, like the 
former, might any day be imposed upon the 
companies by the Board of Trade undtT the 
Railway Employment (Pi-evention of Accidents) 
Act of 1900. ft is alleged that the present 
coupling pole and coupling system J54J have 
caused accidents to some 20,000 railway ser- 
vants during the past 25 years The delay 
in enforcing this provision is due solely to 
the diffi(‘ulty experienced in finding suitable 
apparatuses. Hundreds of automatic couplers 
have been invented, but the genius 
of the inventor has gone unre- 
w'arded in so far as practical appli 
cation is concerned. Thirdly, 
the “ dumb ” buffer is doomed, 
although the date appointed for 
its final abolition is not until 
January 1st, 1910. The damage 
w^hich occurs in the shunting 
yards when these old, solid, dumb- 
buffered w’aggons are used in 
conjunction with those having 
spring buffers is very consider- 
able, and causes a vast amount of otherwise 
unnecessary repairs. Many acc'idents on the 
line can also be attributed to the use of the 
former buffers, and the decision to supersede 
them is viewed with groat satisfaction by all 
railway men. 

Definition of “ C and D ** Rates. 

The cardinal point of difference between 
the goods and passenger traffic is the very 
obvious fact that the former does not find its 
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own way to and from the railway, neither does it 
transfer itself at junctions. In the former case 
there arc two ways of dealing with the articles, 
either they are collected and delivered by the 
railway company, when they are charged 
“ C and D ” rates — that is, providing for the 
expense of collection and delivery — or they are 
brought to and from the terminal stations by 
the traders, who also undertake all loading and 
unloading. In tlie latter ease “ station to 
station rates are charged, and all station to 
station consignments are carried in full truck- 
loads, as far as possible. Cartage is provided 
for in two ways ; a railway company cither 
employs its own horses, vans, lorries, and men, 
or commissions an agent to carry out the whol(‘ 
of this work. 

The Cartage of Goods. The staff 
of the cartage department comprises the 
following : van boys, van drivers, stablers, 
van washers, van mechanuis, cartage super- 
intendents or inspectors, horse managers, and 
v(‘terinary surgeons. Van boys are employed 
only in large toums, where the police regulations 
do not allow vehicles to be left unattended, and 
gof)ds rim the risk of being stolen from the rear 
of the vehicle while in transit. In course of lime 
a van boy becomes a single-horse van 
driver, and is subsequently promot(‘d 
to the charge of pair-horse [551, llmn*- 
horsc, and four-hors(' t <'ams. In certa in 
districts, where very heavy and bulky 
articles Jiave to be handled, two men 
are sent out with ('aeli van, so as 
to assist one another in lifting tlie 
weights. Some companies call the 
second man a “ hook carrier,'’ as he 
is responsible for r(‘c<‘iviug moneys and 
getting the book signed, while his com- 
panion, the camian or driver, is in 
charge of the horses. ( \>in j)anies under 
taking their own cartage give the 
drivers and van 1k>>s uniform caps 
and ovei coats, in order to act as an 
julvcrtisemcnt and proti’Ct cuKtom(‘rs from 
fraud, while some conifianies compel their 
cartage ag<*nts to do likewise. 

In London and all big towns the major 
portion of the “0 and T) ’’ goods — that is, the 
orders, go through the companies’ n^ceiving 
oflfiee'- 'J he stalT of a receiving office comprises 
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an agent, clerks, and 
porters. On tb e other 
hand, in the country 
consignments (as a 
rule) are collected to 
oj’der at the con- 
signer’s premises and 
taken straight to the 
station. The employ- 
ment of self-propelled 
vehicles in the cartage 
department is di'alt 
with later. 

The Care of the 
Horses. The ear- 
men at small stations 
have to groom and 
stable their horses, 
and also to wash their 
vans. All this is, how - 
ever, done for them at important goods depots, 
where the numhiT of horses employed runs into 
hundreds and the stables, in eonsi'quenee, form 
a separate establishment. In the ease of depots 
situated in the heart of large towTis, the abso- 
lute necessity cf keeping the animals near 
at hand coinj^els them to be stalled on the 
upper floors of w’arehoust^s, in the 
arches of bridges, and even in subter- 
ranean labyrinths [56 1. Here there are 
a horse manager, who is entrusted wMth 
the health, care, and feeding of th(‘ 
horses (although lu' does not select 
what horses are to pull what loads) ; 
a veterinary surgeon, with hospital 
staff ; foremen horsdeeopers, each ot 
whom has charge of ten horses ; 
stablers ; van wash(‘j's ; and van 
mechanics, for t‘very van i.s over- 
hauled before making a journey, ^fore- 
ov(‘r, at these de})6ts tlu're is a cartage 
inspector, w ho is a salaried official under 
the station -superintendent or lh(‘ goods 
agent. It may he noted that cartage 
exigences necessitate the employment of ditfenait 
kinds of horses at different places. Thus, in 
London, good trolling horses are mainly 
r(‘quired, whereas in Liverpool strong draught 
horhcs to pull V(‘ry hoav’y loads at walking pace 
ar(‘ essential. The work in the metropolis is 
of .su< h an arduous character that souk* eoiii- 
panies relegate their horses to country stations 
after six ycjirs ot city w'Oik. 

All eom])anies \m\c horse hospitals, where the 
last word of veterinary vii^nee is jiraotised upon 
•the inmates Tlu* refinenu‘nts of the treat- 
ment include' the administration of oxygen 
inhalations to stimulate the action of a weak 
heart [57], wdiile for a^iplying hot fomentatieins 
the horse's logs are cmvelojK^d in •* bloomers " 
made of several thicknesses of f(*lt, and the 
‘•bloomers” are packed with hay which has 
been dipped in almost boiling water [58]. 

Consignment of Goods. Let us now' 
describe the procedure followed when a package 
or a consignment of merchandise charged at 
‘‘ C and D ” rates is handed to a railw'ay 
company for transit. 
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The consigaor iiUs in a document known as a 
consignineyit note, in which ho describes the 
consignment for classification rates, states who 
pays the cost of carriage — consigner or consignee 
— and signs the ordinary conditions of the 
Carrier's Act, })rinttKl on tlie back. There are 
sj)ecial consigninetit notes for special kinds of 
consignment'^, sucli as inflammable liquids, 
bullion and s|)ecie, explosives, damageable 
goods, etc. Oil arriving at the depot the 
carman drives over a weighbridge, which 
registers the weight of 
his load ill bulk. The 
reason for taking this 
weight is to turnis i 
returns of the tonnage 
entering and leaving tlu* 
yard, to prevent pilfering, 
and for the purpos(‘s 
of the bonus system, 
by which the wage.s 
of the eaniien are regu- 
lated. 

The Work of the 
Goods Staff Tile 
articles next ])avs into 
the hands of the work- 
ing goods staff, which includes the following : 
Indoor Workincj Outdoor Working 
Porters and ('iicckiTs Capstanmen 

Loaders or stowers Shunters 

Callers-off and Searehers Truck -markers 
Shed Foremen NimilxT- lakers 

Inspectors Ytird Foremen 

The carman gives his consignment notes to a 
checker. The latter ehecks the address of each 
consignment a^ it is communicated to him hy 
a caller-off during the unloading process, 
not<‘S whether or nut the package or article is 
in good condition, wciglis it, enters its weight 
on the i on-'igiinient note, and transfers it, 
together with the consignment 
note, to a portcT, with instruc- 
tions as to it.s destination and 
the waggon into which it is to 
be loadKl. A goods porter 
wheels the consignment to the 
appointed section of the shed 
or to where the pro|K*r waggon 
IS standing, and lic^re it is taken 
ov(‘r )>y the loader. 

The Science of Loada 
ing. There is considerable art 
in stownng or loading waggons. 

The consignments must he 
stowed in the sequence in which 
they are to l>e unloaded, and they must be distri- 
butcid evenly over the floor so as to ensure an even 
w (*ig})t on the bi^arings, otherwise the axles might 
run hot. An ex|x*ricnced loader will stow ‘I tons 
where an untrained man w'ould find diflSculty in 
storing 30 cwt. Further, in the ease of 0 |>en 
trucks, the goods must lx* packed so that when 
the truck is sheetiNi the whole erection will be 
ark-like in shape, thus allowing rainwater to run 
off. The loaders are responsible, first, for the 
safety, and secondly, for the size of the loads. 
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Invoice System* Meantime, another 

checker has added the number of the waggon 
to the consignment note, after which it is sent 
up to the invoicing or shipping ” office. An 
invoice is then prepared, showing the forwarding 
and receiving stations ; the number of the 
w aggon in w hich the consignment is loaded ; 
the point to which it is loaded; the route by 
w'hich it is to be conveyed ; the names of 
the consigner imd consignee ; the number 
and description of the packages, together 

with any marks (for 
some merchandise iu 
conveyed under speeifie 
marks) ; the w’ciglit, 
showing whether carti'd, 
non-eojt(‘d, or mineral ; 
the rate per ton ; tlie 
charge, whether it is 
‘■paid'’ or “to pay"; 
and any charges otlu‘r 
than those for actual 
carriage, such as ship- 
])ers’ fees, agents’ f(‘es, 
i‘tc., technically known 
as “ paid on," if it is to 
be cliarged forward. The 
invoice cither accompanies the goods tliemsclvi's 
by being handed to the guard of the train that 
conveys it or by being affixed to the waggon 
side, or it is sent by jiost. At any rate, tlu* 
invoice is supposed to reach the receiving 
station — that is, tlie station to which the con- 
sigmnent is loadid, by the time the goods 
arrive th(*re. 

The System of Loading and Trans-' 
ferring. The shed foreman is really responsible 
for the proper loading of tlu* waggons wutli 
safety, efficiency, and economy. He has to see 
that two waggons arc not used where one 
would suffice, and that before leaving tin* shed 
(*a^‘h waggon is properly sheeted, doors shut, 
and everything safe for it to 
liroceed on its journ(‘y. The 
shed foreman is the goods 
.gent’s deputy and right-hand 
man, hut at the more im- 
portant depots he has an in- 
s} lector over him. The system 
of loading goods is as follows. 
When there is not a sufficient 
number of articles forthcoming 
to make up a full truckload 
to one destination, a truck is 
fully loaded to what is termed 
a transfer point, where the 
goods are re-sorted and com- 
bined BO as to give good loads on to their re- 
spective destinations. On coming to a transfer 
point with another company, the fully loaded 
trucks containing heavy consignments are passed 
through, while the smaller consignments break 
bulk, and pt*rhap8 have to be carted somt? 
distance. A few of the great junctions — Crewi*, 
for example — have tranship sheds wh(*rc nothing 
but the work of transferring goods from train to 
bench and from bench to train is carried out. 
In the case of smaller consignments, the weight 
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of which is too light to warrant the running 
of a special truckload, the station truck system 
is employed. These latter trucks do not travel 
for long distances, and they work regularly on 
local goods trains which call at every station en 
route. 

“Inwards” Traffic Methods. Having 
explained how the “outwards” or forwarded 
“ C and D ” traffic is dealt with, it will 
be understood that the procedure with the 
“ inwards,” or received, is mainly a reversal of 
the foregoing, with one or two refinements added. 
For example, immediately on the arrival of a 
main line train at a big depot, it is met by a 
“ tnick marker,” who, from particulars supplied 
by the delivery office, chalks for their proper 
discharging berths those waggons containing 
“ order gooas ” (to await orders) or full loads. 
Again, waggons containing goods for districts 
that can be more advantageously dealt with by 
another station, or for w'hich forwarding instruc- 
tions have been received, are also re-labelled by 
the truck marker, thus saving unnecessary 
shunting and delay. Many vexatious incidents 
arise to interfere with 
the smooth working of 
the traffic, and the f’hief 
of these may lie classed 
under four heads — 

/namely: (1) goods ar- 
riving without invoice ; 

(2) discrepancies be- 
tween the invoice and 
the goods actually re- 
ceived in the waggons ; 

( 3 ) invoices arriving 
without the goods; 

(4) good-5 accidentally 
trucked to the wrong 
position on the shed plat- 
form. Special cut-and- 
di i(*d methods are 
applied foi rectifying 
each of the above errors, 
and in the case of the last named, the services 
of skilled men, known as “searchers,” arc 
requisitioned. 

Arrangement of Goods Depdts. 

The special accommodation provided for 
dealing with the merchandise traffic naturally 
varies in size and equipment according to the 
volume and description of the goods to be 
handled. In ordinary circumstances, this ac- 
commodation is situated adjacent to a passenger 
station, but in laige towns there arc distinct 
goods stations or depots, wlii('h, as a rule, are 
located as near as possible to the centres of trade 
and industry, although they may bo some distance 
away from, but, of course, physically con- 
nected with, the main lino ot the railway com- 
pany. For example, in London the City depot 
of the London and North-Western Railway is 
at Broad Street, which is reached by means of 
the North London Railway via Camden and 
Dalston ; that of the Great Northern Railway 
at Farringdon Street ; that of the Great Western 
at Smithfield ; and that of the Midland at 
Whitecross Street — access to all the latter being 


obtained over the Metropolitan line. The peculiar 
accommodation set aside for goods comprises 
sheds, warehouses, cattle pens, turntables, and 
sidings. The arrangement of sheds and ware- 
houses has always been a subject of controversy. 
No standard principles exist, for every company 
has evolved its own scheme as best suited to 
its jieculiar requirements. Broadly speaking, 
however, the laying out of goods accommodation 
must be governed by the exigences of the three 
different kinds of traffic into which the question 
resolves itself — namely: (1) local traffic (traffic 
which begins or ends its journey at the station) ; 
(2) transfer traffic (traffic loaded to the 
fetation for the purpose of being transhipped into 
other w’aggons and forwarded to destination) ; 
and (3) warehouse traffic (traffic in goods 
which are to be stored, awaiting orders for 
forwarding or delivery). A shed that deals with 
both receiving and forwarding traffic must clear 
out the former early in the day, so as to be able 
to dispose of the latter at night. The “ rush ” 
hours at an important goods depot arc from 3 a.m. 
to 8 a.m., lietw'een w’hicli hours the “ inward ” 
traffic is steadily arriv- 
ing, and fiom 6 p.m to 
midnight, w4ien the out- 
wards traffic is being 
despat ched. In the case 
of depots like Camden, 
where several thousands 
of tons have to be dis- 
posed of every twenty- 
four hours, one section 
must be comiileted 
before it is possible to 
tai'klo the other. A 
typical big goods shed 
consists of an array of 
platforms, with lines of 
way on each side on the 
ground level, and an 
upper floor devoted to 
storage or office pur- 
poses ; while underneath the shed lines are capa- 
cious cellars for the storage of lieer, bacon, hides, 
and such commodities as can be Ufted or lowered 
direct betw een the cellars and the carts, or railw ay 
waggons, by means of suitable cranes. It will be 
understood that the shed lines are used only 
for the loading and unloading of ordinary goods 
carried at “C and D” rates, which comprise 
all fragile or damageable articles, the mineral 
traffic, together with “ C and D ” consignments 
of greater weight or bulk, lieing dealt with in the 
open, where more powerful cranes can be 
installed. A large goods shed is mapped out so 
as to facilitate the work of the carmen, porters, 
loaders, and checkers. The walls of the cartage 
space bear number plates, corresponding to the 
numlx'rs of the various districts into which the 
collecting and delivery area is divided ; thus 
each driver knows where to station his dray. 
The platform pillars are hung with destination 
boards for the information of the goods porters 
and loaders, and the right waggons will bo found 
opjiosite their respective boards. Lastly, to 
facilitate the handling of the articles powTr or 
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hand-worked crane.^ are liberally provided on the 
loading and unloading platform‘s for both carts 
and railway waggons. 

** Mileage’* and ** Running” Sidings. 

The lines of way in the open arc divided into 
“ mileage " sidings and “ running ” sidings. 
The former, Mhieh are arranged in pairs, -with 
room for a roadway between each j)air, are 
utilised for the loading and unloading of 
‘‘station-to-station consignments, together with 
abnormally heavy “CandD” consignments. 
The “running" sidings aie groups of lines for 
shunting operations, and not for the r(‘ception 
or delivery of goods. All shunting is performed 
either by engines, hydraulic or electric capstans 
[59J, horses, or gravitation, with tlie assistance 
of the staff of shunters, whose grades are 
superior foreman, foreman '^liunter. shunter, and 
assistant -shunter. 

The Goods Shunter’s Arduous Task. 

The chief yard foreman is responsible for the 
shunting o|x^ration.s, but lie delegates his 
responsibility to the superior f(»reman. The 
latter must be an intelligent man thoroughly 
conversant with the geography of the rail- 
way. His art lies m accomplishing the greatest 
possible amount of work in the minimum 
number of movements. Shunting is arduous and 
dangerous w’ork. The men are out in all 
w eathers, and are exposed to serious risks of being 
run over, as not onfy do the trucks move up and 
down the parallel lines of way in a constant 
stream, but in many j^ards they aiv transferred 
from one track to another by means of turn- 
tables and lines nmning at right angles acu’os.s 
the yard. Formerly, .shunters w’ere exposed to 
further risk by having to get between vehicles 
for the purpose of coupling or uncoupling them, 
but the obligatory provision and use of .diunting- 
poles [54] has ob\iated thi>. The object of 
shunting is, of course, to classify the outwards 
waggons in complete trains, to marshal them in 
district and station order in their trains, and 
to split up the inwards trains by picking out the 
waggons to be unloaded. The latter have then to he 
shunted into the goods shed or into the “ mileage ” 
sidings, where they must Ix' properly placed for 
the trader to get at them easily w ith his carts. 

** Dressing the Yard.” In order to 
facilitate and economise the work of “ dressing 
the yard," which at important centres is an 
operation of immense magnitude, difficulty, 
and costliness, schemes of marshalling sidings 
of elaborate construction and of gi-eat extent 
have been laid down. A very popular design 
is a fan-shaped yard, with a long shunting neek 
forming the handle of the fan, and occasion- 
ally the fan is double-handled, so to speak. All 
the sidings run into a common departure line, so 
that waggons can be drawn out in any order in 
which they are required to be marshalled, or a 
miscellaneous collection of waggons for different 
destinations can l)c broken lip into sections in 
the trains, while sometimes the “ fan " is laid 
out on a falling gradient so as to economise power. 

** Dressing ” by Gravitation. The latter 
plan was first put into operation by the London 
and North-Western CVmpany at Fdge Hill, near 
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Liverpool, for the purpose of breaking up all 
goods trains arriving, and sorting out the waggons 
for the several depots in the city, whence they are 
distributed to the various docks and warehouses, 
and, on the other hand, of assembling the 
w^aggons loaded at all the depots, and subse- 
quently classifying and marshalling them in 
trains for despatch in all directions. The sidings 
consist of (1) the reception lines at the summit of 
the incline ; (2) the sorting sidings, into which 
the w^aggons, when separated, first run ; (3) the 
“ gridirons," through which the trucks arc 
filtered, so as to make them take their proper 
order of preeedenee in the train ; and (4) the 
departure lines, w’hieh receive the trains in their 
complete state, and where the engines are 
attached to take them aw^ay. On the arrival of 
a set of w'nggons in the reception lines, the rear 
brakes are applied, the engine is detached, and 
on each waggon a truck marker chalks the num- 
ber of the sorting siding it has to enter. The 
waggons are then let down the incline [CO], the 
shunters passing the number on by hand or lamp 
signal to the men who have charge of the points. 
This process gives each sorting siding a separatt^ 
train, although the w^aggons composing it are in 
indi.scriminaU' order, but by a repetition of the 
operation the w'aggons of em’h train are separated 
in the “ gridirons," whence they arc low'cred one 
by one into the departure lines in their proper 
sequence. The gradient of such sidings varies 
according to the requirements. It may begin 
at from 1 in 40 to 1 in 00, and finish up at from 
1 in 100 to 1 in 300. Much depends, however, 
upon the resistance to l)e overcome fi’om points, 
crossings, or curves. All the curves are of the 
same radius, so that the resistance offered by 
ea<‘h may be the same. ' 

Arresting Runaways. The shunters are 
provided with brake -sticks, which they insert 
l)etwcen the wlieel and the frame to steady the 
vehicles in descending, and they also use these 
implements for letting down the brake-levers 
as required. Runaw’ay waggons are arrested by 
means of a “chain-drag" apparatus [61]. Tliis 
consists of a heavy iron cable, wound on a drum, 
which is placed in a receptacle between and 
below the level of the rails ; a steel hook attached 
to the cable is fixed at the height of the w^aggon 
axle and is worked by a lever, which also works 
a .signal. Wlien the line is clear for a train to pass, 
the hook is kept lowered, but if it is desired 
to stop a waggon, the hook is raised and catc’hes 
the axle of the waggon, and the heavy cable 
I)eing drawn out of the tank by its weight, when 
dragged over the ballast, so brings the runaway 
to a standstill. The Edge Hill yard covers an area 
of 200 acres, comprises 57 miles of running lines, 
and deals with 3,000 waggons per 24 hours. Tlio 
Great Northern Railway has a similar yard for 
the concentration of its mineral traffic at Colwnck, 
near Nottingham, and the Great Central Railway 
is laying out a huge yard at Wath, in the South 
Yorkshire district. Traffic from 45 collieries, 
lying cast, west, north and south, will be worked 
to Wath in the rough, to be sorted, marshalled, 
and worked away in full through trainloads, 
empty trucks l>eing similarly collected there and 
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worked to the respective collieries. In connec- 
tion with the yard there will bo 36 miles of 
sidings, and the length from one far junction to 
the other will be IJ miles. It is estimated that 
when completed about 5,000 waggons can bo 
dealt with in 24 hours at Wath. 

“ Number-takers/* Before a goods 
train leaves the yard the chief yard foreman 
is responsible for seeing that the loads of 
open trucks do not exceed the limits of the 
load gauge (a load gauge apparatus, with 
swinging bar, is the safeguard), and that no 
timl]ir-truck, boiler waggon, or other vehicle 
furnished with ropes or chains, is permitted to 
start without the ropes or chains being made 
secure and safe. In all important goods yards, 
and especially at junctions of any two companies, 
you will see officials examining the waggons and 
taking notes. These are the “ number-takers ” 
employed in jotting down the numbers and 
descriptions of all the waggons, and it is from 
their records that returns are made to the 
Railway Clearing House. Number-takers are 
employed by both the railway companies and the 
Clearing House, but some companies have dis- 


continued the practice, or, rather, relegated the 
task to the guards, who enter the number of 
every waggon on the train in a special book. 

Duties of Goods Guards. Every goods 
and mineral train is accompanied by a brakes- 
man or guard, and sometimes by both, for the 
distinction is only one of grade, the former 
being a junior and the latter a senior guard. 
Good" guards arc recruited from station porters, 
shunters, etc. 

Although the guard of a goods train has no 
luggage or parcels to attend to, he is given plenty 
of occupation. He has to keep a log, or journal 
of his train, like the passenger guard ; is respon- 
sible for the proper connection and equipment 
of his train, and has to see that waggons labelled 
for certain places are put olf correctly, while at 
wayside stations he directs shunting operations. 
Except incase of emergency the passenger guard 
has nothing to do with the actual w'orking of his 
train, whereas the goods guard, in travelling down 
steep inclines, must assist the engine-driver by 
applying the rear hand brake — care being taken 
not to skid the wheels — and where necessary, 
fastening down a sufficient number of hand brakes 
on the waggons. Guards must not take on waggons 


loaded with goods liable to be set on fire by sparks 
or cinders unless the waggons are properly 
sheeted. Such waggons must be placed as far as 
possible from the engine. Every goods guard 
who has used a van with a stove in it, must, befoie 
leaving duty, take care that the fire in the stove 
is entirely extinguished, unless the van has to 
be sent out again immediately, in which case a 
small fire may be allowed to remain. Goods 
guards must not leave their trains until they 
have been delivered over to the yard foreman, 
relief guard, or “ train meeter.” As the run- 
ning of goods trains is subject to some incer- 
titude, due to the fact that this traffic yields 
precedence to the passenger variety, special 
measures are devised in order to obviate the 
necessity of making the guards work unduly 
long hours. Goods guards depots are situated 
at strategic centres of the line, and if a guard 
finds that he cannot get home within twelve 
working hours he may wire to the nearest 
depot en route for a relief guard, and then, as 
soon as relieved, he may please liimself whether 
he puts in a rest at the depot barracks, or 
continues his homewTtrd journey off duty. For 


the same purpose there is a staff of train meeters 
at all the principal terminal yards, the members 
of which reheve the guards of incoming trains, 
and finish up their work for them. 

Limits of Load and Speed. The 
loads of merchandise and mineral trains arc 
arrEinged according to the speed at wdiiob they 
are booked to travel, which, in turn, depends upon 
the character of the lino as regards curves and 
gradients, and the power of the locomotives. 
The standard loads vary from 24 to 60 waggons. 
With the uninitiated, a misconception is preva- 
lent that goods trains are worked anyhow, the 
only stipulation being that they do not interfere 
wdth the running of the passenger trains. As a 
matter of fact, the working of the goods traffic 
is as carefully provided for and supervised as 
that of the passenger, while it is infinitely harder 
to arrange, for the very reason that it is con- 
stantly being called upon to shunt out of the 
way of the faster traffic. Absolute punctuality 
is insisted upon, and errors and delays are the 
cause of searching inquiry. The major portion 
of the goods traffic is conducted by night, when 
there are few’ passenger trains running, which, of 
course, somew’hat simplifies matters, w^hile the 
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heavy trade companief^ have been at great 
expense to provide their main lines with an addi- 
tional pair of rails to be appropriated to the 
goods and slow passenger trains. 

Express Goods Trains. In this 
country the merchandise, as distinct from the 
mineral traffic, I'as ever been worked at com- 
paratively high rates of speed, and the tendency 
now is to increase the spiked of such trains 
until they fall little below that of express 
passenger trains. The Great Northern Railway 
wius the pioneer of express " goods trains [62], 
and at the time of vTiting boasts of giving a 
score of these daily, which are timed at inclu- 
sive sptH'ds of from forty to forty- five miles })er 
hour. A rate of sj>eed exceeding fifty miles per 
hour is, hovever, often maintained from start 
to stop by trains conv^eying fish and other 
perishable consignments 

The faster-timed merchandise trains are com 
posed entirely of new large- capacity cupboard 
waggons, equipped with oil- boxes, and an 
automatic continuous brake, while the most 
|K)werful express engines are employed to haul 
them [63J, 

Goods Rates. The charges upon a railway 
may be classified as rates, fares, and tolls. A 
rate is the cost per ton of haiilmg merchandise 
and minerals from one point to another ; a fare 
IS the cost per mile of carrying passengers m 
the company’s ovn carriages from station to 
station ; and a toll denotes “ a tax or custom 
paid for passage," as when one company 
exercises running powers over the lines of 
another Tolls may take, therefore, the shape 
of a fixed allowance per passenger, parcel, or 
ton of goods, or the amount may lie determined 
by a mileage proportion of the receipts. In 
addition, companies are sanctioned to charge 
lionus mileage rates and fares for the use of 
special works, such as the Severn Tunnel, or 
Runcorn, Tay, and Forth bridges, the construc- 
tion of which entailed expenditure out of the 
ordinary. For instance, the Severn Tunnel is 
4J miles long, but the Great Western Company 
are authorised to charge for the use of it as 
though it were 1*2 miles in length. 

The rates, fares, and tolls to be charged upon a 
railway are, in a sense, regulated by Act of Par- 
liament and the maximum charges now author- 
ised to British railways for the conveyance of 
merchandise and mineral traffic date from 1892, 
when, for the purpose of fixing charges, all goods 
liable to railway conveyance were classified under 
eight different heads, three of which are known 
as classes A, B, and C, and the remainder as 
classes 1 to 5. The system of classification 
followed still is, as it always Iiels been, according 
to the weight, bulk, value, method of pac*king, 
and liability to damage of the articles. C’lass A 
traffic includes coal, coke, iron ore, patent fuel, 
<"tc — in short, the heavier and cheaper articles 
which are carried at the lowest rates, while at 
the other end of the scale is Class 5 traffic, 
which covers furniture, china, straw hats, per- 
fumery, etc.— in short, the more valuable or 
fragile articles, for which rates are naturally 
highest. 
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Important Rules. Classes A and B are 

applicable to consignments of four tons and 
upwards. In Class A the ordinary rate stipu- 
lates that the freighter shall supply trucks. 
If the railway company supplies trucks an 
additional charge is made. In Class B the 
normal rate applies to traffic in railway com- 
panies’ waggons, and if the freighter supplies 
the waggons an allowance may be made. In 
neither A nor B do the rates cover any labourage. 
(^lass C is applicable to consignments of two 
tens and upwards, and the ordinary rate covc'rs 
loading and unloading by the companies, but 
not cartage. Classes 1 to 5 apply to consign- 
ments of from 3 cwt. to 2 tons, and unless 
otherwise provided, the rates include collcxqion 
and delivery vithin the boundaries prescribed 
by the companies at the various places. Con- 
signments not exceeding 3 cwt — technically 
known as ‘‘ smalls ” — are charged in accordance 
with the regulations and scales for small paiccls 
by merchandise trains. 

The Goods Clerk’s Classic. The 

statutory classification of goods not being con- 
sidered sufficiently comprehensive, the Railw*ay 
Clearing House issues a “ General Railway 
Classification of Goods by Merchandise Trains,'^’ 
which has been appropriately christened the 
“ Goods Clerk's Classic.” This latter volume 
is published amiually, and a reduced specimen 
page out of the 146 which it contains is 
reproduced below. 
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railway servants alone respecting the method of 
charging for articles of unusual length, weight, or 
bulk, articles requiring an exceptional truck 
or a special train, articles not packed or in- 
securely packed, any wild beast, and specie, 
bullion, plate, and statuary, etc. which the railway 
companies are authorised to charge “ any 
reasonable sum they think fit.” In the present 
statutory classification. Parliament, instead of 
providing for all unenumerated articles in the 
highest class, has placed them in Class 3 ; but 
an appeal is permissible on either side. Thus, 
if a freighter deems that a traffic in w^hich he is 
interested be too highly placed in Class 3, he may 
apply to the Board of Trade to have it reduced, 
while, on the other hand, if the railway companies 
consider that its classification in Class 3 be too 
low, they may apply for it to l>e transferred into 
a higher class. A case in point is the recent suc- 
cessful application on the part of the companies 
to have gramophone records placed in Class 5, 

Legal Restrictions Against In* 
creasing Rates. Another “Railway and 
Canal Traffic Act,” passed in 1894, renders it 
obligatory for the companies to prove to the 
satisfaction of the Railway Commissioners if 
challenged that any increase of rate made 
directly or indirectly since December 31st, 1892, 
is a reasonable increase ; and for this purpose' 
it is not sufficient to prove that the rate is within 
any limit fixed by Act of Parliament. The pro- 
visions of this latter Act have had the not un- 
natural f'ffect of making the companies timorous 
of temporarily lowering during bad times what 
is a fair rate from fear of incumng litigation 
should it be subsequently restored to its original 
height when the depression has passed away. 

Adjustment of Rates, In practice, 
the railway companies rarely avail them.selves 
of their maximum charges. The principle of 
the compani( s is to charge wdiat the traffic wdll 
bear — that is, rates baaed not on the cost of 
the service to the railway company, but on what 
it is considered the freighter can and ought to 
pay for it. Within their statutory maxima the 
companies are free to adjust their rates on a 
free commercial basis, subject to the foregoing 
provision regarding increase of rate. Thus, 
they may charge differential rates, in contra- 
distinction to uniform mileage rates; but one 
thing they are debarred from doing is to establish 
a bounty system, or to give one trader undue 
preference over another. As to what constitutes 
undue preference is, however, a very thorny 
question. For example, different rates charged 
for consignments of coal, grain, and agricultural 
produce carried between the same points, one 
for export or import and the other for hon^e 
consumption, are not deemed to exhibit undue 
preference, as in the former case what is 
invariably the lower rate is considered to be 
justified by the much larger volume and greater 
regularity of consignments carried to and from 
the ports than between inland stations. 

Machinery of the Rates Office. The 
Head “ Rates Office,” which is entrusted with 
the making and keeping accounts of rates, 


etc., forms the busiest and most complex 
branch of the goods managerial department. 
Each district goods manager also has a “ Rates 
Office,” whose proceedings are regulated by the 
headquarters office, but which in some cases is 
empowered to fix local rates within the district 
without first referring them to headquarters. 
A rate book must be kept at each station, where 
any trader may inspect it on demand. 

The head and other important “ rate offices ” 
are subdivided into three departments, one 
to deal with merchandise rates, another wfith 
mineral rates, and another with livestock rates. 

Millions of rate.s, of course, are already in 
existence, while how they came to be so is 
be^t explained by recapitulating the procedure 
followed w’hen a company receives an application 
from a trader to quote a rate between any two 
points not scheduled in the rate book, and per- 
haps for some newly invented article which k 
not found in the elassification book. In the 
latter case, the first thing to be done is to decide 
how the article in question should be classified. 

In calculating a rate, various interests are 
taken into consideration — the* value, nature, 
size, and quantity of the consignment (the 
quantity, w'hether a few tons or several trainloads, 
being a most important factor), cost of ser\ice, 
consumers’ interest, producers’ or manufac- 
turers’ interest, possible compt'tition by rail or 
water, possible competition from other produce 
districts, geographical disadvantages to be over- 
come, and margin of profit. 

Fixing Through and Competitive 
Rates. Dirough and competitiv’e rates — that is, 
those ^ate^^ in which more than tw'O railw'ays are 
interested — are to a large extent governed by 
conferences. There is tlie English and Scotch 
Conference, which explains itself ; the Norman- 
ton C’onference, which controls almost the whole 
of the competitive rates in the North not dealt 
with by the former ; the English-Irish Con- 
ference ; the Birmingham and South Stafford- 
shire Conference ; the Metropolitan Conference ; 
and a host of minor local conferences, such as 
the Mersey Ports. 

Where only two companies are affected in the 
fixing of a through or competitive rate the rates 
clerks meet to discuss the matter, and both 
companies are bound to publish the agreed rate 
upon the same day. The analysis of a “ r«ate ” 
reveals that the maximum charge which may be 
made is set out under two heads — namely, (1) 
Station and Service Terminals ; (2) Kate for Con- 
veyance. A station terminal is the maximum 
charge for the provision of buildings (including 
warehousing during free period) and sidings, 
exclusiv^o of coal drops ; and a service terminal 
is the maximum charge for such labourage as 
loading, unloading, sheeting, and unsheeting 
merchandise. 

The rate for conveyance is the actual cost of 
haulage, and this is based upon no hard and fast 
rules, although the axiom is “ the short^'r the 
mileage the higher the rate.” At the chief rates 
office of a great railway company a complete 
record is kept of every calculated rate between 
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any two points, and the number of lates nma 
into many millions. At Paddington the rates 
library comprises upwards of 1,000 volumes. 

It is a sim])le enough matter to ascertain from 
these volumes particulars about non-competitive 
or IcK'al rates between any two points, but none 
but an expert rates cltu'k can trace those of 
through and comix^titive rates, wliich are 
common to several companies. At Jieadquarters 
a s e c i a I 
“noting .staff** 
ot clerks is 
Iv e )) t c o n - 
stantly em- 
ployed enter- 
ing up all new 
rates as they 
arc issued, 
together with 
keyed refer- 
ences to the 
authority 
under which 
each rate was 
promulgated. 

A separate 
department 
exists for cal- 
culating and keeping iwcoimt of the passenger 
train rates for parcels, etc. These rates are 
fixed by the superintendent of the line, or, in the 
ease of the North-Eiistem and Great Northern 
Railways, by the chief passenger agent. 

How Disputes are Settled* There 
is a s^x^cially organised statutory depart- 
ment to deal IC'gally with tlie various phases of 
controversy between railway companies, or 
questions of difference botWTon a railway 
company and a canal company. This is the 
Railway and Ganal Gonimlssion, which, in 
addition to the above, is empowered to adjudi- 
cate upon the question of through rates over 
different lines w'here sudi rates would be of 
public benefit ; to bear and determine cases 
instituted by the consignor or consignee of 
merchandise against railways in respect of 
excessive or preferential rates and 
charges, insufficient accommiMa- 
tion and facilities, and as to any 
allow’ance or rebate to be made 
from the rates charged on the 
ground that the railwuy company 
did not pc*rform terminal services ; 
to order traffic facilities, notwith- 
rstanding existing agreements ; 
and to apportion the expenses of 
erecting any improvement, such 
as a necessary bridge, subway, 
etc , between a railway company 
on one side and the applicants for tlie desired 
improvement on the other. 

By the Act of 1888, under the powers of wffiich 
the present Commission now sits, the department 
consists of two appointed and three ex-officio 
Commissioners. The Board of Trade appoints 
two Commissioners, one of whom must have 
had considerable railway experience, while the 
ex-officio commissioners have to be Judges of 
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Sujierior (Viirts in England, Scotland, and 
Ireland. Tliere are also a registrar and clerk to 
the Commission. 

Automobile Transport of Gpods. The 

question of the employment of mechanical road 
traction for the transport of goods, both heavy 
and light, is of gi’cat importance. Nevertheless, 
automobilism has not as yet materially affected 
raihvays wliere the cartage department is con- 
cerned ; that is 
to say, it has 
not displaced 
horses to any 
appreciable 
extent in the 
collection and 
delivery of 
c onsignments 
carried under 
“C and D *’ 
rates, T b e 
chief reason 
for this is that, 
in order to 
render the us(‘ 
of self - pro - 
pelled vehicles 
profitable, at 
least three factors must be present — namely, 
a fairly long haul, a full load of consignments 
for conveyance to or from a fixed pomt, and 
a clear road. Generally speaking, ca^’h of 
these factors is absent. Whether in country 
or town, the bulk of the business done consists 
of the cartage of goods and parcels over short 
distances, and through congested roads or streets, 
while the loads themselve.^ are made up of mis- 
cellaneous consignments, w^liich are collected 
or delivered at frequent intervals, thus entailing 
a great deal of w’aiting about. In congested 
thoroughfares a motor vehicle possesses no 
advantage in point of speed over a horse-drawn 
van, and it is obvious that to keep expensive 
machinery idle, and consuming fuel and water, 
during a constant series of intermittent halts 
must be a wasteful procedure 

Another drawb.ick is that 
nothing approaching the snmt* 
amount of work can be got out 
of self-propelled waggons as from 
carts and horses. A team of horses 
can be employed on two or three 
consecutive trips. There are, say, 
400 vans at a goods’ depot : half 
the number can be loaded and sent 
out, and w^hile they are away the 
remainder ran be loaded up. 
Then, w'hen tlie former leturn, 
loaded wuth “outwards” goods or 
empty, it is only a question of transferring the 
teams to the latter : whereas, with motor 
vehicles the motive machinery would have be 
kept idle during both the loading and unloading 
processes. Again, motor vehicles are not so 
adaptable for drawing up into what chances to 
be the most Convenient position for loading 
and unloading, and there are many warehouses 
in which, owing to the inflammable nature of 
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the contents, their presence would be resented 
as a source of danger. Lastly, if the railway 
companies were to adopt mechanical traction 
on a large scale they would be faced by the 
problems of providing stabling for the vehicles 
(carts can be left in the open), and of storing 
the petrol safely. 

The conditions under which motor traction 
can be profitably employed are between impor- 
tant, self-contained collecting and distributing 
centres, and between the railway and depots 
in towns or villages which lie a good many 
miles away. In the latter case, a service of 
passenger and goods motor-cars might prove 
an enduring substitute for a branch line of 
railway. Traction engines are to be preferred 
for very heavy and unwieldy loads, such as 
machinery, which would otherwise necessitate 
the employment of large teams, say, of a score 
of horses. 

Different Types of Vehicles, The diffe- 
rent types of motor waggons at present in use by 
railway companies are : 
steam waggons and 
lorries [64] for heavy 
goods transport — that is, 
for loads of from 5 tons 
to 8 tons ; ^small steam 
traction engines, coming 
under the Motor Car 
Act; petrol lorries, for 
light goods and jiarcf'ls 
transport, 2- ton, 3 -ton, 
and r)-ton vehicles 1 66] ; 
and electric vans [65], 
of about 2 tons capa- 
city, for the expedi- 
tious delivery of light, 
perishable goods. 

Steam posse.sses several advantages over petrol 
m the heavy goods service — namely, both the 
initial outlay and cost of maintenance are 
much less ; the deliveries with this class of 
consignment being chiefly centred at one fixed 
point, fuel and Mater are not consumed to no 
purpose during intermittent calls ; the pace being 
slow, iron tyres can be used ; and there exists 
larger reserve power for emergencies. On the 
other hand, petrol is more advantageous and 
more economical than steam for light goods 
transport, and the carriage of mails and parcels. 

All technical matters relating to road motor- 
cars are delegated to the department of the 
chief mechanical engineer, while the arrange- 
ment of the services and the supervision of 
the staff rests wdth the superintendent of the 
line, who acts in unison with the chief goods 
manager in arranging the goods car service. 

Organisation and Staffing. The 
North-Eastern Railway has an officer attached 
to the chief traffic manager’s department who 
has had a mechanical engineer’s training, and 


he deals w'ith everything connected with the 
road motors, communicating as follows : with 
the mechanical engineer upon mechanical 
matters ; with the chief goods manager about 
goods matters ; and with the chief passenger 
agent about passenger matters. He is practi- 
cally a joint servant of these three departments, 
and if the head of any of them haA a point 
which he cannot settle himself it is settled by 
the chief traffic manager. 

The Great Western Railway, which was the 
pioneer of the adoption of mechanical road 
traction for railway requirements, and which 
possesses the largest stock of self-propelled 

vehicles of every description, has organised a 
special motor-car department, under the aegis 
of the superintendent of the line, to deal with 
cars all over the company’s system. The 

headquarters of the department are located 
at Slough, and there, too. are shops that carry 
out nearly all repairs. The staff of the depart- 
ment consists of : (1) for indoor working, a chief 
mechanical superin- 
tendent, an assistant 

mechanical superinten- 
dent. a chief clerk, a 
keeper of retail stores, a 
tyres and staff clerk, who 
keeps a register of the 
mileage of all cars, and a 

travelling inspector of 

stores ; (2) for outdoor 
w'orking, a foreman fitter 
in charge of repair shops, 
a foreman driver, who 
arranges the .services, a 
traffic inspector, and a 
staff of drivers, and 

conductors. 

Selection and Training of Drivers. 

To begin with, the companies had to recruit 
for drivers from outside the railway service, 
but now' they train their own drivers, and the 
more satisfactory drivers are tlie men whom 
they have trained themselves. Drivers are 
divided into four grades— namely, foremen 
drivers, leading driver, driver, cleaner-driver. 
A man is promoted foreman driver from the 
shops, and every important car centre is placed 
in charge of a foreman driver. 

Candidates for the post of cleaner-driver must 
be from tw'enty to tw'enty-four years of age, 
although ox-locomotive firemen are accepted 
at a later age. A cleaner-driver receives a 
practical training in the elementary mechanism 
of motor traction, and when passed by the 
foreman he is allow'ed to drive one or tw^o trips 
a day, to relieve an ordinary driver. In due 
course, he is promoted to driver, and then to 
leading driver, and in the latter capacity he 
becomes eligible to be given charge of a small 
car centre. 
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ITALIAN By Francesco de Feo 


ADVERBS — continued 
Adverbs of Manner 

come ? how ? in fretta, in a hurry 

comunque (como6n- volenticri^ willincly 

kooeh), however waZi’o/cn/tcri, unwillingly 

cost, so alV improiTiso, suddenly 

bene^ well gratis, gratis 

male, badly a mcmoria, by Iieart 

ajypena, hardly a mano a mano, 

insicmc (ecneee-^hmeh), gradually 
together etc., etc. 

The termination -oai added to sonie nouns and 
verbs forma adverbs indic.it ing jwsition of the 
body, as : 

bocconi, lying on the face, pro^'trate 
penzoloni, eiondoloni, hanging do\^'n 
a tenioni, groping 
a eavalcioni, on horseback 
salklloni, skippingly 

Other compound adverbs of manner are formed 
by understanding the words moda, maniera, mo, .as: 
AW inglese = secondo la moda inglcsc, in the English 
fashion ; AUa francese = secondo Vuso francesc, in 
the French way, etc. 

Adverbs of Quantity 

molto, much nientc, nothing 

assai, much quasi niente, nlino^t noihmg 

troppo, too much affaUo, completely 

poco, little di pin, more 

abbastanza, enough, mcno, less 

sufficiently presso a poco, nearly 

coltanlo, only etc., etc, 

I’he student must not confound assai with the 
French assez = enough. 

Adverbs of Time 

allora (ahllo-rah), then da quando? since when? 
ora, now adesso, ora, now 

oggi, to-day fra poco, shortly 

domani, to-morrow or ora, just now 

mai (raah-ee), never sempre, always 

spesso, often talvolta, sometimes 

prima, before gid (dgee-4h), already 

dope, poi (p6-ee), after poco fa, a little while ago 
appena, as soon as un mese fa, a month ago 

presto, soon un giomo si e un giorno 

iardi, late no, every other day 

quando ? when 7 etc., etc. 

Many adverbs have different meanings. Examples: 
Quel poveretto appena (manner) ei reggt in piedi, 
lliat poor man can hardly stand on his feet; 
Appena (time) arrivammo fummo ricevuti, As soon 
as we arrived we were received. 

In familiar lanraage oggi is frequently used for 
this afternoon.” Example : Xa vedrd oggi, I 
shall see you this afternoon. 

The adverb gid used as an adjective means 
“formerly,” as : Via Roma, gid Tol^, Via Roma, 
formerly Toleda 

Exercise XLVI. 

1. Avete fatto bene a venire da me ; io vi caver6 
facilmente d’implccio. 2. Egli parla sempre 
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modcstamentc di s^ medesimo. 3. Parlate chiaro, 
so volete che io vi ascolti. 4. Sfortunatamente ar- 
rivammo troppo tardi. 5. A poco a poco sormon- 
teremo tutte le difficoltii. 0. Ditegli di ns])ettare ; 
io verro giu subito subito. 7. Probabilmente 
a\Temo una risposta stasera. R Era tanto biiio che 
andavamo .n tentoni. 9. II latorc h un mio intimo 
amico; glielo raccomando particolarmcnte. 

Adverbs of Place 

dovi, where ? sopra, su, on 

dondc, whence 7 soUo, giu, down, below 

qui, qua, hero Iclssu, up there 

It, Id, there laggid, down there 

qua c Id, here and there altrovc, somewhere else 
costi, cobtd, where you are dovunque, everywhere 
ccco, here is nvanti, forward 

ci, vi, here, there dietro, behind 

nc, from here, from there lontano, far 
etc., etc. 

1. Both qui and qua indicat/C the place where the 
speaker is ; but qui defines the locality more 
closely than qtuz. Example : Venite qua, Como 
here ; Venite qui. Come hero (near me). 

2. Costi and costd indicate the place of the 
person addressed, with the same difference as 
exists between qui and qua. Example : Sard codd 
domani, I shall be in the place where you are to- 
morrow. 

3. Ld, li, cold indicate a place where neither the 
speaker is nor the person addressed. Li indicates 
a place nearer than Id. 

4. Di qua, di qui, di Id moan this way, that way, 
and also this sido of, that side of. Example : 
Venga di qua. Come this way ; Vada dild. Go that 
way. 

Adverbs of Order 

primieramente, firstly auccessivamente, sueces- 
sccondariamentp, secondly sivcly 
in terzo luogo, thirdly a uno a uno, one by one 

a vicenda, in turns a due a due, two by t wo 

alia rinfusa, in confusion 
etc., etc. 

Adverbs of Affirmation 

si, yes senza dubbio, without 

gid (dgee-^h), quite so doubt 
certo, certainly senza folio, without fail 

certo certo. most certainly infatti, indeed 
dawero, in truth, etc. 

Adverbs of Negation 

no, no niente afjatto, not at all 

non, not mai (pron. mkh-ee), never 

neanche, not even ma chc, certainly not, etc. 

Adverbs of Doubt 

forse, perhaps chi sa se, who knows it 

prohahUmente, probably e possibile, it is possible 
potrebbe darsi, it may be caso mai, if by any chance 
etc., etc. 

SxEEasE XLVII. 

1. Venga di qua, signore ; la strada b molto piii 
breve. 2. Vuol dunque ch’ io sia costretta di 
domandiir qua e 1^ cosa sia accaduto al mio padrone? 
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3. Uno dopo I’altro tutti si aJlontanarono e 
mi lasciarono solo. 4. Caso mai dovesHo venire 
quel signore di ieri, ditegli cho non sono in rasa. 
5. Chi sa se arriveremo in tempo. 6. Non pro- 
metU'to mai se non sietc affatto sicuri di poier 
inantenere la vostra promessa. 7. Avete gioeato 
i^baatanza, ora e tempo di andare a letto. S. 
E possibile che c’ ineontreremo a Milano in a])rile 
o maggio, 9. Se eamrniniajno oosi lentamente 
non saremo lasau nemmeno per doniani. 10. 
Venite giu ; la earrozza e pronta. 

(VWVERSAZIONE 

Qiiando possiamo vcdcrci per jiarlare del nostro 
afTare ? 

A^eramente in questo momento sono molto 
o 'cupato, ma se vnol venire da me domaiii, pnm.i 
di mezzogiorno, mi trovera eertamente. 

Benissimo, saro da lei domani verso le iindiei. 

Che eosa ha risposto aH’avvoeato ? 

Ho risposto ehiaro c netto ehe non intendo 
pagare. 

Quel giovanotto veste mollo semydicemenle, 
non e vero ? 

Si, ed e sempre molto elegante. 

Se avete bisogno di danaro, ditemelo franca- 
mente. 

(Jrazie, ne ho abbastanza. 

Da quanto tempo non vede la sii*norina di cui 
mi parlo tanto bene ? 

La vidi un inese fa in easa Ralli. 

Andato spesso in eitb'i ? 

• Prima ci andavo ogni settimana, ma ora sono 
obbligato di andare i molto piu spesso. 

IRREGULAR VERBS — continued 

Remarks. Before the terminations of the 
past definite ~s(\ -.sero) and of the past partiei])le 
(-30, -to, -Mo) the final consonants of the stem undergo 
many and different phonetic* changes, Jt has 
already been seen [page 47921 that the verbs u it h 
the st^m in d, nd, n drop these consonants before 
the terminations -si, -so, -sto. Other important 
changes of the stems arc : 

1. In the verbs with the stem ending in r, g, f, v, 
preceded by a vowel, these letters are assimilated 
with the following s, t, which arc therefore doubled. 
Examples : 

Cunerre (to eook), past d^ef. ro'i'ti, pa'>f part, 
cotto. 

Disiruggerr (to destroy), past d( f. didra^'^i, 
past part, distnitto. 

Scuoten (to shake), pa.v/ dtf. sros^i, pa^f pari, 
6 CO 880 . 

Jrhioxkrt (to move), past d<j. wnssi, pad part, 
mosso. 

2. The verbs with the stem in r, g, v, yaeceded by 
a consonant, drop these consonants. Exaiipdes : 

]'inccre (to win), ptist dij. idnsi, pad part, 
vinto. 

Dipingen (to paint), pad d^j. dipinsi, past 
part, di pinto. 

Risolverc (to resolve), p<ist d<j, risolsi, ^Ht^t 
part, risolto (better risoluto). 

The same may ho said of the v<*rb-, ha\ ing gn in 
the stem. Examples : 

Disting uerc (to distinguish), past dcf. didi)id, 
past par. distinto. 

3. The verbs with the stem in rr, U, gl, drop tlu* 
first consonant before the terminations. Exami>les : 

Correre (to run), past drf. corsi, jKtd jHtrf, 
eorso. 

SveJlere (to root up), pad d*f. svihf, pad part, 
sv^lto. 


SceglUre (to choose), past def, scA’lsi, pad 
part, sedfo. 

4. The verbs with the stem ending in m change 
the m into ss before the terminations. Examples : 

Esprimere (to exj)ress), j)ast def. espressi, 

past part, espresso. 

a. Tlie compounds of sumcrc change the m into n. 
Example : 

Presumcre (to j)rcsumc), past dif. presun 
pad part, presujito. 

t>. Some verbs have two forms of the past y)ar- 
tieiple. regular and irregular. Example: 

Aprire (to open), pud def. aprii and aptrsi. 

7. Some have a double })articiple. Exam[)lc: 
Scppelfire (to bury), pad part, seppdfito and 

sepolio. 

8. Of the verbs in i (which have been already 
mentioned), some change the vmwel of the stem, 
and these generally take the original vowel of the 
Latin. Examy)leH: 

Fare (to do), jmsf def. feci. 

Vedere (to see), past d(f. vidi. 

!). Also some verbs in -s! change the vowel of the 
stem. Examy)les : 

E'ipellere (to ex])el), jxid def. espuhi, pad 
part. espuJso. 

It). Some double the consonant. J^xamyde : 
Tenere (to hold), past dcf. lenni. 

1 1. Some double the consonant and ehiing(' the 
vowel at the same time. Example : 

Pompere (to break), past dcf. ruppi. 

12. Some end in the y)ast def. in vi. Example : 
Xasccre (to be born), past d(f. nacqui. 

Note the past dcf. in ri of parere (to seem) and 
apfnrire (to a])y>ear). imrei, apparci ; and in bbi of 
conoscere (to know), and creseerc (to grow), conobhi 
and rrehhi. (See y>age 4t)47.] 

Second Conjugation— continued 
Verbs in ere (‘'hort) — continued 
Accorgere (-'<0» perceive 
Pad Def. — .4rcc>r.^f, aecbrsc, aceca'sero. 

Pad Part. — Acedrio. 

Addurre (addueerc), to adduce, to convey 
Ind. Pres. — Adduco, adduci, etc. 

Jmperf. — Adduce m, adducevi, etc. 

Pad. Dcf. — Addussi, adducedi, addasse, addu- 
ce anno, adduceste, addicsscro. 

Future — Addurre), addurrai, etc 
iiubj. Pres. — Adduca, etc. 

Sub). Imperf. — Adduces'^, etc. 

Poudit. — Addurrti, add urn di, etc. 

(Urund — Adducendo. 

Past Part. — Addedto. 

Affliggere, to afflict 
Pad Dcf. — Afjlissi, afflissc, afftissero. 

Past Part. — Afjlitto. 

Aspergere, to sprinkle 
Past Dcf. — Aspersi, asptrsi, wipersero. 

Pa d Part. — A s perso. 

Assolvere, to absolve 
Pad. Def. — Assolvetti (regular), assolsi, assolse, 
assc'dsero. 

Pad Part. — Assofuto »ind assolto. 

Assumere, to assume 
Pad Def. — Assunsi, assuusc, assilnsero. 

Past Part. — .4 ss u nto. 

Cingere, to gird 
Pad. Def. — Cinsi, cinse, cinscro. 

Past Part. — Cinto. 

Cogliere, to gather 

lud. Pres. — Colgo, cogli, cc)g)ie, cogliamo, cogliete, 
calgouo. 
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The adverb formed from gai (gay) may be written 
either gahnrnt or gaiement. 

(b) The following adjectives ending in c most 
take an acute accent l>efore the additional 7nent : 
at'rHgl(\ blind: avcugfhticnt, blindly; commodt^ 
convenient: connmtdhnrnt, conveniently; tw- 

comtn<>d€f inconvenient : incommodemaU^ incon- 
veniently : enornn, huge; etwrtn^metU, hugely; 
ronfortm conformable ; co7) for memento conformably; 
xmmetise, immense; itnmcmhnaU, immensely; 
opimdtn^ stubborn; o pin idtrem exit ^ stubbornly; 
nniformr, uniform ; vniformemrnt^ uniformly. 

(o) Traitre (treacherous) and impuni (unpun- 
ished) have the corresponding adverbs traitreusi- 
fticnt (treacherously) and impunement (with im- 
punity). 

2. To form adverbs, from adjectives ending in 
a consonant, add inent to the femiaino form : 
faujr, false; fniisscmeyit, falsely; /ruia, fresh; 
fraichement, freshly; uc/i/, active ; aefivement^ 
actively : nouveau, new ; nouvdlemeyit, newiy. 
Exceptions : 

The following adjectives take an acute ascent on 
the e of the feminine form preceding the termination 
7ncnt: commun. common; communemcni, com- 
monly; confu^, confuse; confuse ment, confusedly; 
diffus, diffuse ; diffusement, diffusely ; expres, 
express ; expre'^shnent, expre.ssly ; importun, 
importunate; itn^toriunnnent, ini]K)rtunately ; 
inopportun, ino)»|>ortune; inopjx>riunenunt, in- 
op[>ortunely; ofjscio', obscure ; obscure ni cut, 
ol>scurelv : opfx^rtun. ojnwtune ; opiKirtunement^ 
op|K)rtunely ; profond, deep; profondhnentf deeply ; 
pricis, precise : pricisnnrnt, precisely. 

The adverbs corresponding with gentU (nice) and 
href (brief) are gtntiwent and hrievetnent, 

3. To form adverl>s from adjectives ending in 
ant or cni, change nt into ni, and add rnent : 
f/rudenl, prudent; prudimmcnt, prudently; con- 
stant, con*'lant : constamment, constantly. Ex- 
ception^ ; 

The adverb’i corresj)onding with lent (.slow), 
present (present), and vihemuU (vehement) are 
hntement (slowly), pr('<f nkno \t (at the present 
time), and vihenuntenunt (\ehemently). This 
ld*t is of rare oc'currence. 

4. The following adverbs are derived from ad- 
jectives either wholly ol>solete or seldom used : 
grievemfui, grievously ; pturnellement, daily ; notam- 
Ttuni, notably; nuitnnunent. In' night; sciemrnent, 
wittingly. 

The last s^'Uablc but one of adverbs ending in 
amment or cmmint has no nasal sound, but is 
jjronounccd like a: prudnnmeut, pru-da-ment ; 
constammntt, con-^ta-ment. 

Position of Adverbs 

In fVench an adverb must never be placed, as 
it frequently is in English, between the subject 
and the verb: Je h yois souveut, I often sc*e him. 

It« |>osition is generally after the verb if the verb 
i-H m a simple tense, and lx*tw'een the auxiliary and 
thf* }>;i,st participle if the verb is in a com|K)und 
tense : Aous en jxirlonH rarrjnent. We rarely sjieak 
of it. J'ai bien dorrni, I have slejit W'cll. 

Many adverl-s* of time and j»lace, however, and 
fidverbial phrases come after the yiast participle : 
J( liti ai fsirlf hier, I s|>okc to him yesterday. 
S ouH V avftns e nvoyi ailleurs. We sent him elsew'here, 
t'ous I ayf’z fait a deMsnn, You have done it on pur- 
jK»e. 

Exercisk XXXVI. 

I. .Men do not arrive irnined lately at the know- 
ledge of trutli. 2. There is nothing more vexatious 
ifdcfieux) than uncertainty (incertitude, f.). 3. If 
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we had only lived two centuries earlier, we should 
have liad no idea of steam-engines (la machine d 
rapeur), of railways, of the telegraph (Ic tdegraphe), 
4, Laziness goes so slowly that poverty soon over- 
takes (aUeijidre) it. 5. The reason of the strongest 
i.s always the best. 0. Young people must speak 
little and listen much. 7. The happiness of the 
w'icked (sing.) does not last (durer) long. 8. That 
thief is accused of having entered (s' introduire) a 
house by night. 9. Let him come Friday or Satur- 
day : those are the days when I am most usually 
(ordinaire) at home in the evening. 10. And now, 
answer me frankly, what is there (de) true in this 
accusation ? 11. I have always wondered (asked 

myself) why the French, who are so smart (spirituel) 
at home, arc so stupid (hete) when travelling (en 
voyage). 12. An extraordinary good fortune (le. 
bonheur) has constantly accompanied that brigand 
{le brigand) to (jtisqu'd) this day. A price is set on 
his head (his head has been put to price) ; never- 
theless he continues with impunity his dangerous 
trade (ie metier). 13. He is extremely generous 
(genheytx) ; money costs (coutcr) him but little 
to earn (gngner), and he syiends (depenser) it easily 
with the j>oor. 14. He ordinarily wears (porter) 
a costume (le costume) of very great elegance 
(Hegancc, f.) ; his linen (le linge) is always of 
dazzling (eclatant) whiteness (la blancheur). 

Key to Exercise XXXV. 

Dans line lettre a sa cousine, un ecrivain fran^ais, 
Paiil-Louis Courier, raconte line aventure terrible 
tjui lui est arrivee en italic. II voyageait cn 
Calabre avec un ami. C’est un pays montagneiix, 
et les chevanx des deux voyageurs marchaient 
aveo beaucoup de ^leine. C'ctait Ic caniarade de 
Courier (pii allait dovant. II vit im sentier qui 
lui j>arut plus practicable et jilus court, Ic prit et 
les egaru. Tant qu'il fit jour ils chercherent leur 
chemin ; mais plus ils oherchaient plus ils se jitT- 
daient. et il ctait nuit noire quand ils arriverent 
pres d une maison fort noire. Ils y entrerent, 
non sans soup(,on, et seuleinent parce qu’ils no 
pouvaient (pas) faire autrement. La ils trouvent 
toute une famillc do charbonniers a table, ou Ton 
invita aussitot les deux voyageurs. “Mon jeime 
homme ne se fit pas prier,” dit Courier. “ Nous 
voila mangeant et buvant, lui, du moins. Car ])Oiu 
moi, j’examinais le lieu et la mine de nos botes. 
Nos botes avaient bien mines de charbonniers ; mais 
la maison, vous reussiez (auriez) prise f)our un 
arsenal. Ce n’etaient que fusils, pistolets, sabres, 
couteaux, coutelas.” Tout cela lui di^^plut, et il vit 
bien qu’il dcplaisait aussi. Son camarade, au 
contraire, etait do la famillo ; il riait, il causait, 
il dit d’ou il venait, ou il allait, qui il ctait. 
Pour ne rien omettre de cc qui pourrait Ic pordre, 
il fit le riclie, prom it aux charbonniers tout 
ce qu’ils vouliirent pour lui servir do guides le 
lendemain. Enfin, il parla do sa valise, les jiria 
d'en avoir grand soin ot de la mettre au chovet 
de son lit. Il ne voulait jioint, disait-il, d’autro 
t ravers in. lx's charbonniers durent croiro qii’i! 
fKirtait les diimants de la co.ironne. Quand lo 
soufier fut fini les hbtes descend irent et laisserent 
les voyaj 5 eurs, qui devaient coucher dans la chain bre 
haute ou Ton avail mange. Le jilus jeuno des deux 
se coucha sans la inoindre hesitation, la tete sur 
la precieuse valise. L’ autre, determine t!i veiller, 
fit lx)n feu, et s’assit aupres. La nuit se jiassa 
tranquillement, et il oommen 9 ait k se rassurer, 
quand sur (vers) Theure oh il lui semblait quo le 
jour ne jiouvaii etre loin, il entendit qii’on parla it 
aU'doHHous de lui. Il ccouta. (Tetait le charbon- 
nicr qui disait a sa femme : ** Eh bien [ Enfin, 
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voyons, faut-il leH tuer touH deux ? ” A quoi la prendre ; puis ii entre pieds nufl, et clle de dehors 

femme r6pondit, “ Oui.” J^e malheureiix voyageur lui disait k voix basse : Doueement, va doueernent” 

resta rewpirant peine ; k le voir on n’eut (aurait) Quand il fut venu pres du lit ou etait etcndu le 

su s’il etait mort ou vivant. II n’osait apfxjler pauvre jeune homme, offrant sa gorge deeouverte, 

ni fa ire du bruit ; il ne pouvait fi’(k?hap)r>er tout d’une main il levo son eouteau et de Tautre— il 

seul. La fenetre n’etait pas bien haute, mais saisit un jambon qui f)eridait au plafond, en couik? 

en bas il y avait deux gros dogues qui hurlaient une tranche, et se retire eomme il etait venu. 

comme des loups. Au bout d’un quart d’heure D^s que le jour yiarut, toute la famille a grand 

qui lui sembla bien long, il entendit quelqu’un bruit vint cveiller les voyageurs. On servit un 

Hur I’cscalier, et, par les fentes do la porte, il vit dejeuner fort propre et fort bon. Il eonsistait de 

le pcVe, sa lamjie dans (a) la main, dans Tautre un deux chapons, dont il fallait, dit rhotesse, eniy)Orter 

de ses grands coutoaux. l^e eharbunnier monta. Tun et manger rautre, En les voyant, Oourier 

sa femme apices lui. 11 ouvrit la porte; mais oompr it enfin le sens de ces terribles mots; “ Faut il 

avant d’entrer il posa la lampe, quo sa femme vint les tuer tons deux.” 

Continued 

SPANISH By Amalia de Alberti & H. S. Duncan 


PREPOSITIONS 

Sjmnish ])repositioiis are simple and eomy>ound. 
Sim]>le prepositions consist of one word ])laced 
before the noun — as d(\ of, from. Compound pre- 
positions are prejmsitional ydirases eom])OHed of a 
noun, adjective, or adverb with a yirepo^ition, or 
of two |ircy)ositionH~ as acercn d(\ concerning; d/ 
ahajoy from under. 

Simple Prepositions. The simi)le yireyiosi- 
tions are ; 

d, to till, until, iiyi to, to 

anit\ before rnedianky through, by 

hajoy under means of 

fo/?, with we/Kw, exceyit [ing 

contra, against no ohMantt, notwith'Ntand- 

di\ of, from jiara, for, in order to, to 

desde, from, since by, through, for 

daraniCy during mlvo, exce])t, save 

eriy in, at, on segun, according to 

entre, between, among Hn, without 
cxcepto, (’xcey)t mhre, on, upon, about 

hacin, towards after 

Use of a. 1. d, to. The ])rimary meaning of 
d is motion towards a certain yioint. Examples; 
Jr d Londres, to go to Jjondon: Voy d la iglesia, I 
am going to church. 

2. d is also used to exyircss the dative ” to,” 
; nd the “to” standing between a \erb and an 
infinitive. Exariiyiles : I)ar d los po6ros', to give 
to the poor; Fui d v^rJa, T went to see her. 

3. d must also be used after the verb before a 
definite personal object. Examydes : Leer libroft, to 
lead books; leer el libro, to read the book; ?’rr ninos, 
to see children; vtr d la viha, to sec the child (f.). 

4. In the following senses d reyiresents the 
English “ at.” Examples : Estoy d la pverta, I am 
at the door; eslan d la mesa, they arc at table; d las 
dicz di In II tche, at ten o’clock at night; d diez duros 
la docena, at ten dollars a dozen ; al anochecer, at 
nightfall ; jiigar d los naipesy to yilay at cards: d 
tres dio't vista, at three days’ sight. 

5. Certain verbs are always followed by d. Ex- 
amyiles : A mar {querer) d nig aien, io love anyone; 
nborrecer d alguien, to hate anyone; saber d, to 
taste of ; oler d, to smell of. 

(). d expresses the English “ by ” in such yihrases as ; 
Poco d poco, little by little ; nno d itno, one by one. 

7. d i" also frequently used to exyiress manner, 
and in adverbial yihrases. Examyiles ; d la Inglesa, 
in the English manner; d la l^irca, in the Turkish 
manner; d tni manera, in my own way; d pie, on 
foot; d caballoy on horseback. 

Use of De, of, from, and Desde, from. 

1. De represents all the general uses of ” of ” and 


“ from ” in Knglisli ; it also shows the yios^cssive 
case where the a])ostiT)j)])e would l>e used m English. 
Examples: De Ijondrt s‘ d Madrid, from J..ondon to 
Madrid; itna carta di mi hrrrnana, a letter from my 
Sister; la casa de mi madre, my mother's house. 

2. It may also represent “ to,” “ with,” “ at.” 
Examyiles; El raminn dd pueblo, the way to the 
village; trmblar de jrio, to tremble with cold; 
ofitiderse de nada, to be ofTended at nothing. 

3. It also denotes a state. Examples ; Estoy di 
Into, I am in mourning: Esldmos de vidta<i. We are 
yiaying calls ; ciego dr furor, blind with fury. 

4. When “ from ” signifies a starting-point of 
time or yilace, desde must lie used instead of di . 
Examyiles: A’sdc la tbrra hastn la Inna, from tlie 
earth to the moon • d< sde cntonci s. fiom thenceforth ; 
disde In maria na hnsta la tardt , from the morning 
until the evening. 

Use of Para and Por. 1. Para signilies 
’* for ” in the sense of ymryiose, destination, “ for 
the ymryiose of,” “ in order to ” generally being 
implied. 

2. “For” is translated para when it cxyiresses : 
{a) The destination of an object or a journey. 

Examyiles : Ese traje es para mi. That dress is for 
me ; Lo hizo }rara Vd, H(‘ did it for you ; Ealgo jMira 
Londres, I am starting for London. 

{h) Duration of anything. Examyiles: Trntmos- 
vino para tres atlos. We have wine for three years; 
Dnrard para siernpre. It will last for ever. 

(r) A lixed e]>o<*h. Examyile ; Dejtmos eso jrara 
manana, I..et us leave that for to-morrow. 

(d) The relation between one thing and another. 
Examyile; Es rniiy pequeno jxira su edad. He is 
very small for his age. 

3. When a comyiaiison is intended, con must he 
inserted after para. Examyile : /Quien soy yo para 
con elln ! What am 1 eomyiared to her ! 

4. Para con also moans conduct towards a yierson. 
Examyile: Sn condneta frara con su hijo, His* 
behaviour tow'ards his son. 

5. In the following sentences para signifies “ just 
on the yioint of” or “in order.'’ Examyiles: 
Estarnos irara salir. We are just going out ; Para 
ensifiar es memsUr sahtr. In order to teach, it is 
necessary to know. 

1. por signifies ' for ' when it exiiresses ; 

{a) Length of time. Examyile : Me voy jxrr una 
setnana, 1 am going away for a week. 

(b) 4'he yiriee of anything. Example : Lo vtnden 
}H>r trts dnt'os. They sell it for three dollars. 

(r) In favour of, instead of. Examyiks: Ifablarl 
jior Vd, I will syieak for you (in your favour) ; Lo 
hare por Fd, I will do it for you (instead of j'ou). 
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((f) Exchanjsc. Example : Dar una cosa por otra^ 
to exchange one thing for another. 

(c) With verbs of action or motion. Examples : 
Ir por agua y ft na, to go for water and wood ; 
enviar por el mrt/iro, to send for the doctor. 

2. Por also signifies out of.” “through,” “on 
account of” — namely, the motive or cause of an 
action. Examf>les ; Lo hizo por malicin^ He did it 
out of spite ; Lo hare fXir Yd, I will do it for you 
(for your sake). 

3. Por after a verb in the passive voice denotes 
ngencv, and is translated “ by.” Example : 

/i/f cn'ado por th. He was brought up by 
his uncle. 

Prepositional Phrases 

adt tfta^ dc, besides d causa rfc, because of 
alrededor dc^ around, d cxc^pcion dt\ excepting 
about d fucrzo (ic, by dint of 

before (anterir) d razon dr, at the rate of 
d fa I'ista de, in sight (^f dt park de, on the part of, 
(d caho dc, at the end of from 
al travfs dc, across, de cam dc, from the house of 
through I n freak de, op|K)sitc 

d }xsdr di, in spite of < w I agar dt\ instead of 

Cl rca dc. near i a audio de, in the tnidst of 

d<hajo dcy under * a nz d \ instead of 

difnnk de, before (in la vista (fc, in view of 
front of) tnas alia rfc. beyond 

dtatro di, within, in* > /K»r causa dc, on account of 

dcspucs de, after /tor el lado de, on the side of 

dt trds dc, behind //or razon de, by reason of 

nicimadc,on sin tadtargo de, uotwith- 

Ju> ra de, outside standing 

/♦ ;V)<f do, far from juntaaienti con, together 

cop forme d. according to with 
conlrario d. contrary to en cuanto d, with rcsiKjet to, 
iunio d, near to as to 

rtspeclod, w ith re>|K’ct to ;>or < atre, l)etween 
Ujcank d, touching /)or tnciaia dc, over 
d casa de. to the house of fs>r d( irds di , l>ehind 

K\Euri-,i: XX (1). 

Translate into .Spanish : 

1. At tiie dinner hour, lafore the soup, under 
pretext that the table was not well laid, he gave 
the lamp a knock with his hand, and overturn^ it. 

2. During a thunderstorm fear made her faint. 

3. According to what they tell me, without 

doubt Mr. A, leaves to-morrow. 4. In spite of 
having no friendship for her, I went to see her. 
5. He came to .sc*e me at ten o’clock at night, 
and offered me those knives at ton dollars the 
dozen, ti. Wc will drive out in a carriage at night- 
fall. 7. I love that woman ; I am fond of her 
dog, and hate her family. H. This water tastes of 
earth. Little by little, they left, one by one, 
10, How’ do you like coffee, in the Turkish or 
the French manner ? 1 1. How did you go into the 

country — on foot ? I went on horseback. 12. Can 
you dine with me to-morrow ? No, I leave to- 
morrow morning for Paris. 13. Besides this purse, 
he gav(‘ me this silver jK*ncil. 14, There is shade 
under the titles, and it is a g(X)d thing they are in 
front of the house. 1.5. There is exquisite furni- 
ture in the house, and it is sad to think that 
after ho many years it is to Ije sold ; the sale 
will t.ikf* plaee on the lawn behind the house. 
10. .She (arne** over her shoulders a shawl worth a 
fortune. 17- HL•^ ignorance is in sight of all. 

Exkrcihe XX. (2) 

Translate the following into English ; 

1. Al cabo de veinte anos, cuando lo ereiamoH 
muerto : volvib a casa. 2. En vez de venir el inisnio 
niando su delegado. 3. Por razon de su desventura 


le jierdoiK' su ofensa. 4. En cuanto A lo que Vd 
me dijoho venido A saber que no es verdad. 5. Por 
eneima de las mon tafias cay6 el agua on forma 
de catarAtas, destruyendo todo, y la niuerte 
sorprendid A esa pobre gente on medio do su alegria. 
0. Mas allA del camino real encontrarA la vereda 
que conduce A la fuente. 7. Sin embargo de haberle 
dicho que no volviora mas, vino esta mafiana. 
8. Salio de casa de su ])adre para no volver mas. 
0. Me trajo una carta de pnrto de mi abogado: el 
])leito va nial. 

Commercial Fraaeologia 

Phraaeology Commercial 

1 beg you will return Lo ruego so sirva do- 
me this document after volverme este doemmento 
perusal despues de repasado 

To be responsible for Contraer la responsa- 
a payment bilidad de un pago 

We effect sale.s and Efectuamos ventas, y 
guarantee the payment, garantizamos el pago, 
charging you A per cent, eargandole A ®/o mensuaJ 
|)er month 

The different co[Me3 IjOS diferentes ejem 
forming a set plares que for man un 

juego 

At sight, sixty, ninety A la vista, sesenta, 
day.^’ sight noventa dias vista (d/v) 

To the order of Messrs. A la orden de los Sres. 
... or ourselves ....() de nosotros 

inisinos 

The sum of ... , at J^a siiina dc . . . , al 

(he exchange of ... . camhio de . . . . 

To force a ]>erson to ]*’orzar a una ]K*rsona 
kee|» the contract a (|ue cumpla su contra to 

To cancel, or annul a C’ancelur d anular un 
contract eontrato 

A contract in force Ln eontrato vigent© 

An expired contract Un eontrato eadueado 

Smuggled goods Mercancias de contra- 

ban do 

The promissory note El pagan' 

I’he im|)ort list l.,a li.sta de imiior- 

tac rones 

The market ojieiied El mcrcado a brio muy 
very firm firmc 

The market is ^ery El mcrcado esta flo 

slack jisimo 

The market closV.s El mcrcado cierra sin 

unchanged variacion 

Prices arc high Ixis precios eslnn altos 

6 elevados 

Prices arc imjaovirig Los jirecios estan inc- 
jorando 

Prices have a down- Los [irccios tienden A 

ward tendency la haja 

Wc are enabled lo re- Podemos anunciar unit 
port a slight improve- iigera mej(»ra en los 

ment in the prices pm*ios 

There is hardly an>- (’asi es nada lo que Be 
thing doing for trie mo- Imee }»or el momento 
ment 

The market offers no- El inereado no ofrece 
thing of a striking nature nada nuevo 

A falling market Un inereado en baja 

A letter of advice Una carta de aviso 

The share I>a ace ion 

The Post Office J^ii Adminislracion d© 

(kirreoH 

Th^ almanac El almHnu({ue 

The shipow ner El armador 

'I’he arrival 1.^ arribos 

The wine vaults l^as bodegas 

The Stoc k Excliange ' La BolMa 
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The blot El borion 

The rough proof El borrador 

Wo quote cocoa froiu Cotizamos el cacao do 
70s. to 80s. 70s. k HOs. 

It is difficult to make Sc hace dificil cotizar 
correct quotations atinadamente 

The quotation for j^a cotizacion de cafe 
coffee is merely nominal cs j)aoramenie nominal 
No business of note No se han efectuado 
has been effected ningunos ncgocios dignos 

de reseharse 

The buyers are already Los compradores se 
stocked hallan ya abastccidos 

A general desire has La tendcncia general 
prevailed to effect sales ha sido a efectuar ventas 


In cotton, a good many 

Se han llevado 4 cabo 

transactions have taken 

muchas opcraciones en 

place 

algodon 

The demand has di- 

La deman da ha dis- 

minished 

minuido 

The safe, thestrong-hos 

: La caja de hierro 

The cashier 

El eajero 

Copper (money) 

Calderilla (f.) 

The desk 

El escritorio 

The pigeon-lioles 

Los casilleroa 

To register 

CcrtiGcar 

The consignments 

Las con.signaciones 

The bill of lading 

El conocimiento de 
cm barque 

A circular 

Una circular 

Ci'edit 

Crt^ito (m.) 

To copy 

Copiar 

A broker 

Un corredor 

A correspondent 

Un cones ponsal 

Specie 

Efcctivo (ill.) 

To write 

Escribir 

The book-case 

El ostante de libros 

The invoice 

La factura 

The date 

La fee ha 

The freight 

El fleto 

The signature 

La firma, rubrica 

The draft 

El giro 

The eraser 

La goina de borrar 

The balance-sheet 

El ho] a dc balance 

Uoods 

Mcrcancias (f.) 

Current money 

Moneda corriente 

The counter 

El mostrador 

The samples 

Las muestras 

The office 

l.a offeina, el despacho 

The writing-papei 

El papel de cartas 

The blotting-paper 

El papel secante 

The sealing-wax 

El la.-re 

'J"ho penholder 

El palillero 

Hard cash 

Pago al contado 

Private 

Particular 


The parchment El pergamino 

Weight Peso (m.) 

The pen pluma 

A steel pen Una pluma de acero 

The postcript La posdata(f.) 

The ooi)ying-machine La prensa de coju 

To borrow Pedir presfado 

The receipt El reel bo (m. ) 

The claim La reclamacion 

The ruler La regia 

The envelope El sobre 

To underline Subrayar 

The puldic sales l^s subastas 

The copying- ink Lfi tinta de copiar 

A note Un volantc 

Key to Exercise XIX. (1) 

I. Es cierto que su conducta did prueba de 
valor. Uiertamente que nadie lo hubicra creido. 
2. Orgullosamcntc rehuso la reconi|)ens.i que Ic 
fue ofrecida; en este caso su orgullo fue justo. 
.‘1. Muy contento se quedo con el regalo que le 
hicieron. i Quedo contento ? C'ontentisimo. 4. 
Muchisima gente acudio para ver la procesion. (No 
se sirve del supcrlativo, sera suficiente decir que 
mucha gente acudio.) 5. Sienipre tue perezoso, y 
jamas se corregira do ese defecto. j No ]:)erdamo8 la 
esperanza ; quizas con la edad se corrija ! Tal vez 
s<‘a asi, i>ero temo que no. (i. Dio prueba de aer 
prudente nl retirarse de la contienda. Yo diria 
que prudentemente se rctird, pues su desventaja 
era clara. 7. i No niego que cs cortes, f)ero no es 
persona grata, y quisiera cortesmente dccirle, 
adios ! 8. Recientemente murid nucstra amiga, y 

tambien el recien nacido. 

Key to Exercise XIX. (2) 

1. Happy is he who lives a trancjuil life without 
great events ; there are many to whom this hapj)en8. 
2. Hardly had he inherited a large fortune, than 
he squandered it. 3. Probably the public wull sing 
our praises when it learns wdiat w'C have done, 
without understanding the motives which impelled 
us. 4. Our friend retires early, and rises late. 
5. Up and down, in and out, here and there, w ithout 
ceasing all day, until we got tired of seeing him and 
closed the door, and I fear he will never forgive 
us the affront. G. He discoursed to us lenrn^ly, 
explaining various subjects, very cleverly ex- 
pounded, but extremely tedious. 7. He gave more 
or less all he possessed to the poor, and that was 
very little; I should willingly have added something, 
but feared to offend him. 8. The room was tilled 
with smoke, and I blindly sought for the door. 
9. The moment that I saw him I knew him, and I 
immediately spoke to him. 


Continued 


ESPERANTO 

CONJUNCTIONS 

Esperanto possesses in all about 
sixty conjunctions, many of which 
nre adverbial. They are used 
to link words and sentences 
together, and their position is 
indicated by the context of the 
sentence. Resides kaj (and), which 
has already been introduced, the 
following are the most important 
conjunctions, with examples show- 
ing the manner of their use. 


froiu 


Anstatail*^ instead of. 

Example : Li sidis sur la herhuy 
amtatafi labori. Ho sat on the 
gross instead of working. 

Antaii ol*, before (time). 

Example: St forkurisj anian 
ol mi vidis Hn. She ran away 
liefore I saw her. 

• Any verb immediately following 
these words is always in the iutinitive 
mood. 


By Harald Clegg 

.4//, or. 

Example : Mi dems trt, au 
mi aJvenos malirue^ I must go, or 
I shall arrive late. 

for, because, since. 

Example : Mi devas obei, w 
tn ordonas mint I must obey, 
since you oixier me. 

Dunu during, while. 

Example : Li restis silente 
dum la pastro paroluSt He le- 
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mained silent while the priest 
spoke. 

Gis, until, up to, as far as. 

Example: Li dauris kariti, {its 
mi foriris^ He continued to sing 
until I went away. 

Ke, that. 

Example : Li Iredckc, he mi 
estas rira. He believes that I 
am rich. 

Kmnkam, although. 

Example: Mi renkonlos vin. 
ktxinkam mi ne deziras vidi riw. 
1 sliall meet you, although I do 
not desire to see you. 
neither. 

EIxample : Mi nek tnotw, nek 
parolo^ unit txirfon, I shall not 
stir, or speak a word. 

Se. if. 

Example : Li danlxi^ wn, se 
vi donos ffin cd h\ He will thank 
you if you give it to him. 

Sed, but. 

Example; I’l tnmpis min. 
.<tfd mi rin ^tardonas. You 
deceived me. but T forgive you. 

Tamen. however, nevertheless. 

Example: Vi parolas tre malk- 
lare, tamen mi vin ktnnprena^. 
You speak veri’ indistinctly; 
nevertheless I understand you. 

From many of the root -words 
given in the vocabularies, adver- 
bial conjunctions may Ik* formiKl 
>ii(*h a.« alti, otherwise; cttcre, 
for the rest : noinf, that is to say : 
and for this reason such words are 
not included in the abo\c list of 
conjunctions. 

INTERROGATION 

To form an interrogative 
sentence in Esperanto, ru is 
placed, at the lieginning. Tliis 
word performs the same offices 
as the English do, does, did ; 
and in adding u no change 
takes place in an affirmative or 
negative Esperanto sentence. 
Examples : 

Via frato kantLs^ Your brother 
sang. Gu via fraftt kanlis ? Did 
your brother sing ? La riro ne 
kuriA^ Tlic man did not run, 

< H la viro ne kuris ? Did not 
the man run ? 

('u is also used to form indireet 
questions ; in such cases repre- 
senting “ whether.’* 

Example: La repo sria^, ht 
li eMa^s prova au malprava. The 
king knows whether he is right 
or wrong. 


In this connection, careful dis- 
tinction must be made l)etween 
English “if” and “whether,” as 
the former is often applied in 
phrases containing indirect ques- 
tions, 8 e (if) is purely a conjunc- 
tion of supposition, or of condition. 
E.vamplea : 

Mi iros se vi konsentas, I will 
go if you consent. Mi ne sciaa 
ru tn konsentas, I do not know 
if you agree. 

A sentence may contain a 
direct and an indireet interro- 
gation, in which ease cw is used 
in Iwth places. Example: 

Gu vi scias cu li venos ? Do 
you know w'hether he will come ? 


VOCABULARY 

ar{ient\ silver fnanier\ manner 

hot', boot tnar\ sea 

daur\ endure, mez\ middle 
last modesi\ modest 

dir', say, tell man', money 

donor', (to) pre- wort', die 

sent muU'^ much, 

cAper', hope many 

flu', flow' najbar', neigh- 

fum', smoke liour 

humiV, humble natnr', nature 
h\tm)r\ humour, nefurt', fog 
temper neces', necessary 

instru', instniet netf, snow^ 
invU', invite* nepr', unfail - 
kalkul', calcu- ingly 

late, count nigr', blac'k 
kof(z', cause, nor', new' 
reason wwfi', cloud 

kohr', colour okiip', occupy 
hon pren'y under- ond\ wave 
stand or', gold 

konklud' con- orel', ear 
elude parker', tho- 

kontent', content roughly, by 
konvink', eon- heart 

vince pen', try, en- 

koreApond', cor- deavour 
n'sjKjnd riccr', receive* 

ktira/, courage varm', warm 
larg', broad veAper', evening 

If cion', lesson reter', w (gather 
long', long 

ExERe iSK \'II. 


During the foggy weather and 
the* cold w'inter days I remain at 
home and learn le'Hsons on Es- 
}K*ranto. I can re^-kon from one 
to a hundre»d thousand without 
difficulty. As time* is short, how- 
ever, and I have much to do, 1 
will endeavour to convince you 
to-morrow if you agree. Do you 
w ish te> correspond wdth me ? 
"]'h<‘ clouds are very black, a cold 


Continued 


wind blows, but I hope that we 
shall not see snow to-day. We hear 
by our ears and see with our eyes. 
Although he received many gifts, 
he was very discontented. He is 
very rich, but he is nevertheless 
naturally humble and modest. 
Our neighbour is very conceited 
and cowardly. The lesson w'as 
short, and the boys learned it by 
heart. As the wind blew lightly, 
the w'aves on the sea were small, 
and I was not ill. Did he not toll 
you that he intends to occupy 
himself wdth Esperanto ? Gold 
and silver are very nece.ssary. The 
soldiers’ boots are narrow, but 
they are long. 1 'he river flows 
through broad fields to the sea. 
Our new neighbour died in the 
middle of the night. His manner 
was very strange, but before dying 
ho tried to convince me that he 
had (has) much gold and silver. 
Did he not tell you that he would 
(will) pay you without fail to- 
morrow' 'i 

Key to Exercise VI. 

En frua mateno la aero estas 
tre fresa. La glavo estas akra, 
kaj facile trancas. Mi havas du 
manojn kaj dek fingrojn. Unue 
mi dezirivs diri la veron, kaj due 
mi volas esti agrabla. En la 
kamjK), ce la dekstra flanko, 
staras du maljunaj arboj. 
Morgan ni intencas veturi al 
Londono en la kaleAo. Puto 
havas dek du colojn. Vi no 
(levas forgesi lemi Ekzercon 
sesan. La infano dolce dormas 
sub la hela lumo de la luno. 
Li legis la dekan voluraon unue. 
La j una soldaio estas malsaga kaj 
mallerta. Mia fidela hundo 
atendos min, kaj mi ne forgt‘80s 
doni viandon al gi. Hi faris 
grandan eraron, kaj kasis la 
l>elan juvelon. Viaj junaj 
amikoj (‘stas tre kapablaj. Mia 
eraro ne estas tre grava, kaj mi 
ne volas vin trompi. Tridek ok 
kaj dudek s<‘p faras sesdek kvin. 
Semajno havas sep tagojn. La 
unua estas dimanco, la kvara 
estas merkriHio, kaj laste venas 
sabato. Hi restos hejmc dum la 
tago. Morgau matene mi 
atendos vian alvenon je la xiaua 
boro. La lerta kaj kapabla 
knalK) staras eti la unua vico. 
Li a oelo cstis trompi la re/^on, 
forpeli liajn aoldatojn» kaj kasi 
sin. 
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REARING & FEEDING POULTRY 

Group 1 

AGRICULTURE 

Selecting Eggs for Sitting Hens. Care of the Young Chickens. 

36 

Hencoops and Chicken-runs. Rations for Chickens and Hens 

rotiTK\ 

coiitiiioed from pAse 4Rj8 
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By Professor JAMES LONG 


'TO obtain healthy and strong chickens it is 
* necessary to set the largest and best formed 
eggs laid by the healthiest hens. The breeding 
year begins with January, when adult hens lav 
but few eggs. If the eggs of pullets are usedi, 
they should be carefully chosen from the largest 
and strongest birds, the first ten eggs laid being 
set aside. As more trouble is involved in mid- 
winter, the greatest care should be exercised in 
the selection of the hens, as well as of the eggs 
they lay. As an egg is produced, it should be 
gathered and laid in bran for prot^tion against 
frost and damage. As sitting hens are not too 
common at this early period, the incubator is 
often employed, but in its absence a nest may 
be made in a sheltered shed or outhoiise, into 
which vermin cannot enter, and where the hen 
will remain in comfort, and be able to feed daily. 
The nest-box [48] may bo 16 in. by 18 in. by 18 in., 
without a bottom, and with a hd hinged to fall 
down in front. If necessary, a wire run which 
will confine the bird, may be placed in front, 
that she may leave her nest and feed and drink 
at will. Such a box and run will be suitable 
for outside work in milder weather [«]. If 
vermin are prevalent, wire netting may be laid 
beneath both box and run. 

Making the Nest. A nest is made by 
filling the bottom of the box with fine soil, 
especially in the angles 

or comers, and scooping — — 

out the centre. Upon |T [ < 'i ■ ' > " 

this may l)e laid oat- 
straw cut in 12 m. I 

lengths, the corners again « 

being filled to prevent 

the hen pushing or drag- 
ging the eggs from the 
centre and leaving them t ~- - 
where she cannot move 49. vermin -proof coop 
them bock. The best 

sitters are those containing Dorking or Asiatic 
blood; Orpingtons, Rocks, and Wyandottes 
are all useful. Before a hen is placed upon her 
eggs — and a few dummies [50] should be used 
until she has settled in her new quarters — a little 

insect powder may be 

dusted, or paraffin rubbed 

under the thighs and 

wings to prevent vermin 

disturbing her. A hen , m 

which is troubled with 

insect parasites will often 

forsake her eggs. Before 50. dummy equ 

sitting, each egg should be 

marked in ink on the small end with figures 

or letters, that its age and parentage may 

be recognised for subsequent recording. At 


nen • • • • 

with 


the end of three or four days— earlier m 
the hands of an expert — the eggs may be 
examined before a candle or the sun, that 
those which are clear or unfertile may be 
removed, and used for the chickens or in the 
kitchen, as they are perfectly good, and the nest 
made up, if necessary. The infertile egg 
resembles the new-laid egg in its opacity, while 
the fertile, like the addled egg, is dark, the former 
growing darker, and showing a sharper line below 
the air space at the large end. If two or more 
hens are set together, the removal of the clear 
eggs will enable the breeder to make up the 

t sitting — thirteen being the usual 
numl^r of eggs forming the 
nest — so that one or more hens 
may be supphed with fresh lots. 
Success in hatching chiefly de- 
pends upon heat, which the 
hen supplies; moisture, which 
prevents the membrane within 
48 SITTING ft<i^^ring to the shell or the 
NEST-BOX embiyo, and ai^ 

A Special Sitting-house. 

Where large numbers of chickens are hatched, 
a special sitting -house [58] may be employed, 
and the nest-lK>xes constructed in rows, one 
row above the other. If the hou«ie is large 
enough, one set built on two or three sides of 

the floor of the apart - 

‘ I "njjjv ment may be sufficient. 
|js< In such a case, the lids 
ijji are better at the top, 

I and in all cases there 
should be ventilating 
holes, unless the lid is 
slatted. In such a house, 
I 1 which must be well venti- 
lated, a few metal show 
WITH COVERED RUN coges should be provided, 
in which water and food 
are placed each morning. As each hen is removed 
from her nest, she is placed in a cage and allowed 
to feed for 15 to 30 minutes before replacing. 
She should be gently lifted under the wing'% 
both flights and legs being grasped. While 
feeding, the nests should be examined, either 
for testing the eggs or for removing those which 
are cracked or broken, if any, or cleaning those 
which are soiled, and at the same time removing 
the soiled straw. At night the house may be 
entered, to ascertain by listening whether 
any hens are uneasy from the attacks of 
insects. Every nest-box should be well lime- 
washed, and insect powder may be dusted 
over the straw. Lime should follow the 
removal of a hen, or precede the introduction 
of a successor. 
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How to Toot the figgo. When the 
liotelimg doy arrives, tho em may be examined 
at the usual hour, unless chickens have left 
the shell. No attempt should be made to 
remove the chicken from the shell by force. 
Such practice is usually fatal. In some 
cases, the eggs iuay be sprinkled with warm 
water the day b^ore hatching. If they 
are abnormally dry, the steaming which 
follows on the return of the hen will 
assist the chickens to emerge. Eggs which 
have not hatched, if examined before a 
light, will often be recognised, fay the dull 
line below the air chamber, os addled, dr 
that the chickens within are dead. If, however, 
such eggs are placed in a bowl of warm water, 
about 90° F., further information may be gained. 
Those living will usually float, and the eggs will 
move, while those which are worthless may sink. 
Eggs which 
are not chip- 
within ^ 
rs after 
hatching i s 
due may be 
broken at the 
large end, and 
examined, 
when the 
chick will 
usually be 
found dead. 

Death in the 
sbe^l may be 
owing to want 
o f moisture, 

Rtrei^h, o r 
vitality. 

Removal 
to the Coop. 

The ben and 
her chickens 
may be re- 
moved, when 
hatching i s 
complete, to a 
coop, placed 
in winter in a 
sheltered 
apartment, or 
in spring and 
summer cm a dry path or plot out of doors, 
the ben being then well fed. Her chickens, 
supplied by Nature with the yolk of the egg, 
really need no food for 18 to 24 hours. It 
i« now important to protect the young birds, 
although not to coddle them, and to keep them 
clean and healthy. They must be kept free 
from insect parasites, and nev^ afloat to 
drink or feed upon tainted focKi or water. The 
coop shoukl never be placed where either 
chickens or poultry of any kind have, in the same 
or the previous year, been running. A pore, dry 
soil is one of thd essentials. In winter, an out- 
house, €>pen to the sun and air, the floor being 
well and thickly smided, or covered with dry 
ettrtib, w one of the best places for the ooops. 
From such a floor the droppings may be daily 


raked, but the apartment must bo vermin- 
proof. 

If the soil be wet or damp, it may be drained 
either with pipes, bushes, or open grips. Tho 
best soil is not sand, gravel or ohmk, but 
loam, or any rich soil which produces 
abundant crops, for here insect life and 
vegetable food will be most plentiful. 
Early broods need shelter from wind and 
rain, hence the importance of double 
ooojps, or small, enclo^ miniature houses 
with substantial wood - covered runs 
attached [58, 58, 80J. 

Coopa. Coops are made in many forms, 
with and without bottoms, with doors to close 
up in front at night, and to form platforms by 
day, with shelters and with fieoding placc^ 
The illustrations [52, 5I<, 55, 57 and 59J explain 
this. Coops are made in large variety at 

little cost, and 
should alwa3rs 
be of plan^ 
and painted 
wood, but tbey 
should be 
either painted 
or Kme- washed 
within each 
season. Al^ty 
to make coops 
and other ap- 
pliances is one 
of the qualifi- 
cations of the 
s u ccessf u 1 
poultry keeper. 
Where wooden 
bottoms arc 
employed i n 
coops, they 
should be daily 
cleansed and 
sanded. Coops, 
however, are 
not always 
needed. As tho 
chickens grow 
strong, tho 
hens may bo 
turned out 
where there is 
plenty of space to roam at large, and they will 
find a large propention of the they need. 
This freedom, however, should not be extended 
to the earliest months, or to land where tho 
grass is long and wet. 

Feeding the Chicliene, There are 
many breeders who prefer custard made of egg 
and milk as the first food of ohickeiis ; others 
supply chopped egg and hieadonimbs for two 
ot three days, subsequently introduemg curd 
made from milk, boiM buckwheat, rice boikHl 
in milk, crushed maiise, wheat or barley, paste 
made witli bariejnneal, Sussex ground oats, 
toppings, or middlings, boose scraps, dari, millet, 
wb^ buckwheat, and later, whole grain of 
other kinds. It is important, however, since 
cereab are deficient in bone-making matter, that 
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growing chickens shoul(^ obtain moat, bonemeal, 
which may be mixed with the cereal meals, or 
finely crushed bones. Bone not only contains 
the materials necessary for assisting growth and 
the production of bone, as phosphate of lime, 
but the albuminous matter w'hich assists in the 
production of lean flesh. 

Feeding should be practised on the principle 
ot little and often, diminishing the number of 
meals with the 
growth of the bird'^ 

Milk is at all times 

most valuable, but, ’ 

like water, it should 60. brooder and run 
be placed in a vessel 

in which the birds can only insert their beaks [61J. 
I’ainted water, and soft food thrown on the 
ground are common causes of disease. Where 
line-ground fresh bone or bonemeal is used— 
and but little is needed — meat is not essential. 
1'he best form of meat is the prepared granu- 
lated meat meal, or the intestines of the sheep 
or the bullock cleaned, boiled and minced. 

Purchasing Chickens for Rearing. 
If it is inconvenient to breed chickens, they 
may Ik' easily pur- 
chased at from 
two days to a 
month old at very 

1 oz., powdered ^ 

sulphur and crude gj exhibition c^ges 

petroleum, each 

\ oz., and lard sufficient for mixing. The 
breeder must use his own common-sense 
to protect his little flock against rats, stoats, 
foxes, and other vermin. As with hens, so 
Avith chickens, variety of food and frequent 
change are most advisable, but the variety 
may be more restricted as the birds grow. 
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61 . EXHIBITION C4GES AND TRAVELLING BASKETS 


When forsaken by or removed from the mother, 
the voung birds may be kept in larger parties. 
If the weather is cold, a “ cold mother ” — 
practically a non-heated mother — may be em- 
ployed, and here they wrill keep each other warm, 
while they may be protected by wire feeding 
runs outside. It should be an axiom to keep 
birds in lots of one size, but as they grow, and 
the sexes develop, the cockerels should be 
separated from the 
pullets, each sex being 
» ^ j placed in a large, dry, 

K I* ^ ■ sheltered grass run in 

. which is a warm, dry, 

well- ventilated house, 
fitted with broad 

J * ^ Feeding Adult 
M Hens. The feeding 

j L I of adult hens de- 

® mands close study 

I -* attention. The 

J.- wt composition of the 

■ food differs from that 

supplied to other 
>R VERY YOUNG CHICKS domestic stock foi 

two reasons —first, 
because the composition of the body of a fowl 
consists so largely of protein, the nitrogenoas 
constituent of food; and next because the egg 
is exceptionally rich in the same material. The 
body of an unfattened fowl consists, to the 
extent of one-half its dry matter, of protein 
and no less than 8 per cent, of mineral matter, 
hence the importance of supplying food like 
bonemeal or ground bone, both of which are rich 
in these materials. Analyses of the entire carcases 

of birds have been 
made at the ex- 

'D TRAVBUJKO BASKtTS ^ioA'Ad'.thePOmj' 

position of its 
bodv would have closely resembled that of the 
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Lri^oms. There is. too, a striking resemblance the food is required for the maintenance of 

b etw een the composition of the egg and of the the body or carcase. The food consomed 

adult fowl as regards its general pro^rtions beyond this proportion is available for the 

p'llie Feeding of Animals/' by Professor Jordan ; production of the egg in the one, or for the in- 

Maomillan]. Whereas the dry matter of the crease of the weight of the other. The weight 

carcases of adult hens contained 48*9 per oont. and composition of a maintenance ration depends 

of protein, 38*5 per cent, of fat, and 8*6 per cent, upon the size of the bird. Thus the Cochin 

of ash, the dry matter of the eggs analysed r^nires a greater weight of food for its main- 

contained 49*8 percent of protein, 38*6 per cent. tenanoe than the Hamburgh, but the smaller 

of fat and 3*5 per cent, of ash. The protein of quantity of food is required for each pound of 

the egg, of which the white is so largely com- increase as between the smaller and the larger 

posed, is practically sufficient for the production breed. Professor Jordan quotes the results of 

of the chicken. It will, however, be instructive the feeding of 52 capons varymg from 9 lb. to 

to quote other figures, obtained by the same 12 lb. in weight which were fed for 158 da3rs, 

experimenters, showing the proportion of food and of 60 hens varying from 3 lb. to 7 lb. which 

to carcase. were fed for 150 days. The digestible, nutritious 

matter required per day for each 100 lb. of live 
weight was as follows : 


a Not draini b After reinoviiiij: Bhells <• KggR with «h«ilA 

In feeding the ''cn, not only is a mixed ration It will l)e observed that the laying hen 
the best, but it is next to impossible to obtain apparently requires a ration richer in protein 

the same results whew the birds are regularly and ash than the non- laying hen. The same 

fed upon one variety of food. authority suggests the following as an approxi- 

The Value of Phoophate of Lime, mate ration for laying hen. 

The employment of a food containing phos- 
phate of lime is most essential, and in 

practice it is found that the addition of 
booemeal or ground fresh bone to grain 
food is superior to that of feeding upon 
meat, especially red meat, which is much 
richer m mineral matter than grain. If meat 
IS supplied to hens, the white, cleaned. These figun's form a basis upon which the 

i'ooked and minced intestines of animals intelligent poultry keeper can work, 

should l>c preterred. Although fat in the form Rationa for the Larger Breed. Amain- 
<if«uet may be given to chickens w'ith advantage, tenance ration for a hen of the larger size may 
to ^courage &ir growth, it is not suitable for l)e composed of a mixture of 1 part each of maize 

he£, except when added in small quantities to and maizemca.1, ^ part each of ground oats, 

meal for the purpose of fattening. Green or dried wheat middlings, and clover Hay, } part of fresh 

clover heads, and lucerne are useful additions bone, and J part of meat scraps. For laying hens 

to a poultry ration ; they are believed to inten- of larger size the following is suggested: 1 part 

sify the colour of the yolk of the egg, but while of maize, J part each of whe^t, maizemcal, and 

both are rich in protein, that from animal sources ^^n lucerne, I part each of wheat middlings, 

and particularly from l>onc, is regarded as the buckwheat middlings, and wheatmeal, and 
most economical. In feeding poultry, young ^ of fresh bone. 

or adult, grit should always be provided. It Hone and peameal may be added to cereal 
IS essential where grain food is used, practically meals for the purpose of increasing their protein 

becoming the millstones within the gizzard, value. Linseed meal or crushed linseed cake may 

the great duty of which is to grind, and thus besimilarly supplied where, in addition to protein, 

jweparc the already softened com for digestion oil is required. In feeding chickens, the quan- 

and absorption. Coarse sand may he em- tity of matter in food which has been shown 
ployed in the same way for chickens. All to be necessary for 100 lb. live weight during 

poultry benefit by the occasional use of salt, the first fortni^t is 10 lb. This decreases by 1 lb. 

A chicken which by good feeding has reached the per fortnight, until, at the age of 12 weelm, the 
w'eight of 2 lb. in ten weeks, has increased its bird roijuircs only 5 1 lb. of dry matter per 1001b. 

weight more than 160 per cent., while a duck- live weight. The protein needed at the former 

ling which reaches 5 lb. in a similar period has period is 2 lb., diminishing to 1 lb. aat the last 

mi^ a gain of more than double this fi^re. period, whOe the carbohydrates, chiefly starch 

The Main tenance Ration. It must and sugar, required for the first fortnight are 

be rememlicTed that in feeding cither the about 7 lb., gradually diminishing to 3|lb. at 

hen or the chicken, a certain proportion of the end of three months. 

Continued 
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By Dr. C. W. SALEEBY 


VJT/HEN we contemplate war as a fact of 
^ history and not merely as an occasional 
possibility of to-day we shall find warrant for 
studying it at this stage and not regarding it 
as merely one of the lesser subjects of sociology. 
Indeed, the relations of any society to war are 
amongst its most vital relations, and since they 
actually determine the very form and destiny of 
society, and have played a leading part in the 
past, they must be considered as all but funda- 
mental, even though their present significance 
has so vastly diminished. 

The Struggle between Societies. In 
this particular subject we may closely follow the 
teaching of Herbert Spencer, which has not 
needed nearly so much revision in later years, 
as, for instance, his work on the subject of 
marriage. If there is any part of sociology of 
which it is true, as we have said, that the 
sociologist is compelled also to be a moralist, 
and, unlike those who deal with other sciences, 
to pass judgments upon his facts, the study of 
war muht be that part, and we may find it 
necessary to recognise here, as in so many other 
instances, a soul of good in things evil. 

Our immediate subject is war in the ordinary 
sense of that term, and not what the French call 
“ les luttes sociales.” In the widest sense, the 
necessity for struggle or contest is one of the 
fundamental facts for the sociologist, and we 
shall certainly look more philosophically upon 
war — that is to say, upon military war — if we 
recognise its fundamental identity •with many 
other kinds of social struggle ; with, for instance, 
industrial compietition, and with even “les luttes 
pour le travail,” or the struggle for work. War, 
indeed, or military struggle between societies, 
iS evidently, when we come to think of it, only 
the earliest, the most primitive, and the most 
brutal form of the “ struggle for existence ” 
as it is waged between societies. 

The Workers must Destroy War. 
Now if t iiese adjectives are warranted, we shall 
expect to find, as we do find, that in early times — 
though not perhaps in the very earliest times, 
when there w’as plenty of room and food for every- 
body — war was the permanent, chronic, normal 
state of all active societies. We have, indec d, here 
what we may recognise as the military strge of 
society. In those times the society that was not 
military would be immediately subjugated, and its 
identity would rapidly disappear. At this stage 
there could not persist such a society as that now 
represented by Switzerland. Fighting is the 
necessary and permanent business of all able- 
bodied men, and since its importance is 
supreme for the society, it follows as a natural 
consequence that women in such a society will 


occupy a humble place. The only worth of 
woman is as a potential mother of soldiers. 
There are many superfluous women, since fighting 
keeps down the numbers of the men. Thus we 
expect to find polygamy practised by the most 
successful men ; we expect family life to sutler, 
as it always does, when it is opposed to mili- 
tarism ; we expect to find a high birth-rate 
but a very high infant mortality rate, as well as 
a very high general death-rate ; we are not sur- 
prisea to hear that the aged are despised or even 
disposed of ; we find it a consistent action of 
the Spartans, for instance, to expose to the 
wolves all weakly or malformed infants ; and 
we can at once understand the prevalence of 
female infanticide. All these are characters 
which make for the bestialisation of the society ; 
displayed in extreme degrees, as they were by 
the Spartans, they must even make for its 
extinction. Yet, at the military stage, the 
military interest is foremost, and whatever not 
unduly serves it makes for the life of the society 
in its struggle with its neighbours. 

War as a Social Organiser. Our judg- 
ments in the main are adverse. Neither the lover 
of the good nor the lover of the beautiful can 
admire such a military society, yet, as impartial 
students, we have to recognise the soul of good 
in things evil even w'hilst we regret the necessity 
for the evil. We have even to recognise that the 
military stage, given the facts of nature and 
human nature, was actually necc8saIy^ ine\nt- 
able, and ultimately beneficial in the develop- 
ment of human society. It was. indeed, the 
necessity of war that led to the beginnings of social 
organisation. In the first stage of the evolution 
of the social organism we find — in remarkable 
parallel to the individual organism, as Spencer 
pointed out — “ the masters, who, as warriors, 
carry on the offensive and defensiv'e activities 
and thus especially stand in relation to the 
environment ; and the slaves, who carry on inner 
activities for the general sustentation. primarily 
of their masters, and secondarily of themselves.” 
Indeed, we find that “ eveiy^here the wars 
between societies originate governmental struc- 
tures, and are causes of all such improvements 
in those structures as increase the efficiency of 
corporate action against environing societies. 

. . . The governmental military organisation 

of a society is initiated by, and evolves along 
with, the warfare between societies.” In other 
words, “ there is thus evolved that part of its 
governmental organisation which conduces to 
efficient co-operation against other societies.” 
The evil is undoubtedly evil, and yet— so 
strange is human life — it may be the parent 
of the good. 


5095 




HOOIOLOQV 

The Militair Society* What, then* 
are the characteristics of the military or earliest 
iinportcmt stage in society ? As Herbert 
Spencer well puts it, “ the militant type is one 
in which the army is the nation mobilised while 
the nation is the quiescent army, and which 
therefore acquires a structure common to army 
and nation. The trait characterising the militant 
structure throughout is that its units are coerced 
into their various combined actions. As the 
soldier s will is so suspended that he becomes 
in ever3rthing the agent of his oflficeris wiU, so 
is the will of the citizen in all transactions, 
private and public, overruled by that of the 
Government. The co-operation by which the 
life of the militant society is maintained is a 
rxmpulsory co-operation.” 

TTiese are facts which have to be reckoned 
with in the present controversy between the ideals 
of individual liberty, on the one hand, and collec- 
tive authority on the other hand. The earliest 
stage of societies, which is the military stage and 
the lowest stage, is also the most completely 
collective stage. There is no individual liberty, 
there is scarcely any possibility for the develop- 
ment of the individual bfe ; there is “ compulsory 
co-operation.” 

In passing judgment upon this stage we shall 
find ourselves influenced by our beliefs regarding 
heredity, which has been admirably discussed 
m another course. Herbert Spencer followed 
Lamarck in believing that acquired characters 
are inherited. He was therefore able to infer that 
the military stage of society has been of great 
psychical value as a means of disclipline. Our 
present capacity for self-restraint and self-control, 
such as it is, for obedience to authority, for long- 
sustained and assiduous labour — all these may 
be supposed, on the Lamarckian theory, to have 
been inherited by us in consequence of the 
military education of our forefathers. If, on the 
other hand, we believe, as we are compelled to 
believe, that Lamarck and Spencer were wrong, 
and that acquired habits of discipline cannot be 
transmitted to children, we shall be unable to 
thank the military stage of society for haring 
done us such a service. This, of coumc, is by no 
means to say that the stage was not necessary on 
the way t-owards the evolution of higher social 
forms. 

The Industrial Society. There is 
now extant no society which is purely military. 
The whole conditions of life have profoundly 
changed. Man can no longer live by war 
alone, and we may hope and believe that 
that stage is for ever past. But we may best 
recognise the present relations of society to war 
if we consider the next sharply marked stage of 
society. We shall then see that the nations of 
to-day, in general, display in varying degrees 
the characters of both these stages, and we shall 
see reason to believe that they suffer greatly 
from their present incapacity to slough off the 
disabling and degrading armour of war. 

The next great stage that societies display 
is the industrial stage. The charactenstic 
of the industrial type is that it does not live 
by war alone. Instead of stealing the means 
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for life from its neighbom's, and instead of 
making slaves of its neighbours, or being 
enslaved by them — the enslaved people then 
performing the necessary industrial work — the 
industrial type of society devotes itself, as a 
whole, to industrial activities, just as the military 
type devoted itself, as a whole, to military 
activities. There is still co-operation within the 
society, but it is now not compulsory, but 
vohmtary. Spencer: 

“ All trading transactions, whether between 
masters and workmen, buyers and sellers of 
commodities, or professional men and those they 
aid, are effected by free exchange. This relation 
of voluntary co-operation, in which the mutual 
rendering of services is unforced and neither 
individual subordinated, becomes the predomi- 
nant relation throughout society in proportion 
as the industrial activities predominate. Daily 
determining the thoughts and sentiments, it 
produces social units whose mental structures 
and habits mould social arrangements into 
corresponding forms.” 

The Interesting Case of Germany. 

Reading these words, we must pass our own 
judgment upon them, not accepting the authority 
of even this mighty thinker, and we may ask 
ourselves whether the voluntary co-operation of 
industrial society may not sometimes be more 
apparent than real, and whether the present 
tendencies do not show that individual liberty 
may be, in some ways, as limited in practice in 
an industrial society as in a military one. Of the 
greatest importance are tlie changes which ensue 
when a society undergoes a metamorphosis — 
which may often be very sudden — from the 
military to the industrial type ; and no less 
interesting are the possibilities of a degeneration 
from the industrial back to the military type. 
The societies which we ourselves know are highly 
unstable in these respects. If we take, for 
instance, Great Britain and Germany, we see 
that while neither conforms to the military type, 
both are great military powers ; and that while 
neither conforms to the industrial type, both 
are great industrial societies. The rise of indus- 
trial Germany was extremely sudden, but did 
not involve a disappearance of militancy; and 
Germany in general very well shows, not onl}^ 
m its military, but also in its industrial aspects, 
those features of compulsory co-operation and 
regulation which are especially characteristic of 
the military type. Again, though modern 
Germany owes ite success to its industrial 
activity, that activity is subordinated to the 
military end, and this introduces us to a very 
interesting consideration. 

Tbe Three Ends of Labour. We 
may recognise with Spencer three distinct 
purposes, real or ideal, to which the products of 
industry may be put. Of these the lowest, the 
most Iwutal, and the most unworthy, is the 
purpose of maintaining a militant organisation. 
Here, indeed, the people labour for that which is 
not bread. The advances of science and civilisa- 
tion are prostituted to the perpetuation, on a 
scale unparalleled in the past, of the militarism 
which, in the past, was a necessary condition of 



the Burvival of any society. It may be possible 
rudely to estimate the status of the foremost 
nations of the world in this respect. We may 
leave pitiable Russia out of the account. To Ger- 
many must be allotted the bad pre-eminience of 
the almost complete prostitulion of industrialism 
to militarism. We ourselves groan under scarcely 
less a burden. Of course, there may be explana- 
tions and excuses, but here we are not concerned 
with them. On the other hand, we may contrast 
the United States of America and France. In 
the first instance, owing doubtless mainly to 
geographical and economic considerations, a far 
higher plane has been reached — the army being 
not the master of the nation, as in Germany, but 
its servant. In wonderful France, the home of 
so many great ideas, and also, of course, the 
learner of a recent terrible lesson, we find 
militarism more despised on principle than in 
any other great nation in the world. France 
has yet to recover from the war of the last 
generation, and even more from her service of 
the greatest soldier and criminal of all time. 
She now points the way to a forthcoming age 
when the names of all soldiers shall be 
forgotten. 

An Intolerable Waste of Labour. 

Then there is a second or higher purpose — vastly 
higher — to which industrialism may be put, and 
amongst the less military of the great nations, as 
well as amongst ourselves, we may observe this 
stage. Industry is now no longer prostituted to 
the mainU'nanoe of armies and navies. Except 
for purposes of defence — which assume the possi- 
bility of offence on the part of neighbours — a 
military organisatiou does not serve the worker. 
He is not allowed to enjoy what he earns. The 
labours of hundreds of thousands of men during 
the whole year are largely robbed of their 
personal reward in order that a battleship may 
be built. It is one of the fine and true ideas to be 
found in modem socialism that war is against 
the interests of workers of all countries, and that 
war may end if they come to an agreement with 
one another. It is outrageous that the labours 
of thousands in France should do absolutely 
nothing more than serve to neutralise the labours 
of thousands in England. Wliy should they not 
agree that it is not worth their while to fight 
each other, and, by their agreement, obtain 
the rewards of their own industry ? This 
great idea has only to be disseminated amongst 
the workeis of all countries to make war impos- 
sible, for money is the sinews of war, and they are 
its chief creators. If we take a non-military 
society, such as Switzerland, we find Spencer’s 
second stage realised. The products of industry 
are now employed “for material aggrandise- 
ment.” Life becomes less hard, there is leisure, 
and comfort, and prosperity ; the life-blood of 
the people is not drained. 

The Highest End of Industrialism. 
But there remains a yet higher stage, and already 
we find traces of it. Industry is still pursued, but 
its products are now turned neither to military 
pmposes nor exclusively to “ material aggran- 
disement.” Such a society devotes them “ to 
the carr3nng on of higher activities.” This opens 


out a great ideal, which it is worth while to 
consider further. 

In stodying war we find, as we hinted at the 
beginning, that we are actually studying the 
typM of society — the two studies cannot be dis- 
sociated, for its relations to war go far to deter- 
mine the type of any society. The typed which 
we have already recognised are the military and 
the industrial, Wc have further observed that, 
as a fact of to-day, we must join these two terms 
together, and describe as military ’industrial our 
greatest societies But our consideration of the 
purposes to which the products of industry may 
be put will allow us to introduce a new term. 

The Spiritual Type of Society. The 
present writer looks forward to a type of society 
which, in contrast to the past military type and the 
present military -industrial and industrial types, he 
has elsewhere ventured to call the spiritual type. 
In it we may hope to find realised the dream of 
Spencer ; the products of industry will then be 
devoted to the carrying on of higher activities. 
Indeed, we are already entitled to anticipate a 
time when the products of industry will require 
for their production only a quite insignificant 
proportion of the whole sum of human activities 
It is not merely that such a society will not waste 
its energies upon military aggression or defence — 
not desiring the one and not needing the other 
It is not even that industrial competition with 
its neighbours may become as relatively un- 
common as actual war is nowadays It is that 
men’s material wants will not involve the 
expenditure of any large part of their social 
energy. As the writer has said, “ In the 
spiritual type of society, where material wants 
are easily satisfied, men will be justified in 
devoting large portions of their time to those 
activities with which most of us are now justified 
in filling only the leisure part of life. Inter- 
national competition will remain to show itself 
in a noble patriotism, which rejoices — to use the 
illustration suggested by Carlyle — more in our 
Shakespeare than our India. ... To the 
industrialism of the present — which is at present 
a legitimate means to the legitimate end of the 
fulness of life — there will succeed, in the spiritual 
type of society, a nobler industry concerned with 
the accumulation of riches which neither moth 
nor rust can corrupt, stored in the mansions of 
the mind, wbere thieves cannot break through 
nor steal.” 

War for the Best. It is in such an age 
that art and thought will enter into their 
heritage, and above the champions of destruc- 
tive and constructive imperialism will be ranked 
the champions of constructive beauty and 
constructive thought. There will still be “les 
luttes sociales ” ; but they will have under- 
gone an utter transmutation. Men will not 
fight for gold, but they will compete for 
the lowest death-rate, the lowest crime-rate, 
for the construction of the best conditions of 
education, for the making of the noblest music 
and poetry, and for the discovery, recognition, 
and service of the highest truths. We are pre- 
peuring ourselves for the study of a subsequent 
subject when we observe that in Russia there 
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is an antooraoy<^f not in it very real sense — 
and an almost absolute monarchy in Germany ; 
whilst, at the other extreme, in the United States 
and Rrance wo find democracies. We must ask 
ourselves whether there is not a fundamental 
connection or correlation between various forms 
of government and militarism; but before we 
do so, and before we contemplate the modem 
tendency to a complete transformation in the 
nature of the weapons by which societies still 
fight with each other, let us broadly contemplate 
wrar as a fact. 

Physical Courage is not a Virtue. 

There are those who, often sincerely and disin- 
terestedly, often under the influence of a not 
ignoble patriotism, yet more frequently in self- 
interest or class-interest, still sing the praises of 
war. They deify brute courage, one of the least 
admirable traits of man ; they are adherents of 
the religion of enmity six days in the week, 
though on the seventh they profess the religion 
of amity. This famous phraseology is Spencer's, 
and from him we may quote a stinging paragraph 
of irony in which the common over-estimate of 
phv’Tsical courage is disposed of : 

“ Worthy of ''ighest admiration is the Tas- 
manian devil, which, fighting to the last gasp, 
snarls with its dying breath. Admirable, too, 
though less admirable, is our own bulldog — 
a creature said sometimes to retain its hold even 
when a limb is cut off. To be admired also for 
their ‘ pluck,’ perhaps nearly in as great a degree, 
are some of the carnivora, as the lion and the 
tiger, since, when driven to bay they fight against 
great odds. Nor should we forget the gamecoc’k, 
supplying as it does a w ord of eulogy to the mob 
of rouglis who w itness the hanging of a murderer, 
and who half condone his crime if he ‘ dies 
game.’ Below these animals come mankind, 
some of whom, indeed, as the American Indians, 
bear tortures without groaning. Aijd then, con- 
siderably lower must be placed the civilised man, 

^ who. fighting up to a certain point, and bearing 
considerable injuiy% ordinarily fields when 
further fighting is useless.” 

The Battle of Dumdrudge. And here 
is (Mie of the most famous passages that Carlyle 
ever wrote, from “Sartor Resartus’’ : 

“ What, speaking in quite unofficial language, 
is the net purport and upshot of war ? To my 
own knowledge, for example, there dwell and 
toil, in the British village of Dumdrudge, usually 
some five hundred souls. From these, by certain 
‘ natural enemies ’ of the French, there are suc- 
cessively selected, during the French war, say, 
thirty able-bodied men. Dumdrudge, at her own 
expense, has suckled and nursed them ; she has, 
not without difficulty and sorrow, fed them up to 
manhood, and even trained them to crafts, so that 
one can weave, another build, another hammer, 
and the weakest can stand under thirty stone 
avoirdupois. Nevertheless, amid much weeping 
and swearing, they are selected, all dressed in 
red^and shipped aw ay, at the public charges, 

ffh 2,000 miles, or, say, only to the south of 
4 il and led there till w anted. And now to that 
in the south of Spain, are thirty similar 

5096 


French artisans, from a French Dumdrudge, 
In like manner wending ; till at le^h, after 
infinite effort, the two parties come into actual 
juxtaposition, and Thirty stands fronting Thirty, 
each with a ^n in his hand. Straightway the 
word * Fire I ’ is given and they blow the souls 
out of one another, and in place of sixty brisk, 
useful craftsmen, the world has sixty dead car- 
cases, which it must bury, and anew shed tears 
for. Had these men any quarrel ? Busy as 
the devil is, not the smallest I They lived far 
enough apart ; were the entirest strangers ; nay, 
in so wide a universe, there was even, uncon- 
sciously, by commerce, some mutual helpfulness 
between them. How then ? Simpleton ! Their 
governors had fallen out, and, instead of shooting 
one another, had the cunning to make these poor 
blockheads shoot. Alas ! so is it in Deutschland, 
and hitherto in all other lands ; still as of old, 
Avhat devilry soever kings do, the Greeks must 
pay the piper ! ” 

But there are other grounds ; there are other 
opinions which the lover of peace must meet 
before he is entitled to pronounce a final judg- 
ment upon war. We have just painted to the 
best of our imperfect ability the picture of such 
a society as may be, but we have to answer those 
who, though not accepting the Lamarckian theory 
of heredity, and though entirely ignorant of 
Spencer’s opinion of war as an organising agent 
in the early stages of society, yet maintain on 
various grounds that any society which abandons 
W'ar is on the way to degeneration. 

The Delusion of the Poets. War 

has served men in early stages by leading to 
the extinction of wholly unfit races ; it has 
served as a means of discipline ; it has had a 
marked effect upon the development of the arts ; 
it has led to the formation of large societies which 
are able occasionally to be at peace and in which 
the division of labour can be effectually carried 
out. War, indeed, “ brings about a social aggre- 
gation which furthers that industrial state at 
variance with war, and yet nothing but war could 
bring about this social aggregation.” Are we 
warranted in adding to all these advantages the 
opinion that peace means the decay of men ? 

Some instances of this opinion may be quoted. 
In a sonnet of Wordsworth’s we find these lines: 

“ When I have borne in memory what has tamed 

Great Nations, how ennobling thoughts depart 

When men change swords for ledgers . . .’’ 
The same idea is expressed by Gibbon in lan- 
guage which shows that the possibility of 
doubting it never occurred to him : 

“ It was scarcely possible that the eyes of 
contemporaries should discover in the public 
felicity the causes of decay and corruption. The 
long peace, and the uniform government of the 
Romans, had introduced a slow and secret 
poison into the vitals of the empire.” 

This evidently is a vital question to us as 
sociologists, liecause it appt'als to what we 
have declared to be our only valid criterion. 
We have insisted at length upon the proposition 
that only by reference to its effects upon liuman 
nature can we pronounce judgment upon any 
social custom or practice. 



!• Peace a Wbited Septslchre ? If it 

be true that individual eharaeter ia raised by 
war and degraded by peace, as is the belief of 
poets and most pre*Boimtifio historians, then we 
must dismiss as mythical our picture, or any 
picture, of an elevated society existing without 
war. We must regard anti-militarism as a 
principle making for national degradation, and 
'peace aa a whUea aepulchre. Unquestionably our 
criterion is valid, and must be applied here. 
However reluctantly, we have no choice but to 
accept the fact, if indeed it be a fact, that this 
horrible thing is a necessary condition of the 
virtue of mankind. It is certainly one of the 
most horrible doctrines ever conceived or taught. 
Is it true ? Is virtue really nothing more than 
virlua ? Is the history of the word a history of 
degradation, like the history of most words, or 
is it for once a history of elevation ? Is all virtue 
founded in manliness, all goodness in strength ? 
Is forgiveness weakness, and is it a debasement 
of language to speak of the virtue of mercy ? 
Or, on the other hand, have the ages gradually 
learnt that virtue is not necessarily manliness — 
by which is often meant beastliness ? Is peace 
necessarily enervating, as the historians say, 
and would our own nation have sunk into moral 
atrophy and degradation if it hod not been for 
the Boer War, as Mr. Balfour has hinted ? 

The Absurdity of Half a Truth. The 
present writer believes that the conventional 
opinion of peace is based upon a half perception 
of the truth that man must strive — must strive 
and try to conquer. What is not true, but 
abominably false, is that there ia no salutary 
striving except on the battlefield. “ Peace hath 
her victories ‘no less than war.” The soldierly 
virtues are of value in every sphere. There is 
moral as well as physical courage. It is true 
that the nation or individual which ceases to 
struggle, ceases to progress ; in fJiat sense peace 
is enervating. We may quote a biological illus- 
tration of the intestinal parasites. The tape 
worm has practically ceased to struggle ; it needs 
nothing more than arrangements for ‘Mianging 
on ” ; it need fear no enemies ; its surroundings 
arc warm and cosy ; its food is even digested 
for it by its host, but the measure of its success 
is the measure of its failure. There is no more 
despicable creature. 

It is not ledgers that have destroyed great 
nations. Industrial warfare is very real war- 
fare, and we may admit that for a very large 
number of men it serves the same disciplinary 
purpose as military warfare served for their 
remote ancestors. For such men and such 
societies, the danger arises when neither military 
nor industrial warfare is any longer necessary. 
Just as the individual who loafs, does not need 
to work, and has no higher interests, becomes a 
“ waster,” so does the society which, like the 
Roman populace, shouts for “ panem et cir 
(jenses ” — bread and games. Roman society 
became a “ waster.” Average human nature 
will always find some mischief still for idle hands 
to do, and this mischief — it is common experience 
—is very commoi^ concerned with ihe lower 
instincts of man. Thus, marriage and the family 


go by the board, and thus Rome fell. Wa 
woula very earnestly direct the reader’s attentiem 
to the foregoing paramphs, for it is our opinion 
— a biassed one, peimaps — that they represent 
a really serious contribution to the subject. 

The Greatest Evil In the World. But, 
as the reader knows, we have entered the era of 
scientific history, and it is not fair to it to quote 
Gibbon as if nothing had been done since his 
time. Against his opinion, which we may call 
the common literary opinion — only too often 
expressed by the author of “Sartor Resartus” 
— let us place the opinion of that great writer, 
historian, sociologist, and pioneer, Henry Thomas 
Buckle. We quote from the fourth chapter of 
his masterpiece, already referred to, and the 
reader will see where he places war amongst 
human ills. After speaking of the Spanish 
Inquisition, and defendmg the moral character 
of the inquisitors, whom he regards not as knaves, 
but fools— not hypocrites, but enthusiasts, he 
says : 

“ It is to the diffusion of knowledge, and to 
that alone that we owe the comparative cessa- 
tion of what is unquestionably the greatest evil 
men have ever inflicted on their own species. 
For that religious persecution is a greater evil 
than any other is apparent, not so much from 
the enormous and almost incredible number of 
its known victims, as from the fact that the 
unknown must be far more numerous, and that 
history gives no account of those who have been 
spared in the body in order that they might 
suffer in the mind. . . . who, thus forced 

into an apostacy the heart abhors, have passed 
the remainder of their life in the practice of a 
constant and humiliating hypocrisy. It is this 
which is the real curse of religious persecution. 
For in this way, men bemg constrained to mask 
their thoughts, there arises a habit of securing 
safety by falsehood, and of purchasmg impunity 
with deceit. In this way, fraud b^omes 
a necessary of life ; insincerity is made a dailj^ 
custom ; the whole tone of public feeling is 
vitiated, and the gross amount of vice and of 
error fearfully increased. Surely, then, we have 
reason to say that, compared to this, all other 
crimes are of small account, and we may well be 
grateful for that increase of intellectual pursuits 
which has destoyed an evil that some among us 
would even now willingly restore.” 

The Second Greatest Evil. '' The 
second greatest evil knovm to mankind — the 
one by which, with the exception of religious 
persecution, most suffering has been caused — is 
unquestionably the practice of war. That this 
barbarous pursuit is, in the progress of society, 
steadily declining must be evident, even to the 
most hasty reader of European history. If we 
compare one century with another, we shall find 
that for a very long period wars have been 
becoming less frequent. ... It will surely 
not be pretended that the moderns have made 
any discoveries respecting the moral evils of 
war. . . . That defensive wars are just, and 

that offensive wars are unjust, are the only two 
principles which, on this subject, moralists are 
able to teach.” 
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The Destruction of the Military Spirit. 

Buckle goes on to argue with tremendous force 
that, as in the case of religious persecution, so 
in the case of war it is the human intellect 
that has determined progress, “ that every 
great increase in its activity has been a heavy 
blow to the warlike spirit.” “ As civilisation 
advances . . . military ardour is balanced 

by motives which none but a cultivated people 
can feel.” “ By an increasing love of intellactual 
pursuits the military service necessarily declines 
not only in reputation, but likewise in ability.” 
He goes on to show how, in consequence of these 
superior attractions of other professions “ as 
society advances, the ecclesiastical spirit and the 
military spirit never fail to decline. . . . The 

military class, taken as a whole, has a tendency 
to degenerate,” a proposition he brilliantly 
proves. 

The magnificent chapter from which we have 
chosen a few passages was published in 1857, 
the year of Comte’s death, the year of Spencer’s 
inti'oduction of the terra “ evolution,” and two 
years before Darwin’s masterpiece gave history 
and the past a new meaning. We earnestly 
commend this chapter to the reader. But at 
the least let him remember the opinion of 
this great thinker — that religious perseciybion is 
the greatest of all the evils of mankind and that 
war is the second. Then let him reflect, as Buckle 
might have reflected, on the combination of these 
two evils which transcends them both — the tvai.s 
of religion. These have bathed Europe in blood 
for nearly two thousand years ; they hav(* 
“ made a goblin of the sun,” have immeasurably 
delayed progress, have again and again sub- 
merged the good and the true, and they have been 
w aged in the name of Him who “ went about doing 
good,” and said “They that take the sword 
shall perish by the sword,” and “ Blessed are 
the jieacemakers, for they shall be called the 
chil(fren of God.” 

The Falsest Idea in Politics. Looking 
noA\ upon war as merely the oldest, commonest 
and most brutal form of the selfish struggle 
betA\een Hocieti(»s, let us endeavour to grasp a 
supreme truth which is emerging slowly into 
recognition, and which will guide us to the direc- 
tion in which we may expect to find the ultimate 
disappearance of war, and of all such struggles. 

A true sociology, like a true morality, utterly 
denies the truth of the all but universal assump- 
tion that what injures one nation benefits an- 
other. In a recent economic controversy we 
have seen thin taken for granted — with the 
single exception of a noble quotation from a 
far-seeing and noble woman, Mrs. Browning. 
The sentiment which she expressed was that the 
truly just statesman would hesitate before 
adopting a policy which benefited, say, ten 
at home and ruined a thousand across the 
fronticT. But here sociology comes in and shows 
that there is no antagonism between patriotism 
and morality, even in such a case. It seems 
to be thought that there is only a certain finite 
amount of success and happiness for the nations 
of the carUi, and that if one, having so much 


happiness or success, obtains more, some one 
else must necessarily suffer ; and, furthermore, 
that if any member suffers some of the others 
must necessarily gain. Of all false and vicious 
political ideas this is perhaps the falsest, the 
most vicious, and the most utterly disastrous. 

Man's Brotherhood to Man. The truth 
of that great organism called human society is the 
same truth as St. Paul expressed of the Early 
Christian Church of Cbrinth by analogy from the 
human body. “ Whether one member suffer, all 
the members suffer wuth it ; or one member be 
honoured, all the members rejoice with it.” It is 
hinted at again, though far more might have been 
made of it, in the locus cktssicus which we have 
quoted from Carlyle. Speaking of the French 
and English artisans w'ho blew the souls out of 
one another, he says, “ there was even uncon- 
.sciously, by commerce, some mutual helpfulness 
between them.” We admit, of course, that 
temporary benefit will ensue to the manu-, 
faeturer of a particular kind ot cloth, even though 
a foreign industry is thereby ruined ; but in the 
long run the prosperity of one nation makes for 
that of another, even if only because it makes 
it a better customer. PoUtics and governments 
lag behind, but as in the case of science and 
music, so certainly in the case of commence, 
the whole of civilised society is now one huge 
organism, and an earthquake in San Francisco 
will affect the jirice ot steel in London, a flood 
in India may throw thousands of Lancashire 
operatives out of work, whilst prosperity and 
industry and success in Lancashire will lower 
the price ot cotton goods in far countries, and so 
lienefit their inhabitants. The other — the fact 
that one nation’s failure may bo another’s 
success— is the temporary and the accidental ; 
this is the eternal and essential truth. 

The Human Commonwealth. This 
leads us on to the culminating stages of a great 
conception, the earlier stages of which we must 
soon briefly consider. Herbert Spencer’s argu- 
ment surely might have been carried a little 
further. • Military warfare, we have seen, leads 
now to industrial w^arfare, and what is that effect- 
ing but the welding of the nations by common 
interests into a still larger society, which will at 
the last embrace the whole of mankind ? This, 
of course, is a “ poet’s dream.” But if we look 
Ixmeath the superficial and the blatant we may 
suspect that there is more in it. We must not 
judge the separateness of nations by the separate- 
ness of their governments. The Governmental 
forms of a nation are conservative. In the case 
of nearly all the European nations, they are 
merely survivals. Even in the case of separate 
republics, their separateness misrepresents the 
facts. Political frontiers are artificial, but the 
dependence of man upon man is natural, and is 
a fact which they cannot destroy, though in all 
ages they have injured him by interfering with it. 
Thus we begin to see the great world-meaning 
of the famous line of the Roman poet, Terence: 
“Homo sum ; humani nihil a me alienum puto,” 
“I am a man, and everything human is ray 
concern.” 


Continued 
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By H. G. ARCHER 

TJNTIL the year 1842 the working of throi^h in Seymoar Street, N.W. England and Scotland 

^ traffic — that is, traffic originating on one line are represented in the institution in Seymour 

and passing over one or more continuous but sepa- Street, while Irish business is transacted in the 

I’ate line or lines — was cumbrous and vexatious, same form at the Irish Railway Clearing House 

each company collecting its own tolls, and keeping in Kildare Street, Dublin, which was established 

its own accounts. In that year Mr. Kenneth in 1848. The work of the Railway (^learing 

Morison propounded and successfully inaugurated House is divided into departments, of which the 

his clearing system, by which the foreign or three largest and most important are as follows : 

dirough traffic of the companies is account^ for the Merchandise, the Coaching, and the Mileage 

by the terminal companies interested to the Departments. 

Clearing House, the companies receiving their The Work of the Merchandise De« 
relative proportions through that channel. partment. The Merchandise Department is 

The Railway Clearing House. The chargedwith the apportionment month by month 

Clearing House performs a kind of work which of the receipts derived from the carriage of all 

could not have been performed by the com- “through” goods, cattle, coal, and mineral 

panies, no matter how' amicably disposed they traffic. The department is supplied every month 

might have been. It maintains perfect accord with returns from all stations, giving full par- 

among all manner of conflicting interests. Once ticulars of all such traffic. Every station sends 

a party to the Clearing House system, a in two distinct forms, one concerning the ” out- 

company knows it must abide by its decisions. wards,” or forwarded traffic, which is printed in 

However, any company may withdraw at will black, and the other relating to the “ inwards,” 

by giving one month’s notice under seal, or a or received traffic, printed in red. These abstracts 

company may be expelled by the votes of tw^o- state the character of the goods, their weight, 

thirds of the delegates present at a meeting the rate per ton, the charge, and whether it is 

specially convened for the purpose. “ paid,” or “ to pay,” the number of the waggon 

The travelling puolic seldom realise how much in which the consignment travels, and the name 

they owe to the clearing system, for by means of the o^vner of the waggon. The two abstracts 

of this institution they, both as freighters and are carefully compared, and steps taken to 

passengers, are saved much trouble and annoy- rectify errors or discrepancies between them, 

ance. For example, a passenger can book for a The monthly settlement is arrived at as 
journey, say, from Penzance to Wick, and one follows : first, all total receipts between a pair 

little piece of pasteboard franks him over several of stations which amount to less tlian £1 are 

separate and absolutely distinct railway proper- thrown out and credited to the “ light traffic 

ties. Without the system he would be bindened fund.” Next, taking the remaining receipts 

with a book of coupons, to vouch him over each from the traffic Avhich has passed between each 

railway m turn, or might even be compelled to pair of stations, the terminal allowances, fixed 

take a fresh ticket at every junction of the tolls, and amounts “ paid on ” — that is, dis- 

different companies’ lines. bursed by the forwarding company for any 

“ Like most great institutions,” writes Sir special service lendered, are deducted. Thirdly, 

George Finlay, “ the Railway Clearing House had the residue is divided by mileage between the 

a very humble commencement, for it began its different companies concerned, so that each 

operation^ with a staff of only four clerks, and company gets a due proportion according to the 

dealt with the traffic of only four railways, distance it has carried the traffic. L^tly, to 

(‘ontrolling an aggregate mileage of 418 miles ; obviate a plethora of small accounts, the amounts 

but its growth has only been paralleled by the credited to the “ light traffic fund ” are divided 

growth of the railway system itself.” Every among the diffeitnt companies in the ratio of 

railway of importance is now a party to the their gross receipts from the heavier traffic. 

Clearing House, the olerioal staff of which ** Clearing** the Coaching Traffic, 
numbers upwards of 2,500, while there are, in The Coaching Department is charged with the 

addition, some 500 “ number takers ” em- division of receipts on all “ through ” traffic 

ployed up and down the country, whose business by passenger train — namely, passengers and 

it is to examine and report upon the vehicles their luggage, horses, carriages, dogs, parcels, 

of trai^ passing through important junctions. fresh fish, perishables, etc. 

The originai home of the Clearing House was a The passenger traffic is dealt with monthly. 
smaU house in Drummond Street, near Euston The booking clerks render every month to the 

Station, but before many years had elapsed its Clearing House a return specifying the through 

operations attained such magnitude that a move tickets issued, and every stationmaster has to 

was made to its present home, the huge building forward to the Clearing Houst^ all tickets 
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collected at his station during the month and 
issued by any company other than his own, 
save that the tickets in which two companies 
alone are interested are not checked by the 
Clearing House unless they are issued and 
collect^ by the same company. 

The receipts derived from “ through tickets 
ai-e divided by mileage, but no company may 
receive out of a through rate more than its local 
fare, which means that some companies’ mileage 
proportions have to be reduced to their local 
fares, and the balance divided among other 
companies whose proportions do not come up to 
the amount of their local fares. The remaining 
items in the coaching traffic are settled half- 
yearly, and here, again, occurs a light traffic 
fund, this time limited to 58. On the parcels, 
tish, and perishable traffic, terminal charges have 
to be taken into consideration, w'hereas no terminal 
charge is levied on horses, dogs, and carriages. 
Here it may be noted that it was only by the 
adhesion of the Railway Clearing House that the 
Post Office was able to establish the Parcels Post 
under the Act of 1882. The groat difficulty that 
attends this phase of the Clearing House settle- 
ment lies in trac^ig the route by which parcels, 
etc., have travelled. Theoretically, the way- 
bills that ought to accompany all parcels, and 
which are supposed to be stamped at each junc- 
tion, should explain matters, but parcels and 
way-bills are apt to get separated, and the 
stamping of w'ay-bills is frequently omitted. 

The Mileage Department and its 
** Number Takers ” The Mileage Depart- 
ment keeps the mileage accounts of the various 
companies in the matter of rolling stock of 
one company passing on to the territory of 
another, and attends to the question of demur- 
rage for detention of carriages, waggons, and 
tarpaulin sheets. 

The staff of “ number- takers,’’ whose members 
are found at every junction of two railways, 
records the number and description of every 
vehicle and sheet that passes a junction going 
from one line to another. In addition, every 
station receiving foreign stock makes a similar 
return, which shows how the latter got there and 
what was done with it. Each company’s stock 
is shown separately under three headings — 
namely. Carnages, Waggons, and Sheets. Fines 
are levied if stock be not returned to the 
owning company within a legitimate time, as 
follows : first-class passenger carriage, 10s a 
day ; second or third class carriage, Os. a day ; 
and ordinary low-capacity waggon, Ss. a day; 
while sheets are charged 6d. for the first day, 
and Is. for every succeeding day up to 60, when 
the fine stops, as it is considered that the owner 
has then received the value of the sheet. The 
demurrage settlement takes place monthly. 

Organisation and Staff. The Clearing 
House business is regulated by a chairman, 
elected annually, and by committees of the 
traffic officers of the various companies — the 
general managers, goods managers, and super- 
intendents — who sit once a quarter in the 
Clearing House premises. The two last classes 
of officers sit in the same week on separate days, 
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and the former a few weeks later, to revise 
and approve the minutes of proceedings. 

The working expenses of this vast and admir- 
ably managed organisation, which makes no 
profit and incurs no had debts, are borne by the 
companies in the ratio of the amount of business 
done on their behalf. 

To obtain a junior or apprentice-clerkship in 
the Railway Clearing House application must be 
made to the secretary, and approved candidates 
have to pass an ordinary clerkship examination. 
The Clearing House “number-takers” join tho 
service as lads, after they have been medically 
examined as to sight and physical soundness. 
Lad “ number- takers ” are posted to one or 
other of the junctions where waggon numbers 
are recorded, and begin to learn their duties 
by making out returns. Subsequently they are 
put to work in the yards under older hands. 

The Chemist and the Railway. The 
chemist has always filled an important role 
in the locomotive department of a railw’ay, 
and when it is considered that this 
department — with w'hich, as a rule, is incor- 
porated the carriage and waggon department — 
forms the great spendmg arm of a railway 
company, it becomes easy to understand how 
he should be the man to whom the locomotive 
engineer looks to point the w ay towards effecting 
economies. Every day the scientific side of tho 
railway profession is coming more to the front, 
smee an increasing number of solutions to 
questions capable of definite scientific treatment 
IS constantly being discovered. Thus there aro 
more and better openings for railway chemists, 
while the field of employment is no longer con- 
fined to a locomotive department laborator}\ 
but also embraces that of a general engineering 
chemical laboratory. The tw^o laboratories 
are, however, kept distinct, for although man}^ 
of the chemical and physical investigations 
which are performed therein cover the same 
ground, the object in each case is different, 
necessitating a different kind of analysis 
For example, there is the scrutiny of water. 
In the locomotive laboratory the chemist is con- 
cerned only with the quality of the water foi 
feeding boilers. He has to examine it in ordoi 
to see that it does not contain an undue pro- 
portion of chalky matter, which would deposit 
scale upon the tubes and firebox plates, and so 
impair their efficiency as conductors of heat from 
the furnace to the water. Again, he analyses it 
to see that it does not contain any corrosive 
salts, such as magnesium chloride, which w^ould 
cause the structure of the boiler itself to corrode. 

Scope of the Engineering and Loco* 
motive Laboratories. In the engineers’ 
laboratory the chemist has to concentrate his 
attention upon the suitability of the water 
supply for domestic purposes. A railway com- 
pany owns hundreds of cottages and houses up 
and down the line for housing its employees, 
and all these dwellings must, of course, bo 
supplied with a pure water supply suitable 
for both human consumption and domestic 
purposes. And the same rule holds good in the 
case of stations. 



T ye exaxBinadoa of tlie kinds of oii 

lor lubrication of t^e looomotdTe is a most 
imf>ortaiit featura of tlie locomottve chemist's 
duty; and the other sorts of oil which are 
employed in the paint-shop for mixing the paints 
and vamiihes used to protect and (borate the 
outer surface of engines and rolling stock like- 
wise demand his attention. The engineers* 
chemist also deals with oils — those for the paints 
used to cover all woodwork. Then photometric 
work is common to both establishments. The 
locomotive chemist tests the oii for the signal 
lamps, together with the gas-burners and incan- 
descent mantles for the lighting of the carriages, 
while the engineers* chemist investigates the 
quaUties of every means of illuminating stations 
and offices. The efficient lifting of station 
premises is a subject on which advertisers have 
a say. 

Things which concern the locomotive chemist 
alone are the steel analysis and metallurgical 
work generally, in the case of those railway 
companies which have their own steel works ; 
the analysis of pig iron, coke, and various 
other materials for the ironfoundry ; the analysis 
of copper-plate for fireboxes, copper tubes for the 
locomotive boiler, and bronze bars for firebox 
stays ; the analysis of the materials for bearing 
brasses and bronzes, and the examination by 
combustion in a calorimeter of the coal by means 
of which water is to be converted into steam 
to propel the trains. The coal for the loco- 
motives must not contain much fusible ash, 
otlierwise it is liable to choke the tube ends in 
the firebox and prevent the boiler from steaming 
properly. The composition and v^uality of its 
ash, together with its heat-giving qualities, can 
be determined only by an exhaustive calori- 
metric test. 

The engineers’ chemist has his own peculiar 
field in anal 3 r 8 ing the creosote for sleepers and 
the cement for buildings, while some com- 
panies ask him to conduct the most searching 
investigation in regard to broken rails. 

The Inquest on Fractured Rails. The 
London and North-Western is the only railway 
that rolls its own rails. The plant at Crewe 
lias a capacity for turning out 45,000 tons of 
rails annually, the mill being driven by a 700- 
horse power engine. In the purchase of rails 
from private manufacturers, a company’s 
inspector has the lot laid out on a bank, in order 
to sci^utiinse each rail. Quite 30 per cent, 
are rejected or sent back to be straightened ; 
but of course the inspector cannot detect inherent 
Haws. To get at the truth of the latter, the 
following procedure has been adopted. The 
fractured rail is sent to the engineers’ laboratory 
accompanied by a report from the district 
engineer, statii^ the date when discovered 
(a ganger findi^ a broken rail is suitably 
1 ewarded), and the locality ; whether the rail 
Wongs to an “ up,” down,” or a single 
line; particulars of the fracture, accom- 
panied by drawings ; the distance of the 
fracture from the nearest bearings on each 
side, and the distance from the nearest joint ; 
if in the double line : whether on the leading 


or trailmg side of the nearest side; if the rail 
yme on curve, the radius of the curve, and 
whether on the inside or outside of the curve ; 
the period the rail had been in use ; the average 
number of passing over it per day ; file 

section ; the weight per yard when new, the actual 
weight per yard at date of fracture ; the loss of 
weight per yard, and whether the rail had been 
turned or not. The chemist cuts two slices as near 
as possible to the fracture, and if it is a long split 
the slices come right across it. One slice he 
polishes, and then etches with 20 per cent, of 
sulphuric acid for two hours at OO"' C. The slice 
is next photographed, and from its appearance 
he selects portions of the other slice for micro- 
scopic examination, taking a piece from the centre 
of the head, a piece from the web, a piece from 
the side of the head, and a piece from near 
the running edge. These pieces are polished, 
etched with sulphuric acid, and photographed 
under the microscope. The rail is also analysed 
chemically, drillings for anal 3 rsis being taken 
oither from close to the fracture or from one or 
other of the slices. Fmally, a detailed report, 
illustrated with microscopic photographs, is 
forwarded to the chief engineer. 

The Evils of Hard Water. There is now 
no feature of locomotive operation and construc- 
tion which constitutes so great a problem as the 
mcuntenance of boilers, and this is intimately 
associated with and affected by the character of 
the feed water. When hard water is evaporated 
in a boiler, the incrusting impurities are deposited 
inside the boiler, or on the boiler tubes in 
the form of scale. The accumulation of this 
scale not only increases the cost of fuel, but, by 
placing insulation l>etween the boiler and the 
water, allows the sheets and flues to become 
overheated, subjecting them to extremes of 
expansion and contraction. Then, too, it is 
necessary to shut down the boiler once or twice 
a week to remove the scale by “ washing out,” 
which operation is referred to in the section deal 
ing -with the work of the enginemen. Again, 
corrosive salts, such as magnesium chloride, 
m hard water cause the structure of the boiler 
itself to corrode, thus shortening its life. 

Water Softening for Railway Pur» 
poaes. Of necessity, railways have located their 
watering stations where there is an abundance 
of water, without regard to its quality. More 
recently, however, the keen competition of 
new industrial conditions has led progressive 
managers to appreciate the immense saving that 
can be effected by having a soft water for use in 
boilers. To secure the best and most economical 
results from water to be transformed into steam, 
it must be softened — that is, freed from scale- 
forming impurities. Considerable attention has 
been lately devoted to the subject, and different 
systems of water softening are now being 
adopted. Many large plants have already been 
established at important locomotive centres in 
this country — notably, on the North London 
Railway, outside Broad Street Station, where it 
is stated that no less than 70 tons of deposit are 
collected annually ; on the Great Western 
Railway, at Goring, where the water for the track 
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troughs is pumped from the adjacent river, and 
at Aldermaston, near Reading ; and on theNortl^ 
Eastern Railway, at Hessel, near Hull In one 
quite common tjrpe of water-softening machine 
Ae water is mixed with the proper quantity 
of chemicals, common slaked lime and soda ash 
frequently being used, and the mixture is per- 
mitted to stand in large tanks by the side of 
the track until the solid hardening matter 
thrown out of the solution by the chemicals 
settles. The clear, softened water is then drawn 
off through a suction pipe attached to a float, 
and etored in a supply tank. After weeks of use 
it becomes necessary to remove the precipitate 
solid matter from the reservoirs, and this ie 
accomplished by diluting it with hard water, and 
permitting the mixture to run off through a 
wastepipe in the bottom. The cost of operating 
the plants depends largely upon the amount of 
chemicals necessary, which in turn depends upon 
the character of the impurities in the water. 
Even where the water does not contain scale- 
forming or corrosive impurities, it has been found 
conducive to longevity and good work in a loco- 
motive to subject the water to chemical treat- 
ment. 

The Kenni*:ott Water Softener.^ The 

accompanying photegraph [67] shows the Kenni- 
cott water-softening plant at Severn Tunnel 
Junction on the Great Western Railway, which 
treats 30,000 gallons per hour. One man in half a 
day can give all the attention that is needed for a 
perfect operation of a softener with a capacity 
of 10,000 gallons per hour. The chemical re- 
agents are hoisted automatically to the top of 
the machine, vhere are found the 
necessary receptacles for dissolv- 
ing them and the apparatus for 
automatically varjmg them in 
proportion to the quantity of 
water entering the apparatus. 

Surmounting the cylmdrical 
steel tank is the water-wheel, 
over which the hard water is 
first pumped on its way into 
the softener. The possibilities 
for economies that exist in the use 
of the water-softening system for 
removing the scale - forming 
impurities from the boiler-feed 
water are almost beyond compre- 
hension. The time for imperfect 
and incomplete methods, such as 
by using “ boiler compounds ’’ 
in any form, or by employ- 
ing any treatment wherein 
the precipitation of the scale- 
forming solids is not accom- 
plished and the material re- 
moved from the water liefore 
the water is delivered to the locomotive 
tender, has passed. 

Dynamometer Car Testa. Li order to 
ascertain the tractive force exertc*d by a 
locomotive, several railway companies — 
namely, the London and North-Western, Great 
^cstem, and Lancashire and Yorkshire — employ 
Clcaring^R^^®^^ car [68j, which is a long saloon 
of officers sit . 
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coach replete with a number of complex and 
ingenious recording apparatus. 

The indicated horse-power of a steam loco- 
motive signifies the work done in the cylinders 
or the maximum effort in propelling the loco- 
motive itself and overcoming friction. But by 
means of a dynamometer car the engineer is 
informed what amoimt of power is available for 
hauling a given load, inasmuch as the actual 
work being accomplished by the locomotive is 
then indicated by the pull on the drawbar, 
coupled with the rate of speed. Thus valuable 
comparative data for testing the relative effici- 
ency of locomotives are arrived at. 

Dynamometer Apparatus. In the 
centre of the car is a specially constructed 
spring, free from friction. To this spring the 
drawbar of the car is attached, and in making 
a test the car is placed immediately behind 
the locomotive, where the stronger the force 
of the pull exerted by the locomotive the more 
the spring of the drawbar is deflected. The 
centre of the spring is coupled to a bracket, to 
which a sliding rod carrying a stylographic pen 
is attached. A similar pen is fastened to a small 
fixed bracket. When there is no pull on the 
drawbar, the two pens are in alignment, but when 
the locomotive is exerting a pull, the former 
pen is drawn away from the latter. The pens 
make contact with paper, after tlie manner of 
those fitted to self-recording barometers. The 
paper to fiumish the impression of a cliart rotates 
on drums, and so is wound across a table, accord- 
ing to one or other of two scales — namely, 1 ft. of 
paper to 1 mile on the line, or 2 ft. of paper to 
1 mile on the line. An addi- 
tional flangeless wheel, which can 
be raised or lowered at will so as 
to engage with the rail, drives 
the foregoing, together with all 
other rotating machinery in the 
car. Accordingly, vhilc a test 
is in progress, the paper is 
recording the impression of two 
inked linos. The lin^ drawn by 
the pen attached to the fixed 
bracket is perfectly straight, and 
is known as the datum line, while 
that draum b^ the pen in con- 
nection with the drawbar spring is 
wave-like. Tlie constantly vary- 
ing distance between these two 
parallel lines is measured with a 
special rule, which gives the force 
of the pull on the drawbar itself 
in tons and decimal parts of a 
ton. 

It is next necessary to ascertain 
the rate of speed at which the 
tractive effort is being accom- 
plished. This can be given approximately by 
a dial speed indicator, driven off one of the car 
axles ; but to obtain accurate data the apparatus 
employed is a clock which is in electrical com- 
munication with an electromagnet to which 
another pen is attached. This pen is deflected, 
and makes serrations in the line that it draws 
across the paper every two seconds. Every 
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tenth serration is shorter than the others, so are equipped with an apparatus whereby the 

that it can be easily identified. By measuring running stability of a coach is ascertained. In the 

with a suitable scale the distance travelled coach to be tested is plac*ed an instrument which 

by the paper between each tenth serration, may be described as a cast-iron spherical shell 

the exact speed in miles per hour can be read containing a cast-iron ball. Rubber tubes c6n- 

off at once ' nect the shell with an extremely sensitive 

The registration on the chart of the locality diaphragm in the dynamometer car, when eveiy 

of the test train is also very necessary. This is movement of the coach, as recorded by the oscil- 

effected by means of an electric push connected lation of the ball within the sphere, is reflected 
with another pen. An operator takes up a posi- by the impressions of a pen attached to the 
tion at a window, and manipulates the push diaphragm. 

according to a prearranged code. Thus, one push. Locomotive Stationary Testing Plant, 
which records one tick of the pen on the paper. However, even with the employment of a 
signifies a quarter-mile post ; two pushes, a mile dynamometer car, the practical carrying out 
post ; three, a station ; and four, a tunnel, of a locomotive test under actual working 
Again, the working of the locomotive itself is conditions is beset with difficulties of various 
recorded back to the d^amometer car by a kinds, especially the practical impossibility of 
similar push in electrical contact with another securing similar conditions on any tw’o occasions, 
pen, this push, of course, being operated by an In order to oWiate these disadvantages, a very 
official on the footplate. elaborate and costly plant has been devised for 

Another apparatus, known as, an integrator. testing locomotives in the shop. Very few 
registers the work done by the'" locomotive in specimens of this plant are in use, and the Great 
feet-pounds. By dividing the feet -pounds of Western is as yet the only British railway to 
work performed per minute by 33,000 (33,000 possess one. The latter is located at the Swindon 
feet-pounds per minute are equivalent to one- works, w^here the employees have nicknamed 
horse power), the horse-power given out by the it the “ Home Trainer,” m allusion to its func- 
locomotive is at once obtained. tions being cast in the same lines as those of 

Dynamometer cars are also used for testing the machine of the name on w^Wch professional 
the efficiency of brakes. An electrical apparatus cyclists practise. The locomotive is run upon 
is connected up wdth the last or any coach of the the machine, where its driving wheels rest 
train, and records the exact interval of time that upon rollers of about 4 ft. in diameter which the 
elapses between the applica/tion of the brake and rotation of the wheels causes to revolve, instead 
its taking effect on the wheels of the vehicle of propelling the engine. The axles upon which 
in question. Lastly, some dynamometer cars •vhese rollers are mounted run in bearings which 
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are capable of adjustment longitudinally, to suit 
the different wheel bases of the various classes 
of locomotives ; and the smoke cowl, into which 
the funnel is inserted, is likewise adjustable. At 
one end of the machine is a traction dynamo- 
meter for measuring the drawbar pull, to which 
the engine is connected, while the load is put 
upon the locomotives by means of brakes, which 
are applied to pulleys upon the axles of the 
rollers. A locomotive is tested mintis its tender, 
but the plant comprises a kind of dummy tender, 
over the traction dynamometer, from which the 
locomotive is fired, while the feed pipes are 
coupled up to a system of water supply, fitted 
with measuring apparatus. 

Placed on the machine, a locomotive may be 
run at a constant load and speed for as long or 
short a time as may be desired. By measuring 
the speed, which can be ascertained by counting 
the revolutions of the wheels, and the pull exerted 
at the drawbar, the power given out by the 
locomotive can be determined at once. The 
measurement of coal, water, oil, etc., is an easy 
matter, and as a completely equipped laboratory 
forms part of the outfit, all manner of practical 
and exhaustive 1 sts can be applied at &e same 
time to a locomotii^e submitted for trial On 


fired locomotives engaged in the suburban, main 
line, and goods traffic. The system [ 60 ] is the 
invention of Mr. James Holden, the 'locomotive 
superintendent of the company, and its novel 
advantages have secured for it preference even in 
those districts where oil burnmg has been the 
practice for years. It may be ^id that three 
elements constitute combustion in the furnace of 
this class of engine — ^namelv, oil, steam, and hot 
air. The firebox is provided with the usual brick 
arch, while almost level with the firebars are fixed 
two burners which inject the liquid fuel, through 
apertures, into the firebox. The injecting pro- 
cess is, however, accomplished by means of 
steam from the dome. The two burners receive 
their steam uniformly, and the liquid fuel fed 
through them is inject^ by the force of the steam 
jet into the firebox, and broken up into very fine 
spray, which ignites immediately. The use of 
hot air is to provide air for combustion, in addi- 
tion to what is admitted through the ordinary 
dampers. The supply of atmospheric air is 
drawn from the smoke-box, into which it is 
admitted through a series of small apertures or 
one large one, termed air-inducing rings. In the 
smoke-box the air is first heated to a temperature 
of 400° F. by the waste gases foimd therein, and 



the Swindon machine, engines have been run at a 
speed of 70 miles per hour. Nothing of the energy 
"i^ich a locomotive exerts in propelling the 
road backwards, so to speak, is wasted, as the 
rollers are connected by driving bands to the 
shafting of an air-compressing installation. 

Oil - ftred Engines on the Great 
Eastern Railway. Owing to the rapid 
development of newly-found petroleum fields, 
and to the increasing importation of the 
product, rendering possible a supply of oil 
fuel at a price which competes witn that of 
steam coal in London and district, the question 
of the employment of petroleum as locomotive 
fuel on a large scale in the South of England has 
of late come much to the fore. The Great 
Eastern Railway, the pioneer line in this country 
as regards oil fuel, has had for many years a 
numter of locomotives [70] burning a liquid fuel 
composed of the waste tar from the compressed oil 
gas utilised for lighting the passenger carriages. 
The first experiment with an, oil-fuel locomotive 
was made b^ the company in 1886, and, proving 
successful, improvements have continued to he 
effected in die special apparatus employed, so 
that at the present day there are about 100 oil- 
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then brought to the furnace through air passages 
provided down the centre of the steam jets. All 
the pipes conveying the oil, steam, and hot air 
converge beneath the footplate. The fuel 
tanks, of course, are in the tender, and for the 
better adjustment of the supply to the burners, 
an ingenious arrangement of cocks and valves has 
been introduced, m order to cut off the oil feed 
simultaneously with the closing of the regulator, 
otherwise too rapid generation of steam might 
ensue. A steam warming coil is placed in each 
oil tank, so that the liquid fuel may not become 
frozen in cold weather. Every oil-fired express 
and goods locomotive carries a few hundred- 
weights of coal, both in order to start a fire on a 
bed of incandescent fuel and chalk, or broken 
bricks in the first instance, and to augment the 
strength of the fire when the train comes to a steep 
incline or when the engine is called on to make 
a special effort. The suburban oil-fired engines, on 
account of the constant stopping and starting, 
are worked on a system of combined fuels — that 
is, with a coal fire on the grate and- an oil fire 
burning on a bed of Wan£^ent fuel above it. 
The r^tive consumption of the fuels per train 
mile is in the proportion, approximately, of 1 oil 
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to 2 coal. With an oil*burning locomotive, not 
a pound of fuel need ever be burned to waste, 
the firing appliances being exactly adjustable to 
requirements, whereas with ordinary en^nes many 
tons of fuel are consumed in heating air uselessly 
drawn in while firing is being performed, raising 
the newly fed fuel to ignition temperature, and 
generating steam to be blown from the safety 
valves. An oil-fired locomotive need never make 
a black smoke ; it is, in fact, almost as free from 
dirt, sparks, and smoke as an electric locomotive. 
Another important advantage is the increased 
life assured to the firebox and tubes, owing to 
their not being exposed to the wearing influence of 
small cinders and ash, and the destructive effects 
of sulphurous fumes. Lastly, there is saving of 
labour to the men in charge. The fireman has no 
shovelling, no raking the fire ; both driver and 
fireman can remain seated while they manipulate 
the controlling gear. of the engine, together with 
its fire and 
boiler feed. 

For the 
storage of 
1 h e liquid 
fuel a large 
depot has 
been estab- 
lished at 
S t_r a f - 
ford, to- 
gether with 
auxi liary 
ones at 
Ipswich and 
Norwich. 

It should be 

added that all the Great Eastern liquid-fuel 
engines can be immediately converted into 
ordinary coal-buming ones. 

Necessity for a Legal Establishment. 
As railway companies owe their existence to, 
and conduct the whole of their business under, 
the provisions of facial Acts of Parliament, it 
stands to reason that they are bound dowm at 
every turn by legal restrictions and obliga- 
tions, any transgression of which renders 
them liable to suffer pains and penalties. 
Accordingly, they have constantly to invoke 
legal assistance to define their rights and 
protect their interests. Most raiWay companies 
have special legal departments of their own, 
which conduct operations from headquarters. 
The directors appoint a duly qualified legal 
practitioner of high standing in the profession 
to take charge of the department, and provide 
him wdth a staff of duly qualified assistants, a 
managing clerk, and as many ordinary clerks 
and messengers as may be required. The 
salaried legal staff, of course, resign their 
general practices, and devote themselves entirely 
to the company's interests. 

The smaller railway companies employ out- 
side firms of solicitors, and at least one great 
Eng]^ company does likewise. 

Ime legal department of a railway company 
is divide into departments. First, there is 
the department for Parliamentary work, which 


carries the Bills promoted by the company for 
new' lines and other works through Parliament. 
[See page 1237.J 

Conveyancing and Common Law. 

Secondly, there is the conveyancing department. 
An enormous number of de^ pass through the 
hands of this office, which examines all titles 
w*ith the greatest care. The number of title deeds, 
etc., possessed by any railway company is so 
great that the general offices are equipped with a 
fireproof muniment roont. for their safe custody. 

Thirdly, there is the common law or “writ 
and process ” department, which covers wide 
ground. It deals with innumerable trifling 
matters in connection with claims, outstanding 
accounts, demurrage, rates and: taxes, damage 
to luggage, animals, and crops ; prosecutes 
fraudulent travellers, luggage thieves, and tres- 
passers ; defends actions brought against the 
company in connection with personal injuries 

to passen- 
gers ; deals 
with cases 
of injuries 
to servants 
under the 
“ Wo r k - 
men's Com- 
pensation 
Act*’ of 
1897 ; and 
is repre- 
sented in 
the highest 
courts, con- 
testing some 
such c e 1 e - 

brated suit as that of the Taff Vale Railway 
Company versus the Amalgamated Society of 
Railway Servants. 

Liability of Railway Companies. 

Under Lord C^ampbell’s Act of 1846, railway 
companies are liable for the negligence of their 
servants resulting in death or personal injury to- 
any i)er8on. An action can be brought for the 
benefit of the husband or wife, parents, grand- 
parents, children, grandchildren, or stepchildren 
of the deceased person (but not on behalf of any 
other relative or person), provided the action be 
brought within twTlve months of the death of 
the deceased. In any such action, however, 
actual pecuniary loss must be showm to have 
been sustained by the persons for whose 
benefit the action is brought. In an action 
for personal injury the plaintiff is entitled to 
recover, not only the pecuniary loss sustained 
by him by reason of the accident, such as loss 
of salary or business profits, and any expenses 
incurred for medical attendance, nursing, 
etc., but also compensation for losses to be in- 
curred before tlie plaintiff may have completely 
recovered, or for any permanent injury he may 
have sustained. A rjulway company is respon 
siblc, how’ever, only for the negligence or 
default of its servants within the scope of their 
legitimate employment. Thus, if a signalman 
causes an accident by giving a wTong signal 
the company is liable • but if a porter or 
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telegraph boy were to miaohievously or with- 
out authority mterfere with the signals and 
cause an accident, the company would not be 
liable. Ltotiy, some accidents are judged to 
have been “ acts of God,” and the sufferers have 
no legal redress. 

Qualifications of a Railway Solicitor. 

The ideal railway solicitor is essentially a rail- 
way officer posscasing an, intimate knowledge 
of the policy and aims of his company. He must 
be an experienced conveyancer, for enormous 
landed interests are entrusted to his keeping, 
and he must be thoroughly acquainted wim 
pau'liamentary procedure, together with procedure 
m the various courts of law and in arbitration 
cases. 

The chief solicitor or his qualified assistants are 
at all times accessible to officers of every depart- 
ment who may wish advice in relation to 
their duties, while in all legal questions that 
crop up in the department, the solicitor has to 
acknowledge the zealous assistance of officers of 
other departments. 

Every railway company has its own detec- 
tive and police staff, the uniformed members 
of which, as a rule, are far from being merety 
ornamental accessories of the company’s service 
for the purpose of frightening evil-doers and 
possessing no pow’er to act summarily in the 
event of detecting an offender. I'^nder tneir Acts 
of Incorporation the railw^ay companies were 
empowered to swear in so many policemen for 
each station, and some companies — the Great 
Northern, for example — have obtained later 
powers which sanction them to swear in as many 
of their staff as they think fit. The “ sworn ” 
men can arrest any person not only on the 
company’s premises, but within a distance of 
300 yar^ of the bame. 

The Railway “ Scotland Yard.” The 

officers of a railway company’s detective 
and police department include a chief super- 
intendent, a chief clerk, and a chief detective 
inspector, while the staff is composed of 
detective inspectors, detective sergeants, and 
uniformed constables. The companies favour 
recruiting for the department from inside the 
service. It is essential that even the con- 
stables should have some experience of the 
internal workmg of a railway, inasmuch as the 
general work of a railway constable differs con- 
siderably from that of his civil contemporary, 
for the former must always be a bit of a detective 
as well. As to railway detectives, an authority 
on railway management has laid it down that 
“ a civil detective is of little use in a similar 
position on the line until he has acquired con- 
siderable experience of railway working.” The 
majority of the men composing the “force,” 
therefore, have been originally in the company’s 
service in some other capacity, while tne re- 
mainder may have been either selected candi- 
dates from the Metropolitan, City, or local 
police, or ordinary private individuals who 
applied for this kind of employment and were 
accepted as suitable. 

The duties of railway detectives embrace a 
wide scop^,. Hiere is the “ shadowing ” of persons 
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suspected ' of making bogus claims on the com- 
pany for personal injuries and loss of luggage, 
etc., and a most interesting volume could oe 
compiled setting forth the cunning frauds which 
have been perpetrated, axui attempted to be 
perpetrated, on railway companies on these 
grounds. Then, the most barefaced spuri- 
ous claims for loss of luggage are fXJnstantly 
being detected, as, for example, the case 
of a woman whose alleged lost boxes were 
discovered to be held by her landlady for unpaid 
rent. The breaking up of thieving conspiracies 
hatched by the companies’ servants themselves, 
and the tracking down of well-dressed rascals who 
frequent the terminal stations for the purpose of 
snatching jewel -eases, dressing-bags, and other 
small articles which passengers have left un- 
guarded in the carriages, keep the detective 
staff busily employed ; but, when all is said 
and done, the detection of ticket frauds forms 
by far the larger proportion of their duties. 
Minor offences perpetrated against railway com- 
])anies are stone-throwing at trains, trespass, 
and the malicious mutilation of carriage cushions, 
window straps, blinds, etc. 

In all cases of loss or pilferage of luggage, 
parcels, or goods, the matter is at once referred 
to the railway police department, which is 
always in close touch with the civil police. 
Railway detectives are not, however, privileged 
to inspect prisoners awaiting trial. Therefore, 
the chiefs of the departments have a system of 
exchanging information in regard to the histoi’y 
of suspected persons in custody and of sending 
their own men to attend trials. 

Free Luggage Allowance and some 
Anomalies. A railway company is bound to 
carry free with each passenger his personal 
luggage to an amount fixed by the Acts of 
Incorporation of the several railway companies, 
according to the class of carriage in which the 
passenger travels. This amount varies in different 
Acts, but, in practice, the railway companies 
carry free 150 lb., 120 lb., and 100 lb. for first, 
second, and third class passengers respectively, 
and the company’s liability with respect to 
passengers’ luggage is the same as that with 
respect to goods entrusted to it for conveyance, 
so Jong as the passengers’ luggage is under the 
charge of the company. If, however, the 
passenger takes the luggage under his own 
control, the company’s liability is diminished, 
and arises only where negligence is shown on 
the part of its servants. The question of what 
constitutes personal luggage has been the subject 
of many judicial decisions ; but, broadly speak- 
ing, personal luggage may be defined as consist- 
ing of such articles as the passenger requires for 
his own or personal convenience upon or in con- 
nection with his journey. Personal luggage does 
not include merchandise and materiaET such as 
travellers’ samples intended for trade purposes ; 
neither are perambulators, sewing machines, 
bicycles, bathchairs, cUldren’s mailcorts, 
hawkers’ handcarts, harps, and street pianos 
admitted to be personal luggc^e. All this, of 
course, is fair enough, but it is not easy to see 
why certain small articles in every day use, such 
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a» typewriting machines and phonographs should parcels or goods offices. The system observed 

be compelled to pay parcels rates. m a cloak-room is to stack the articles in lots 

The charges for excess luggage are not by of “singles” (which are generally placed in 

any means strictly enforced by British railway racks), twos, threes, fours, etc. . T^is renders 

companies taken as a whole ; and at com- the work of identification easier when a 

paratively few stations is it a rule to weigh traveller claims his property, 
fuggy’s® l^^ore it is labelled. All unclaimed or lost luggage and other pro- 

The 'Baggage « checking Problem, perty found in the carriages at or on the plat- 
Strictures are often passed upon British railway forms of the stations, or upon the line, must 
companies for their failure to adopt the be immediately delivered to the person in charge 
American and Continental system of the regis- of the station at or nearest to the place where 
tration of passengers’ luggage, meaning that a the article has been found. At the expiration 
passenger receives a voucher for his luggage at of three days all unclaimed or lost property is 
the departure stations and cannot claim any sent to the headquarters of the company, where 
luggage at his destination station unless he it is described and registered, and a copy of the 
produces that voucher. The registration system register is sent to the Railway Clearing House 
has much to recommend it on the score of being daily. The Clearing House, in turn, furnish 
a prevention against the loss of luggage by the information to the different stations, and 
theft or by passengers’ mistakenly claiming anything found on hand at a station which 
what is not theirs, but it is wrong to suppose answers to the description of an article lost is 
that its non-existence in this country is due to sent up to the Clearing House for identifica- 
any lack of enterprise on the part of the railway tion. 

companies. The truth is that the British General Triviality of Unclaimed 
railway traveller will have none of it, for he Articles. The extraordinary conglomeration 

prefers running the risk of losing his luggage to of articles that find their way into the lost 

incurring the slight delay which the system profjerty office and are never claimed has 

imposes upon liim. In the past, the registra- inspired many writers with material for articles 

t'on system was given a fair trial by several com- on the freaks of human forgetfulness. The 

panics, who 'abandoned it only on the repre- machinery employed for tracing the rightful 

sentatidns of the passengers themselves. owners has now, however, attained such a pitch 

Luggage iii^ Advance. Again, American of perfection that the companies are burdened 
visitors regard it as a backward state of with a far less number of articles than formerly, 
affairs that the collection and delivery of while the articles themselves are mainly of a 
passengers’ luggage does not find widespread most humdrum and worthless description. No 
favour in this country. This, too, is due to the matter how small or worthless an article, it 
idiosyncrasies of British travellers, who prefer has a label attached, on which is inscribed the 
that their luggage should accompany them registered number that gives the clue to when, 
wherever they go, and have little faith in its where, and in what circumstances it was found, 
being deliver^ by the company in time for Nevertheless, there are generally to be seen 
their purposes. However, all companies now' one or two odd items of lost property. Few 
furnish facilities for the conveyance of passengers’ lost property offices cannot always boast 
personal luggage in advance — that is, collecting the possession of several pairs of crutches, 
at hotel or residence in the principal towns, and which one w ould think would be the last 
forwarding in advance of the owner’s journey. thing a lame person would be likely to 
and delivery at hotel or residence in the towm forget. 

of destination at a uniform charge of one Every year the imclaimed property of the pre- 
shilling per package prepaid. Further, the lug- ceding twelve months is sold by auction. A 
gage brought by passengers to any of the stations story that testifies to the rubbishy character of 
owned by some companies can be forwarded unclaimed property at the present day, is told 
and delivered within the free cartage boundary of an old lady who attended one of these annual 
at the owner’s residence or hotel in the principal sales, imagining that all manner of strange 
towns served by the despatching and also other and valuable articles were to be picked up. At 
railways, the charge being fid. per package. the end of the sale she inquired : 

Lo«t Property and Left Luggage. “ When arc they going to sell the things left 
The system of dealing with lost property and in the first-class compartments ? ” 

“ left luggage ” in a company’s cloak-room is. The staff of the cloak-rooms and lost property 
as a rule, the charge of one special department offices is recruited from the higher grade porters, 

as regards control of staff and general working, the men being specially selected for their in- 
although the two transactions are conducted m telligence and steadiness, while they must also 
distinct offices. The companies’ -servants are be good penmen, as there is much filling in 
not allowed to take charge of luggage or other forms. 

articles left at the station for the convenience of The chief of the left luggage and lost property 
passengers. All such luggage or articles must be department is subordinate to the stationmaster. 
deposited in the left-luggage office in the regular The line is divided into districts, each of which 
manner. Articles of merchandise will not, has a sub-department of the kind, but the sub- 
however, te received at the cloak-rooms, and chiefs are only responsible to their respective 
such packages can be deposited only at the stationmasters. 

Railway Management concluded ; followed by Shipbuilding 
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must now pause for a time to consider 
what has, in the meantime, been taking 
place in Europe. 

In France, Henry IV\ was succeeded by his son, 
Louis XIII., w'ho was bom on September 27th, 
1601, and being only a child, in 1610 his mother, 
Marie de Medici, was appointed Regent, Marie 
made an alliance with Spain, and also with the 
Pope, and betrothed the young King to Anne of 
Austria, daughter of Philip of Spain, an arrange- 
ment which led the Huguenots to rise up in 
arms against the new policy. A peace, however, 
was concluded in 1614. The King was subse- 
quently declared of age, and he confirmed the 
Edict of Nantes, and called together the States- 
(jicneral, which were not summoned again until 
the reign of Louis XVI. 

In 1624 the famous Cardinal Richelieu became 
Minister of State to King Louis. His first im- 
portant measure was an alliance with England 
against Spain, an alliance which was further 
strengthened by the marriage of the King’s 
sister Henrietta to Charles I. of England. Riche- 
lieu endeavoured to suppress the political power 
of the Huguenots, and his armies crushed many 
of their strongholds. He entered into many 
alliances with foreign Powers for the purpose of 
carrying on a war against Spain, and his religious 
principles did not always prevent him from 
making alliances with the Protestants at home 
and abroad for the purpose of carrying out his 
political enterprises. 

The Rule of Richelieu. The reign of 
Louis XIII. might well be called the reign of 
Richelieu. He unquestionably succeeded in 
weakening and disorganising the power of Spain, 
md in strengthening and consolidating the power 
of France, while at the same time he made her 
merely a powerful despotism, and deprived her 
of anything like a constitutional system at home. 
His ambition, however, seems to have been for 
his State rather than for himself-— an ambition 
to give his country a predominant place in 
Europe. 

There were several conspiracies against him 
by the great French nobles, the last being 
that of Cmq-Mars, who joined with the King’s 
brother, Duke Gaston of Orleans, for the murder 
of the Cardinal. The plot was discovered, and 
Cinq-Mars was execute. Richelieu died on 
Decemb^ 4th, 1642, and Louis survived his 
great minister only by a few months. He died 
on May 14th, 1643. His reign was oiarked 
by many great wars, principally of Richelieu’s 
making, and he took j^rt in the Thirty Years’ 
War, giving his support to Qnstavus Adolphus 
of B if &m and the Dutch against the Spaniards 
nifd JutokrUuM* 


Louia XIV. Louis XIV. was bom on 
September 16th, 1638, and succeeded his father 
in 1643, his mother, Anne of Austria, becoming 
Regent during his minority. Anne had for her 
Minister of State the celebrated Cardinal Mazarin, 
who was born in Italy, studied at Rome and in 
Spain, and became Papal Nuncio at the Court of 
France, having already l)ecn naturalised as a 
Frenchman. Mazarin had a powerful influence 
over the Queen Regen*, w’ho is said to have been 
privately married to him, and through her 
became a supreme power in the State. When 
Parliament resisted some of his edicts, he had the 
leaders of the Opposition arrested, a move which 
caused the celebrated disturbances of the Fronde, 
which began in 1648. The Fronde, which took 
its name from “ frondeur,” a slinger, caused a 
civil war, and for a time seemed likely to triumph ; 
but in the end it was suppressed, and Mazarin 
obtained all his former power over France. He 
died in 1661, and then the King became absolute 
ruler of the State. His theory of government 
he himself expressed in his famous saying, “ L’6tat 
e’est moi.” 

Louis was bom to be a despot ; he had brains, 
courage, and temper ; was dignified and graceful 
in manners, had unbounded faith in himself, 
and untiring perseverance. He had capable 
Ministers, among them Colbert, a great financier, 
who restored order to the whole financial 
system of France, which had been coming to 
ruin under the mismanagement of previous 
days; and in the many wars which his reign 
brought about he had some great comman- 
ders— Conde, Turenne, Vauban, Luxembourg, 
Vendome, and others. Louis, who had a passion 
for conquest and for extending his dominions, 
was victorious in several parts of the Nether- 
lands, and even Germany. He was becoming, in 
fact, a terror to Europe, and in his own country 
he effaced all remains of political independence. 

The Queen's Influence. In 1685 he 
married his mistress, Madame de Maintenon, a 
woman who with many defects combined many 
good qualities. Under her influence Louis began 
a ruthless persecution of the French Protestants, 
which compelled some of the most intelligent of 
the French people to seek refuge in foreign coun- 
tries. The pwition which he took in the Wai 
of the Spanish Succession brought France tr 
the verge of ruin. 

The reign of Louis XIV. was adorned by sue! 
men as Corneille, Racine, and Moli^re, and b^ 
F^elon, Bossuet, Boileau, and many others. 

Louis XIV. was succeeded on September 1st 
1715, by his gr^t-grandson, Louis XV. Th 
new Ki^ was bom at Versailles on Februar 
15th, 1710, and the kingdom fell, .during hi 
minority, under the government of the Duke c 
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Orleans, the first Prince of the blood, and his 
Prime Minister, the infamous Cardinal Dubois. 
The education of the young King was entrusted 
to Marshal Villeroi and Cardinal Fleury. The 
Duke of Orleans had many intellectual g^fts, 
which were marred in private life by his vices, 
and marred for the public service by his passion 
for speculation. He was greatly taken by the 
schemes of John Law, the Scotch financier, who 
succeeded in persuading the Duke to promote 
his financial projects. He brought out, in 1719, 
his famous Mississippi Scheme for reclaiming and 
settling lands in the Mississippi Valley by means 
of a joint stock company whose members were 
to make immense sums of money through the 
success of the enterprise. The project proved a 
mere bubble, causing widespread ruin in France. 

Cardinal Fleury. After the death of 
the Regent of Orleans and Cardinal Dubois 
Louis conducted the government for himself, 
and put at the head of affairs of State Cardinal 
Fleury, who did much to improve the condition 
of the country and to repair the disasters caused 
by the policy of his predecessors. He exerted 
his influence to promote peace, but France 
nevertheless became engaged in many wars. 
Louis had married, w^hen he was only fifteen. 
Maria Lesczynski. daughter of the dethroned 
King of Poland, and through this marriage 
•Louis became involved in the war of the Polish 
Succession. Many wars also were carried on 
against England, and also Prussia, although at 
an earlier date France had been in alliance 
with that country. During the alliance, while 
Frederick the Great w'as ruler of Prussia, France 
had won victories over the Austrians and the 
Dutch, and one victory over England at Fon- 
tenoy in 1745. England, however, declared 
war against Louis concerning the boundaries 
of Nova Scotia, the New World having then 
become a familiar battleground between rival 
European Powers anxious for conquest^ In this 
war the English were wholly successml, and 
became complete masters of Canada, with the 
result that the Peace of Paris was arranged in 
1763. In the next year the banishment of the 
Jesuits showed that the philosophical party w^as 
more powerful in France than the religious one. 

Louis XV. was one of the most profligate 
sovereigns in a profligate age. He was ever 
under the control of some ruling mistress — 
Madame de Pompadour at one time, and, later, 
Madame du Barry, both of whom amassed large 
fortunes through their Royal lover. Under such 
rule the Parliament was kept in absolute sub- 
jection. 

Louia XVI. Louis XV. had exhausted his 
physical strength by his reckless life, and he 
died of an attack of smallpox in 1774. He was 
succeeded by his grand^n, the unfortunate 
Louis XVI., bom August 23rd, 1754. He was 
known as Due du Berri until the death of his 
father and elder brothers, when he became the 
Dauphin. He was fond of hunting and of most 
exercises, and remained honest and moral in 
the most corrupt surroundings. He married, 
on May 10th, 1770, Marie Antoinette, daughter 
of the Empress Maria Theresa of Austria. 


France at this time was like a huge pyramid 
with the monarch for apex resting on successive 
layers of nobility and cler^, who alone had any 
voice in the direction of affairs, the vast bulk 
of the pyramid being represented by the people, 
amazingly poor, patient and pathetic, who had 
no act or part in the governing. All that was 
required of them was to work hard in order to 
pay intolerable taxes. Tlieir misery inspired 
painful reflections in the minds of thinking men 
in other countries. Lord Chesterfield predicted 
revolution long before Arthur Young, travelling in 
France, saw and described a condition of misery 
which justified revolution and made it inevitable. 

The Spirit of Unrest. Revolution was 
in the air ; ardent spirits had long been stirred 
by the injustice of the existing order of things, 
and the American Revolution of 1776 gave a 
purpose to vague impulses w ith startlingly rapid 
results. The real France that had lain through 
the ages in a feudal sleep began to stir un- 
easily and to stretch for waking. Even the 
governors saw that the condition of the governed 
was intolerable, and that they must listen to, if 
not redress, the grievances of the people. 
Pressure was brought to bear on the French 
Government, harassed by lack of funds, to 
summon a States General, and at length the 
Monarch and his supporters were compelled to 
yield. It was so long since it had b^n held 
that no one could say confidently w^hat would 
result from its meeting. Public opinion was 
divided into the knowm and the unknown 
quantity. The known quantity was itself 
divided into those who held by the old 
order of things — the Divine right of kings, and 
the scarcely less Divine right of nobles and 
prelates to govern France in their own way ; and 
the men and women who had sucked the milk 
of liberal ideas from the teachings of the Encyclo- 
paedists and believed the regeneration of the 
world w^as foreshadowed by the American 
Revolution, and was to be accomplished by 
an imitation of English parliamentary govern- 
ment. The unknowTi quantity consisted of 
the millions whose view’s on political and social 
questions it had seemed unnecessary to consider. 

The Voice of the People. For the first 
time the French people found they were allowed 
to voice their grievances and to choose delegates 
to represent them. When the imfamiliar elections 
ended a parliamentary body was in existence 
of three estates — the first two formed of the 
nobility and clergy, and the third representing 
the people in general. These members of the 
Third Estate came from all parts of France to 
Versailles, where the States General w’as held, 
themselves inexperienced, bearing writh them 
the instructions of their constituents new to any 
form of parliamentary government. Having a 
vague belief that the States General would 
redress all their wrongs, they formulated their 
griefs yery simply and pathetically in papers 
which still exist, and give the most tragic and 
truthful picture of France in that day. Their 
representatives were men of many kinds. 
Some belonged to the noble order and chose to 
represent the people's cause. Of these the 
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greatest was Mirabeau — a man of genius and a 
lover of liberty who had sinned and suffered 
much. A large proportion of the Third Estate 
were ambitious provincial lawyers, pushing their 
way to Paris and Versailles with great con- 
fidence in their eloquence and legislative gifts. 
Among these was a young lawyer, Maximilien 
Robespierre, of 'whom few outside his neigh- 
bourhood had heard, who moved inconspicuous 
among his fellows, a lean and livid nonentity, 
matching all things with short-sighted eyes. 

The National Assembly. The States 
General began its meetings, and from the first it 
u as obvious that they w’ere to prove momentous. 
The noble and clerical Estates had hoped to 
have everything their own way, to mould a 
submissive Third Estate to their purpose, and 
get the terms which would fill the empty ex- 
chequers of the State and bolster up the Mon- 
archy; then dissolve the States General, send 
the members of ihe^ Third Estates back to their 
obscurity, and resume the old order of things 
with money in their purse. This States General 
met on May 25th, 1789. They soon formed 
themselves into a National Assembly. Thus the 
Revolution began. The National As^mbly began 
to make a new constitution, and called themselves 
the Constituent Assembly. The nobility of 
the ancient regime were so many that they 
made a large amount of the whole population, 
and yet everyone belonging to any wade of 
nobility was exempt from payment of the Land 
Tax, or Taille ; from the Corve, or maintenance 
of the public roads, from military conscription 
and the billeting of soldiers, and from other 
taxes. They had to pay the Capitation Tax, 
but even in that they were unequally taxed in 
proportion to the lower classes. Neckar, the 
famous financier, estimated that the aggregate 
revenues of the clergy and nobles amounted 
to 130,000,000 livres. The most oppressive of 
all the taxes was the Oabelle, or tax on salt, 
while many others unjustly oppressed the Tiers ^ 
Etat and the people. Louis XVI. and his ad- 
visors resisted the reasonable demands of the 
deputies, and the result was their declaration of 
inviolability, to which the King retaliated by 
ordering a large body of troops under arms, 
dissolving his Ministry, and banishing Neckar, 
whom he had been compelled by public opinion 
to recall not long before. 

A Nation’s Frenzy. An insurrec- 
tion broke out in Paris on July 12th, accom- 
panied by bloodshed, and on the 1 3th the National 
Guard of Paris, a new civic militia under the 
command of the municipal authorities, was 
convoked. On the 14th occurred the first great 
event of the Revolution — the storming and 
ture, by the people, of the Bastille Prison. The 
Revolution rapidly spread to the provinces, where 
National Guards and municipal councils were 
promptly summoned. On August 4th, feudal 
and manorial rights were abrogated in a frenzy 
of rraunoiarion by the Assembly, which sq^mnly 
proclaimed the equality of human rights. M 
the Royal Princes, and as many of the nobility 
ttkfAM aKIa tn AACAue fled from France. The 


failed in all their efforts they professed sympathy 
with the Republican sentiments of the people in 
the hope of conciliating them. It was a vain hope ; 
the people were not to be thus placated, and on 
October 5th of the same year a mob, composed 
principally of women, marched from Paris to 
Versailles, and roused the forces of insurrection. 
The palace was attacked, and the King and the 
Royal Family, rescued with difficulty from the 
insurgents, had to move to Paris. The National 
Assembly also shifted its seat to Paris, and during 
the next two years it busied itself, somewhat 
pedantically, with many different constitutional 
schemes. The Royal Princes and the nobles 
tried to take arms against this sea of troubles, 
but the waves of Republican feeling were too 
strong to be arrested. The King reluctantly 
made concessions to the Republican party — so 
many sops to the monster from which he still 
hoped to escape, but his situation only grew worse. 

The Fate of the King. With the death 
of Mirabeau, who had been trying to advise 
the Court, all hope for the Monarchy died. The 
Legislative Assembly, which in 1791 succeeded 
the Constituent Assembly, suffered from an 
unwise self-denpng ordinance which forbade any 
member of the foimer to belong to the latter 
body. The King was held responsible for the 
early failures of the war uith Austria, which he 
had been compelled to declare by the Girondist 
party, and he and his family were in August 
confined in the Temple. The ineffective I^egisla- 
lative Assembly was dissolved in September, and 
was followed bv the Convention, which included 
the stronger spirits of the Constituent Assembly. 
The Convention proclaimed the Republic. 
In the December of the same year the King u as 
brought to trial for treason against the Republic ; 
he was found guilty, and sentenced to death on 
January 20th, 1792, and on the next day he was 
guillotined. 

The |leign of Terror. Revolts took 
place all over the country, and England, Holland, 
Spain, Naples, and the German States became 
aUed against the Republic. The reign of terror 
now began. Queen Marie Antoinette was 
guillotined not long after the King. The 
Dauphin is believed to have died in prison, 
though there is some historical doubt on the 
subject. Marat, one of the most prominent of 
the “ Montagnards,” was killed by Charlotte 
Corday in 1793. 

Now the Revolution, like Saturn, began to 
devour its own children. The Girondists 
fell before the Dantonists ; Danton, Camille 
Desmoulins, and Hubert were guillotined by 
Robespierre. Then Robespierre, St. Just, and 
the other Terrorists were themselves overthrown, 
and guillotined on July 2nd, 1794. After their 
deat^ came a reaction against bloodshed in 
favour of peace and order. The insurrections 
in La Vended on behalf of the White Flag 
occurred in 1793 and 1795, and later on were 
crushed with great bloodshed. In 1795 a 
general amnesty was proclaimed; peace was 
made with Austria-Spain, but the war with 
Austria was continued. A Directory was now 
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IN dealing with this important branch of 
^ civil engineering we shall first consider the 
application of hydraulics to rivers. As rivers 
convey the rainfall of districts to the sea some 
part of them necessarily come under the influence 
of tidal action. They may, therefore, be divided 
into tvV'o classes— namely, tidal rivers and non- 
tidal rivers. Stevenson (who devoted so much 
attention to the subject) has stated that all 
rivers affected by tidal influences may be 
regarded under three heads — namely : 

(1) The sea proper ; 

(2) The tidal compartment of the river ; 

(3) The river proper. 

These three divisions possess very different 
physical characteristics — the presence of im- 
impaired tidal phenomena in the lowest, the 
modified flow of the tide produced by the 
inclination of the river bed in the intermediate, 
and the absence of all tidal influence in the 


the flood discharge generally has a higher ratio 
to the ordinary dSscharge than in large rivers. 
This is due to the fact that rainfall is generally 
more or less local, and is therefore more likely 
to affect the feeders of a small river than thoK* 
of a large one, which receives the rainfall fiom 
a very wide area. 

Floods. In our consideration of Avater 
supply, the question of floods from gathering 
grounds was not touched on, as it was 
thought better to include it under the head 
of the treatment of rivers, etc., although it has 
an important bearing on the subject of the 
construction of works for water supply. Floods 
are capable of being mitigated by the various 
forms of river improvement. Data with refer- 
ence to flood discharge are important for the 
follo'wing among other purposes : 

(1) Calculating the lengths of reservoir w'aste 
weirs and the sizes of water channels. 


highest. In the lowest reaches of a tidal river 
the tides resemble those of the sea proper with 
icgard to range of tide and shortness of time 
])etween the ebb and the beginning of the 
flow, and 


(2) Calculating the areas of waterways that 
are necessary to convey rivers under bridges. 

(3) Calculating the areas of waterways, and 
the heights of floods when “ training walls ’* 

are to be con- 


various other 
factors. As 
we ascend into 
the middle 
tlivision, the 
range of the 
1 ide is less, 
and the time 




structed in 
rivers. 

(4) Calcu- 
lating the 
sizes of sluices 
and the lengths 
of weirs on 
canalised 


of ebb and 1. waste weir and flood- water channel nvere. 

the duration of Waste wcll^ 


low water is longer, unvil we get to the upper 
division, when the flow is always seawards, 
and the difference of water level is only that 
due to the rainfall. 

Rainfall. The discharge of rivers depends 
on the rainfaU, evaporation, and the nature of 
the gathering ground. The fluctuations in dis- 
charge depend chiefly on the geology and contour 
of the ground. The question of rainfall and 
evaporation have been discussed on page 4024. 
On impervious gathering groomds with steep 
gradients the fluctuations in disdharge are 
much greater than on pervious ground with 
moderate gradients ; floods are more violent 
and draughts are more severe in the former ca^ 
because, the strata being impermeable, the rain 
is rapidly carried to the river, causing floods. 
The rise of the river is more rapid than the fall, 
because some of the rain is absorbed by the 
strata, and is returned to the river later. When 
the strata is permeable the rise is not so rapid, 
but continues longer, and is therefore more 
iniurious to the adjacent land. In small rivers 


are of the first importance with regard to 
impounding reservoirs, as they serve the pur- 
pose of carrying the flood water away from 
the reservoir, and so prevent the water level 
being raised above the required height. 

It is advisable not to let the depth of tlu‘ 
water over these weirs exceed 2 ft. The follow - 
ing allow ances per lineal foot of weir are sufficient 
for this purpose : 

3J: cubic feet per second, with head of 1 ft. 
above w^eir. 

5| cubic feet per second, with head of 1 ft. 
6 in. above weir. 

cubic feet per second, with head of 2 ft 
above w^eir. 

Methods of Calculation. The illustia 
tion [ 1 ] shows the design adopted by the 
writer for a waste weir and channel in con- 
nection with a large reservoir. The evapora- 
tion and absorption by vegetation is a much 
more constant quantity than the rainfall ; 
consequently the annual discharge fluctuates 
in a higher ratio than the rainfall, unless the 
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river is fed very largely from springs that 
derive their supply from large areas of pervious 
ground, through which the water has to travel 
long distances. Volumes of water are usually 


The next is Posscnti's Formula (modified by 
Baccarini) : 


reckoned in gallons for water supply purposes 
and in cubic feet for river discharge. Velocities 


and in cubic feet for river discharge. Velocities 
are calculated in feet per second. It is useful, 
therefore, to have memoranda for converting 
these several factors into those that are necessary 
for the various calculations that have to be 
made. 

Memoranda rt discharge from gathering 
grounds : 

1 acre = 43.560 sq. feet. 

1 sq. mile = 640 acres. 

1 inch of rain on 1 acre= ^ 

3,630 cubic ft. =22,687 gallons. N® ^ 

1 inch of rain on 1 sq. mile = ^ 

2,323,200 cubic ft. = 14,5(K),000 
gallons (nearly). ^ 

1 cubic foot = gallons. 

cubic feet ^ — gallons. 


1 in. per annum on 1,000 
acres = 62,15.*' gallons per day. 

■} \ '“1 2- “V” KOTCH : 

mile = 39,660 gallons per day. 

1 in. per annum on 1 acre = 10 cubic ft. per 
day (nearly). 

1 cubic ft. per second = 86,400 cubic ft. per 
day. 

1 cubic ft. per second = 540,000 gallons per 
day. 

1 cubic ft. per second = 197,100,000 gallons per 
annum 

1 in. of rain per day = 26*889 cubic ft. per 
second per sq. mile. 

1 in. of rain per day = 0*042014 cubic ft. per 
second per acre. 

1 in. of rain per day = 4*2014 cubic ft. per 
second per 100 acres. 

1 in. of rain per hour = 645*3 cubic ft. per 
second per sq. mile. 

1 in. of rain per hour = 1 *008 cubic ft. per 
second per acre. 

Flood Discharges. ; 

Some attempts have been 7””%, 

made to construct formulae ' ^ _ 

for flood discharge, but it ’ 
is impossible to make one i 

of general accuracy. A [ * 

fairly good formula may i i ^ 

be arrived at for a parti- 
cular district or watershed, 8. detail c 

but it requires to be modi- 
fied to meet the circumstances of a totally 
different district. The table on next page but 
one records the floods that have occurred on 
some gathering groimds. 

The following formulae will enable the student 
to see the way in which a formula for flood 
discharge can be constructed. The first is 
that adopted by Fanning to apply to the 
Eastern States of America, and is as follows : 

Q = 200 (M) S 

where M = area in sq. miles, 

Q = volume in cubic ft. per second. 


purpows ^here Q = volume in cubic metres per second, 
elocities — area in sq. kilometres of mountain 

i useful, portion of basin, 

averting p = area of plains in basin, 

Bcessary a = maximum rainfall in 24 hours in 

f to be metres, 

S = total length of watercourse in 

withering kilometres. 

This formula is intended 
^ ^ for Italian rivers. 

^ Data of River Dis* 

' - charges. In dealing with 

discharge of rivers, cer- 
X ^ have to be ob- 
. ^ and the following 

terms are employed : 

(1) The /tlope is the fall 

surface of the 
water, and is generally 
" ^ expressed in feet or inches 

^ " I ' per mile, and is ascertained 

KOTCH FOR i;AV(iiN(} STREAMS levelling. 

(2) The sectional area 
ft. per (A) is the area of the cross section taken at 

right angles to the current, usually expressed in 
ft. per square feet. 

(3) The hydiaxiUc mean depth (R). or 
>08 per hydrmlic radius, is the result obtained by 
dividing the sectional area of the channel below 
Ions per water level (in square feet) by the wetted 

border or perimeter (P) in lineal feet, the measure- 
ments being obtained from the section, and is 

j ft. per expressed by . 


8. DETAIL OF 


(4) The mean velocity (V), wlxich may be 
either deduced from the surface velocity by 
formula or ascertained directly by measurement, 
is used in determining the “ discharge.” 

(5) The discharqe (Q) is the quantity of 

Avater yielded by the river 

3 „ ^ given time, generally 

y—— stated in cubic feet per 
minute or second, and is 
obtained by multiplying 
the mean velocity in feet 
p^r minute or second by 
Y the sectional area in 

square feet, and is ex- 
“ v " NOTCH pressed thus : Q = V x A. 

Bridges and Piers. 
When designing bridges to span rivers, as 
much AAidth should be allowed between the 
piers as possible, to keep the channel compara- 
tively shallow. Velocities exceeding 5 ft. per 
second are liable to cause damage to the foun- 
.cktions of piers, etc., by scour. Some Indian 
railways are carried on viaducts for miles in 
crossing large rivers, to provide ample waterway 
for floods and to allow for deviations in the 
course of the river through shifting sandbanks. 
In designing i»ers care must be taken to obstruct 
the waterway as little as possible and not to 
cause avoidable eddies. 
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The rate of fall of rivers has an important 
influence on the maximum floods, as steep slopes 
carry the water of! rapidly and do not spread the 
flood over much longer periods than the heavy 


flood over much longer periods than the heavy 
rainfell. 

Gauging Rivers. In determining the 
volume of water discharged by a river or stream 
great care must be taken in order to obtain 
reliable data. With small streams dams are 
constnicted ; these head baek the water, and 
cause it to flow over a specially piepared weir 
or notch. The amount passing can then by for- 
mula be accurately ascertained. 

There are several forms of 
notches, but the “ V ” notch Hate- 

is more generally used (on ac- 
count of the greater accuracy ^ 
obtained), and will be taken for 
the purpose of this course. 

The “V Notch. The j 

construction of a “V ” notch 

for gauging streams is shown 

by the illustration [ 2 ], of which 
the following is a description. 

Ha\nng settled on the best 
spot to erect the dam, drive 
stakes firmly into or near the 
banks on each side of the stream, 
and fix planks across so as to 4 
obstruct the flow of the water. 

On this dam a metal plate, having a right- 
angled, or “ V ” notch [2 and 8 ] cut in it, is 
fixed on the up-stream face, and covers a 
similar but larger notch cut in the timber. 

The notch in the metal plate forms a sharp 
edge (the edges of the notch in the wood being 
chamfered), over which the smallest quantity 
of water can pass in an unbroken stream. 

The height of the bottom of the notch from 
the water level on the down-stream side of 
the dam must be at least IJ times that of the 
head above the notch, in order to allow a per- 
fectly free fall for the water, as shown by 4 , 

The dam must be absolutely vertical, and of 
sufficient height to head back the stream imtil 
a pond is formed, the velocity of flow through 
wliich is as near zero as possible. The size of the 
notch is therefore dependent on the above 
conditions. The height of water passing must 

be measured from a scale , , ^ 

r 2 P] placed for this pur- 
pose in still water, which 1 •% 

is generally some few feet ] 

from the dam. The reason ' . 


1 important When ninning at any other depth but fuU, 
steep slopes 'B and H become h and h in the formula. The 
►t spread the discharge 

a the heavy ^ q = , 

in right-angled notches. 

mmmg the _ 

er or stream B = 2H and Q = \'2gH- (1 ) ; 

r to obtain , a 

j dams are if B = 4H then Q = >/2gH- (2). 

water, and In right-angled notches with sharp edges 
epared weir B = 2H and C = 0*59. When B = 4H, then 
then by for- C = 0*62. Taking these coefficients the dis- 
charge (Q) in cubic feet per 
second in Equation (1) becomes 

Q = 2-54H^; Equation (2) be- 

^ comes Q = 5 30H-. 

^ Larger volumes of water flow- 

I ^ channels can be 

— ~ gauged by employing a sharp- 

I ■ ^ edged weir. The following 

~ — — Ni ■ ® formula must then be used: 

1 H R Q=ClH+i;V2pI 

i Hi where Q — discharge in cubic ft. 

per second, 

Z = length (in feet) of weir, 
H — he^ of water in feet, 
C - coefficient allowing 

4 , “v” NOTCH IN SECTION contraction. 

The coeffiicient C has been 

ng a right- found by experiment to be between *59 and *62. 

!ut in it, is This variation depends on the length and head 

i covers a of the weir as well Us of the channel of approach. 

:he timber. If the depth of water behind the weir is at 

ms a sharp least 4H, as shown in 4 , and if the channel 

wood being extends at least 3H beyond the ends of th(‘ 

st quantity weir at th6 level of the sill, the velocity of 

:en stream. approach will be insignificant, 

notch from Calculating Flow in Large Rivers. In 
im side of dealing with large rivers, cross-sections of the bed 

that of the have to be obtained in oider to determine the 

illow a per- “ wetted perimeter ” and “ the hydraulic mean 

vn by 4 , depth.” Cross-sections can be obtained by 

ical. and of stretching a line (at a known reduced level) 

tream imtil across the river. Prom this line soundings are 

ow through taken at regular intervals, and from these the 

j size of the section of the river bed can be plotted. The 

the above section having been obtained, equalising lines 

issing must are drawn to ascertain the wetted perimeter, 

, . i . ^ ^ shown by 5. 

— i — The slopes A B and 


The slopes A B and 
C D are found to be 
to 1, so that A B and 
C D = n/9^ 6 ^ = 10-8', 


for this is that the lewl of 5 ^ obiainino thb wetted perimeter 

the water in the immediate - 20 ^ 2(10 8 ) - 41*6 . 

,, vicinity of the notch is lower than the true head, The water surface will be 
as shown by 4 . Therefore, under no cir- = 20 4 - 2 ( 6 ' x IJ to 1 ) ~ 38'. 

cumstances must the head be measured from rm. ai. r r ai.- a- n 

the notch itaelf. If. however, the width of the ^he area, therefore, of thm section will he 

20 + 38 , /» _ iPTA f_A 


dam is considerable, “ still ” water may be found 
near the bank, then the scale P [2] can be 
placed near the dam, and yet be away from the 
influence of the notch. 

Calculation of Water Flow. The 

formula to be employed in calculating the 
amount of w ater posing over a “ V ” notch is 
as follows. 


= 174 sq. feet, 

and the hydraulic mean depth will be 

Another method is to take out the area by means 
of a planimeter. 
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Ascertaining Velocity of Flow. Having 
explained how to obtain the Bectional area of 
vhe river, we proceed to the determination of 
it8 velocity ir order to obtain the “discharge.” 

While gauging forms the most accurate 
method of determining the discharge of rivers, 
it is necessary for their improvements, or 
in connection with irrigation canals (in which 
there is flow), to have some formula which 
will give an idea as to what velocity may be 
expected. The formula of Herr Kutter, which 
is generally adopted, is as follows, expressed in 
English terms : 



1*811 0-00281 






where V = mean velocity in feet per second, 

R hydiauUc mean depth, 

S = sine of the slope or the fall divided 
by the length. 

N = coefficient of roughness, varying 
between 025 and 033. Riveis 
with banks in good order and 
regular. *025: vhen in moderate 
order. *030 ; when in bad order *035. 


The velocity of streams varies at different 
jx)ints on the cross-section, being at a maxi- 
mum near the surface at the centre and 
at a minimum at the bottom and sides. It 
thus becomes necessary to obtain the mean 
velocity for any cross-sectionvin order to de- 
termine the discharge. Formula* have been 
devised for obtaining this. One of the best has 
been given, M’hich takes into account the varjing 
rouglmess of the river bed. Bubuat arrived 
at the following formul/t for deducing the 
mean velocity from that of the surface velocity. 
If 

s — surface velocity! 
h ^ bottom velocity rin inclies. 
m - mean velocity J 
then _ 

b =(x'»-l)-. 

m = , 


m 




\\Tieeler gives the following formula as the best 
for tidal rivers, and it is simpler than the one 
previously given. 

V=Cs/2RF 

where F = the fall in feet |Xfr mile. 

R = the hydraulic mean depth in teet, 

V = the mean velocity in feet per second, 
C = a constant. 

Approximately, the constants may be taken 
as follows: For small streams discharging 


rbout 50 cubic ft. a second, 0*65 ; for 
• larger streams of from 200 to 300 cubic ft. 
a second, 0*75 ; for tidal rivers 1,000 cubic ft., 
0*85 ; for tidal rivers 10,000 cubic ft., 0*95 ; 
for tidal rivers 100,000, 1*00; for IjOOOiJpO, 
1*50. 

Current Meters. A better method of 
arriving at the mean velocity is by means of 
current meters. The cross-section should be 
divided up, and reswiings taken at various points, 
and at different depths, the number depending 
on the total depth. The line used for obtaining 
the lengths for the cross-section will also serve 
the purpose of fixing the position of the current 
meters while readings are lieing taken. One of 
the points should, of course, be that for ascer- 
taining the surface velocity. 

Fig. 6 sho'ws a form of current meter. The 
velocity of the current revolves the vanes, con- 
nected by an endless screw, working in a wheel, 
which registers the number of revolutions in a 
given time on a wheel. The motion of water in 

large channels 
is so very un- 
steady that it IS 
not sufficient to 
take the velocity 
over only a few 
seconds, there- 
fore a period 
of at least one 
minute should be 
adopted. 

Another method of obtaining the velocity is 
by means of floats, sufficiently submerged as 
not to be affected by wind. The float is dropped 
into the river, and the time it takes to travel 
between known points is noted. This method is 
useful in sluggish streams wdiere the current 
meter •would not work satisfactorily. 

For a more detailed study of the subject ot 
hydraulics as applied to rivers, the works of 
Mr. Stevenson on “ River Engineering.” and 
Mr. Wheeler on “ Tidal Rivers,” may be recom- 
mended. 


1 STATISTICS or FL(K>L>S 




C»Ki( f**« t per 

■ 

it<l miles 

second ner 
milt 

Belfast (Trap rock, clialk and 

1*50 

34 

greensand). Mean rainfall, 
:is*42 in. 



Manrhester (Pennine Cliain). 
Millstone grit, etc. 


160 to 256 
(over 1 in. 
per hour) 

.\efv York (Croton T^ateniorks) . . 

20-37 

48 

A affpur (Central India) . . 

6-0 

170 

reffim (various irrigation rescr- 
^oirs) 

— 1 

640 (1 in. 
per hour) 

Algeria (irrigation) 

Loch Katrine (Glasgow water- 

312 

560 


80 

works) 



River Clyde 


64 

Perwent (above Perwentwater) . . 

— 

About 500 



Continued 


5|li 







OOMMBIIOIAL OBOOIIAPMV 


north and much of the lessened surplus is sent 
to the Far East. In India the cotton manu- 
facture is also encroaching on the margin for 
export. Hence the needs of Lancashire must 
be supplied elsewhere and a recently formed 
British Cotton Growing Association aims at 
develpping the resources of Nigeria, the Egyptian 
Sudan, etc. 

.Qualities of Fibre Cotton* The quality 
of cotton varies •with soil and locality. The 
ordinary American, or upland cotton, has a 
short fibre, about 1 in, long, used for all 
the familiar cotton goods. The low islands 
off the coast of Georgia and South Carolina 
grow sea island cotton, \^ith a strong fine fibre 
2 in. long or more. This sells at a high price, 
and is used for thread, lace, and fine stuffs. 
Peruvian cotton is also long, and is used in 
hosiery and underwear, in combination with 
wool. An exceptionally long fibre, grown in the 
Piura Valley (Peru), fetches a very high price, 
and is use! for hosiery, and for lining rubber 
tvres* Indian cotton, even when grown from 
American seed, is short, and does not spin a fine 
yam. Egyptian cotton is long, fine, and very 
prolific, the >-eld per acre exceeding that of the 
United States. It is used in making thread and 
fine underwear. 

In the cotton manufacture Britain still leads 
the world with 47,900,000 spindles in 1903, 
against 33,000,000 in 1870. The Continent of 
Europe has 33,000,000, Germany and Russia 
having 8,000,000 spindles in 1903, against 
3,000,000 and 2,000,000 respectively in 1870. 
The United States had over 22,000, OOO spindles 
against 7,000,000 in 1870, and 19,000,000 in 
1900, the rapid increase being largely in the 
Southern States. 

The following table* shows the quantity of raw 
cotton imported by the leading countries at the 
beginning of the twentieth century : 


Countn 

1,(K)0 cwts. 

Value in £1,000 

United Kingdom 

13.849 

36,4.57 

fTerman\ 

4,393 

13,520 

France 

3,489 

8,477 

Russia 

3,319 

6,819 

Japan 

2,8«r. 

6,668 

Austna-Hunjfarj’ 

2,093 

6,028 

Italy . . 

2, .554 

6,017 

Spain . . 

1,606 

2,933 


789 

1,6:^4 

Canada 

608 

880 

Switzerland 

458 

1,279 

Other Fibres. 

Manila 

hemp is a long, 


strong fibre, obtained from the leaves of a plant 
of tlw banana family. The longest fibres are 
made into ropes, the shorter into carpets, sail- 
cloth, etc. Practically the whole supply comes 
from the Philippines, and is import^ through 
Manila. JiUein grown in the delta of the Ganges, 
and yields a strong, coarse fibre, which became 
an import article of commerce when the Crimean 
War (1854-1856) cut off the Russian supplies of 
flax and hemp. Jute takes brilliant but not 
lasting dyes, and is largely used in Dundee and 
elsewhere as a substitute for wool in carpets, 
ni^, tapestries, and other fabrics. Round 
Calcutta it is extensively made into gunny cloth 
for packing bales and gunny sacks, imported into 
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the United States, Brazil, Argentina, etc. Largo 
numbers of jute sacks are also made by Chinese 
labour in CaUfomia for the Pacific wheat harvest. 
Steal hemp, or henequen, is used for cordage, 
sacking, etc. It is obtained from a species of 
agave largely cultivated in Yucatan and also 
in British Honduras and the West Indies. 
Ramie rhea, or China grass, obtained from a 
species of nettle grown chiefly in China, India, 
and Japan, is a fibre much stronger than hemp, 
and almost as lustrous as silk. It is increasingly 
used in France, not only for cordage and ammuni- 
tion bags, but for fine fabrics, table linen, rugs, 
upholstery, etc. The Bank of France uses it for 
making banknotes. Phormium, or New Zealand 
hemp, IS used for cordage. Coir, the husk fibre 
of the coco-nut, is exported from India and 
tropical America for making coco-nut matting. 
Piassava, obtained from the stem of a species of 
palm, comes from Brazil, and is made into 
brushes and brooms. The midrib of the sheaves 
of the screw pine, growm in tropical America, is 
made into Panama hats in Ecuador, Venezuela, 
and Colombia, but many inferior fibres are used 
as substitutes. Plaiting straw, the stem of 
spring wheat, very thickly sewn in a limy soil, 
which bleaches it, is made into hats in Italy and 
Belgium. 

Paper. Most of those fibres arc more or less 
fit for making paper [see Applied Chemistry]. 
Linen and eotton rags have long been pulped for 
this purpose. Worn ropes are pulped for making 
brown paper. To meet the enormous demand, 
esparto has been largely used, as well as others 
of the fibres named. In recent years, however, 
the cheap qualities of printing paper are chiefly 
made from wood-pulp. The fine papers of China 
and Japan are made from the bark of the paper 
mulberry. Besides its ordinary uses, paper is 
used as a material for making boxes, bowls, etc. 

Oil Seeds. Some of the fibre plants are 
also grown for their seeds, from which oil is 
expressed. Linseed oil, expressed from flax seed, 
is used as a drying medium in paints and 
varnishes, and in printers’ ink, etc. Treated with 
sulphur and applied to canvas, it is used in 
making oilcloth. Linoleum is made by a similar 
process, with the addition of finely powdered 
cork. Linseed is chiefly exported from India, 
Russia, Argentina, and the United States. 
Cottonseed oil, sometimes called coUolene, is used 
as a substitute for butter or lard as well as in 
making soap. The residuum both of linseed and 
cotton seed, forms oil cake, used for fattening 
stock. Other oil seeds are rape, largely grown in 
India and yielding eoha oil, still used as an 
illuminant and as a lubricator, though largely 
replaced by petroleum. Sesame is grown in 
India and Asia Minor, the oil being used both 
for the table and for lighting. Poppy-seed oil, 
besides its use for food, is imported from India, 
chiefly to France, for making paints and soap. 

No exhaustive list of cultivated plants can 
be given. In India alone, for a single purpose 
(tanning and dyeing), 300 species are used. 
Vegetables dyes are elsewhere less used than 
formerly. Indigo, a blue dye, is exported from 
Bengal and Madras. Madder is grown for yellow 
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and red dyes in the Levant, France, Germany, 
and Holland, aa well as in India and the United 
States. Medicinal plants are very numerous. 
Rhubarb, one of the* commonest, is grown on a 
large scale in China. 

Products of the Pastoral Lands. The 

pastoral lands have had an enormous influence 
on human destiny. The Old World steppes were 
the home of the horse, ox, camel, sheep, and 
goat, which man has domesticated, suppl 3 ring 
himself with a permanent food supply, the means 
jf transport, and valuable raw materials — wool, 
hair, hides, tallow, etc. 

To rear animals profitably, pasturage must be 
abundant and land cheap. Animals are bred on 
a large scale for food or other uses on the thinly- 
peopled grasslands of the world. In more 
thickly peopled regions, dairy farming is more 
profitable. The United States breeds animals 
chiefly for food (cattle and hogs), as do Canada, 
Argentina, New Zealand, and Australia. Dairy 
farming is highly developed in Eastern Canada, 
the Eastern United States, Denmark, Holland, 
and Switzerland. Animals are bred chiefly for 
their hides and tallow in India, Venezuela, 
Argentina, Russia, and South Africa, and sheep 
for their wool in Australia, South Africa, Argen- 
tina, Western and Central Europe, etc. 

The Meat Industry- The western part 
of the Central Plain of North America is too dry 
for agriculture. Where there is sufficient buffalo- 
grass, or other pasture, large ranches, or cattle 
runs, are formed. The ranching states are 
Alberta in Canada, and Montana, Wyoming, 
Colorado, New Mexico, and Texas in the United 
States. Cattle are also bred in great numbers 
in the maize belt, where live cattle are fattened 
for export, as well as in the eastern states. 
Dressed beef, as it is called, comes chiefly from 
the ranching states. The animals are slaughtered 
at one of the meat cities, of which Chicago, 
Kansas City, and Omaha are the largest, and 
forwarded in refrigerating cars to the eastern 
markets, a large proportion being for export. 
Beef canning, formerly very important, has 
declined, as the trade in live and dressed beef 
developed. The great meat packing industry, 
carried on at Chicago, etc., chiefly handles hogs, 
which are fattened in enormous numbers in the 
maize belt. Every part of the hog has its uses. 
Th0 flesh forms ham or bacon, and is salted, 
smoked, or canned. Lard, the rendered fat, 
which forms an ingredient in margarine, candles, 
etc., is prepared in enormous quantities at 
Cliicago and Cincinnati. The bones are car- 
bonised for use in sugar refining, or made into 
fertilisers, the smaller bones being used for 
handles, buttons, etc. The intestines are made 
into sausage edgings, and the tendons, etc., into 
glue. The hair is used in mixing mortar. 

In Canada the dressed beef trade is of little 
importance, but live cattle are sent to British 
Columbia and also exported. The meat trade 
is increasingly important in Argentina. Beef 
extract is m^e in large quantities, and Pa^andu 
tinned tongues have a mgh reputation. Firozen 
mutton is an important export from Argentina, 
Buenos Aires having the largest freezing plant 


in the world. The industry is important in the 
South Island of New Zealand, and in Australia. 

The Dairy Industries. The chief dairy 
products are butter — which is now made in 
mechanical separators — cheese, condensed milk, 
etc. Canada is the largest cheese exporter in 
the world. The dairy produce of the United 
States is chiefly for home consumption. Re- 
frigeration is applied to the trade in butter, 
which is now exported from Siberia and Aus- 
tralia. Denmark and Holland are the chief 
exporters in Europe. Excellent cheeses are 
m^e in Switzerland, Northern Italy, France, 
and Holland, all exporting countries. Con- 
densed milk is chiefly made in Switzerland. 
Margarine, made of lard or other animal fats, 
mixSi with butter, milk, etc., is made in Ger- 
many, Holland, and the United States. 
Koumiss, or ferpiented mares’ milk, is an im- 
portant food among the nomadic peoples of 
the Old World steppes, and is now recommended 
as a remedy for consumption. Eggs and 
poultry may be included with dairy produce. 
Canada fattens turkeys in large numbers. 
Much poultry is imported into this country 
from the Continent. Eggs are imported from 
France, Austria-Hungary, Italy, and Russia. 

Tallow, the render^ fat of sheep and oxen, is 
exported from the United States, Argentina, 
Russia, and Australia. It is used in making 
soap, candles, lubricants, etc. These manufac- 
tures are important in the large towns of the 
pastoral steppes of Russia. 

Hides and Leather. Raw hides are 
imported into this country from India, South 
Africa, Argentina, Uruguay, Brazil, etc. ; tanned 
hides chiefly from India and the United States 
[see Leather]. The skins are freed from 
grease, hair, etc., and rendered firm and durable 
by treatment with astriiigent substances, gene- 
rally the bark of some tree, after which it is 
treated with tallow or other oil to make it 
supple. Russia leather owes its characteristic 
odour to the birch bark with which it is tanned. 
Morocco is a goatskin leather. Chamois leather 
is made by working oil into the cleaned skin. 
Tavring is a method of treatment with alum to 
soften leather for the uppers of ladies’ boots, and 
for gloves. The latter industry is brought to 
perfection in France, Belgium, and V'ienna. 
Kid skin is used for the finest, sheep or lamb 
skin for the cheaper makes, and calf or dog skin 
for the stoutest qualities. Leather is also used for 
saddlery, bookbinding, furniture covering, etc. 

Hair, The hide is not the only portion of 
the skin in use. Horsehair is exported from 
Russia, Siberia, and Argentina for upholstery. 
Pigs’ bristles are made into brushes. Leipzig is 
the chief European market, most of the supply 
coming from Russia. The distinction between 
wool and hair is difficult to draw. Wool felts, 
but so do (1) mohair, the silky hair of the Angora 
goat, a native of Asia Minor and Persia (market, 
Smyrna), now introduced into Cape Colony and 
California, (2) the hair of the Kashmir goat, whose 
scanty yield is extremely costly and is made into 
the famous Kashmir shawls, and (3) camel's hair, 
which is exported from China and Russia, and 
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IS used for soft paint-brushes, and for making 
shawls, etc. Mohair, and the wool or hair of the 
alpaca, vicuna, and llama, all natives of the 
Andes, are largely mixed with ordinary wool. * 

Wool* The finest and softest wool is pro- 
duced in diT high pastures. The merino sheep, 
a native of Northern Africa, was early intro- 
duced into Spain. Saxony, Silesia, and France 
effected great improvement in the breed, and 
the magnificent flocks of Australia are chiefly 
descended from the improved German breed. 
Australia (Victoria, New South Wales), pro- 
duces the finest wool in the world. The 
mutton of the merino sheep is poor, and the 
growth of the frozen meat trade is inducing 
Australian farmers to try various crosses to 
improve it. The best English breeds are the 
Lincoln, Cheviot, Leicester,' and . Southdown. 
About 80 per cent, of the world’s yool is obtained 
fiom the merino, from the hea\y English sheep, 
and from crosses between the two. 

Qualities of Wool. Wool may be either 
long or short in staple, and either coarse or 
fine. The finest and softest wools are generally 
gro>\Ti in arid regions, as in Australia and 
Southern California. That grown in wet 
lowlands is often coarse and harsh. Worsted 
yams are used for merinos, serges, hosiery, 
carpets, etc. Cloth yams are made into a 
great variety of cloths and dress materials. 
Carpets are everywhere an important product 
of the pastoral lands. Those of Persia and 
Turkey have long been famous. They are 
made of a wool which does not easily felt, so 
that the pile remains erect. Sheep do well on 
high hill pastures, and the wool manufacture, 
utilising the abimdant water power, often grew 
up in the neighbouring valleys. In this country 
it is still located in the valleys of the Aire and 
Calder (Leeds, Bradford), of the Tweed (Hawick, 
Galashiels), and of the Cotswolds (Stroud). 
The same thing occurred in Saxony and the 
Ardennes. The manufacture is now important 
in all the principal countries of Europe, in the 
United States, and in Canada. 

The WorldX Wool Supply. The 
world’s supply of wool in 1904 was esti- 
mated at 2,1S^,000,0CK3 lb., of which Australia 
supplied over 24 per cent. ; South America over 
22 per cent. ; Europe over 27 per cent, (the 
United Kingdom contributing over 6 per cent.) ; 
North America over 14 per cent. ; and South 
Africa over per cent. Britain imports over 
600,000,000 lb. of wool, principally from her 
Colonies. Australia supplies two-fifths, London 
being the great market for Australian wool, 
though it is increasingly sent to Marseilles, 
Ant wen), Hamburg, and New York. New 
Zealand sends a quarter. Cape Colony one-tenth, 
and British India one-tw'entieth, in all four- 
fifths. The following are the figures for 1905 : 


Im^iorted wool 654,000,000 lb. 

Imported nheemkiris . . , . 24,000,000 „ 

Hon>e production 181,000,000 „ 

, Woollen raipr imported , , . , 92,000,000 „ 


901,000,000 lb. 

The last-nAmed are tom into fibres, respun and 
woven into shoddy and mungo. 


Of this total import 279,000,000 lb. of foreign 
and 35,000,000 lb. of home-grown wool were 

exported, leaving a surplus of 587,000,000 lb. 
In addition woollen manufactured goods, valued 
at £12,600,000 w^re imported, and woollen goods 
and yam to the value of £26,000,000 were 
exported. The imported wool in 1905 was: 

Sheep and lamb 618,700,000 lb. 

Alpaca and \ifuna 181,500,000 

j.. 25,800,000 „ 

770,500,000 lb. 

SilK. Silk is produced by the caterpillar 
of a species of moth, w'hich lays several hundred 
eggs so minute that one oimce of them will 
produce 40,000 silkworms, which are hatched. 
From the good cocoons raw silk is formed ; 
from damaged cocoons, broken threads, etc., 
silk waste is obtained. 

The food of silkworms lieing the mulberry, 
lime, and other leaves, they cannot be kept 
outside the area where these will grow, nor 
can they be kept all .over that area. Cold 
springs are very injurious. In China, the 
silkworms are hatched in' April, and if the 
temperature fall below 60°, the yield of silk 
is much reduced. A second restriction is im- 
posed by the cost of labour. In Italy, girls 
are employed at a nominal wage to wind the 
silks off the cocoons, but where labour is highly 
paid, it is cheaper to import the raw silk than to 
grow it. For these reasons silk is still chiefly 
produced in the Old World, especially in China, 
Japan, India, Persia, Asiatic Turkey, and Italy, 
the Rhone valley in France, the A^ge valley, 
and the Mediterranean provinces of Austria- 
Hungary, and to a small degree in Greece and 
Spain. The silk manufactures of the East have 
long been famous In Europe, France (Lyons), 
Germany (Krefeld), Italy (Milan), and Switzer- 
land (Zurich, Basel), are the chief manufacturing 
countries. In the United States, Paterson, New 
Jersey, is the “ Lyons of the United States.” 

In China, India, and Mongolia, wild or tussore 
silk is obtained from other caterpillars or from 
the mulberry moth in a natural state. Artificial 
silk is made of cellulose, chiefly from w’^ood pulp. 

Other Animal Products. Other impor- 
tant animal products are furs, ivory, feathers, 
wax, and such commodities as cochineal and lac, 

Furs are chiefly produced by the animals ol 
the temperate forest. The chief sources oi 
supply are the forests of Siberia, Canada, and 
Alaska. Of South American furs, chinchilla it 
one of the most popular. Australia exports 
kangaroo and opossum furs, and large numbers oi 
rabbit skins. Cats are bred for their skins ir 
parts of Central Europe. New York and Londor 
are the chief markets for North American furs 
and Nizhni Novgorod for Siberian furs. Th( 
greatest fur market in the world m Leipzig. 

Feathers are used both for ornamental anc 
domestic purposes. The former come chiefly 
from France, the East Indies, and South Africa 
famous for ostrich feathers. The principa 
domestic feathers are those of ordinary poultry 
used for bed and pillows, and of the eider duck 
obtained from the Polar regions. 

Beeswax and honey are the product of thi 
honey bee. Both are largely used on th< 
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Continent, the former chiefly for church candles. 
Wax and honey are exported from Tunisia and 
Algeria, California, Chile, and New Zealand. 
Bees are largely kept in Germany, France, 
Austria-Hungary, and Italy. 

Cochineal is a red colouring matter, obtained 
from the dried bodies of an insect, which is culti- 
vated in Central America and the Canaries, the 
latter supplying this country. Lac is another 
insect product, used for lacquer, dyeing, etc. 
The best comes from the valleys of the Ganges 
and Irawadi. Ivory is obtained from the tusks of 
the elephant, hippopotamus, walrus, etc. Ele- 
phant ivory is chiefly obtained from Africa and 
the East Indies. Hippopotamus ivory is smaller, 
but is much in demand for the handles of surgical 
instruments. 

Products of the Sea. The most valuable 
products of the sea are the food-fishes. [See 
Fisheries in Food Supply and Natural 
History.] The best fishing grounds are the 
shallow seas, which cover the Continental shelf 
in the cooler parts of the temperate ocean, and 
especially the waters of the Atlantic coasts of 
North America, the Grand Banks of Newfound- 
land, and the North Sea. The Japanese waters 
are also rich fishing grounds. 

The cod^ the most valuable fish of temperate 
waters, is caught by hand lines in vast numbers 
on the Banks of Newfoundland, chiefly by 
fishermen from this country, France, Canada, 
and the United States. A great part of the 
catch is salted and dried for export to Latin 
Europe and South America. The fishery is also 
important in Canadian waters, on the Dogger 
Banks of the North Sea, and round Norway, 
especially in the Lofoden Isles. Cod-liver oil, 
extracted from the liver, is largely exported from 
Newfoundland and Norway. 

The herring is caught in the same waters, but 
nearer the coast. In North America the Maine 
fisheries are very important, and the small fry 
are largely camied as sardines, the American 
output competmg successfully with that of 
genuine sardines. Dried, salted, or smoked 
herrings figure largely in commerce. 

The haddock, whiting, mackerel, the flat fishes 
{turbot, sole, halibiU), and many others are 
important in the same waters. The tunny 
fisheries are confined to the Mediterranean, where 
sardines are also important. The best anchovies 
ai*e those of Leghorn. 

The salmon is abundant in the rivers of Alaska, 
British Columbia, Norway, Scotland, etc. The 
canneries of Alaska are now more important 
than those of either the Columbia or the 
Fraser rivers. 

The sturgeon is a large Ash, chiefly valued for 
its roe, which is made into caviar. It is abundant 
in the rivers of the Black and Caspian seas, in 
the Great Lakes of North America, and in the 
Delaware and other rivers. Much so-called 
Russian caviar is made in Maine, and much from 
the Delaware is exported to Germany. 

The estuaries of the Atlantic coast of North 
America produce excellent shellfish. The lobster 
js abundant from Labrador to Delaware Bay, 


but the New England lobster catch has greatly 
declined, and canned lobsters now come chiefly 
from Canada. Lobsters are numerous on the 
Pacific coast, but inferior in quahty, in the 
seas of Northern Europe and the Mediterranean. 
Chesapeake Bay and Long Island Sound are 
famous for oysters, which are carefully reared. 
The oysters of our own country have been 
famous since Roman times. 

Whale, Seal, and Dugong Fisheries. 

The whale is hunted for its whalebone, the 
horny fringe of the upper jaw, and for the 
blubber under the skin, which yields train oil, 
used in soap-boiling, and as a lubricant. The 
fishery is declining. Whales have become scarce, 
petroleum has largely replaced the train oil, 
and celluloid, steel, and other substitutes are 
used instead of whalebone for many purposes. 
The whale is hunted in Arctic waters, and train 
oil comes chiefly from Norway and British 
North America. Peterhead and Dundee arc the 
chief whaling ports in this country. New Zea- 
land is the centre of the whale fishery of the 
southern hemisphere. The right, or Greenland 
whale, found near Greenland, and in the seas 
north of Norway and Iceland, supplies both 
whalebone and blubber; the bottle-nose whale 
(from the north-east of Iceland) yields blubber 
only. The sperm whale (hunted near the 
United States, New Zealand, and in the warmer 
seas) has no whalebone, but has spermaceti in 
the head cavity, which is used in making salves 
and candles. It also yields a morbid product 
known as ambergris, which commands a high 
price for use in perfumery. It is chiefly obtained 
from the Bahamas. The dugong is caught in the 
Indian Ocean, the Eastern Archipelago, and 
the Australian waters. Dugong oil is made in 
Queensland as a substitute for cod-liver oil. 
Dugong bacon is a preserved meat exported from 
vueensiand. 

The seal, an amphibious, fur-bearing animal, 
is principally captured on the breeding grounds 
of the Pribylof Islands in Behring Sea. The 
}>elts are shipped to San Francisco, and thence to 
London, which is the principal market. Blubber 
seals are captured off Labnvdor and the Gulf of 
St. Lawrence. 

Miscellaneous Sea Products. The 

sponge comes from the Adriatic and the Eastern 
Mediterranean. Inferior sponges are obtained 
from Florida and the Bahamas. [See Natural 
History.] Coral, the skeleton of (he coral polyp, 
is largely manufactured into ornaments round 
Naples. Most coral comes from the Western 
Mediterranean, CajH‘ Verde, etc. Pearl oysters 
are obtained by divers from the Persian Gulf, 
Ceylon, the Sulu Archipelago, Torres Strait, 
Noith-West Australia, Tahiti, California, and 
the northern coast of Venezuela. . 

Trepang, or sea cucumber, also known as 
beche de mer, a kind of sea slug, is obtained 
round the coasts of the Eastom Archipelago, 
New- Guinea, Northern Australia, and parts of 
the Pacific. It is in great demand in China and 
Chinese settlements as a flavouring for soups. 
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FLOORCLOTH & LINOLEUM 

Materials and Processes m the MamiMctme 
of Floorcforii and Linoleum. Inlaid Linoleum 


By W. S. MURPHY 


TN our survey of the various branches of the 
* textile industry we have glanced over the 
history and processes of floorcloth and linoleum 
manufacture. Necessarily brief, the summary of 
facts most pertinent to our subject given on 
pages 1026-27 is quite sufficient as an intro- 
duction to our subject. Dealing now with the 
practical work, we take up the making of floor- 
cloth which is the oldest, simplest, and cheapest 
of textile floor coverings. 

Sizings In one sense, the making of floor- 
cloth is a finishing process — the covering of a 
woven canvas with a certain amount of oil paint. 
The jute canvas which forms the basis of floor- 
cloth is rough and open in texture, and to save 
paint, as well as to afford the pigment a firm 
grip on me^fibre, we coat the canvas over with 
a thin size. First the canvas is nailed at full 
stretch upon large wooden frames provided with 
screws to regulate the tension in a chamber or 
stove fitted up with steam heating pipes. Between 
each frame is a scaffolding upon which the worker 
ascends to work on the high parts of the canvas. 
The size is laid on with a brush, the object being 
to make the cloth as smooth as possible, filling 
the grain of the rough texture. When fairly dry, 
but not hard, the surface should be rubbed over 
with pumices tone and made smooth. 

Coatings Before proceeding to lay on the 
paint we should go over the canvas with the 
shears, cutting away all the loose fibres and flying 
threads. The canvas is then ready to receive 
its first coat of paint on each side. The paint 
is not the pigment used for coating wood, or 
other plane surfaces ; it is very thick, generally 
composed of yellow ochre or red oxide of iron, 
made into a thick paste with drying oil. Lifted 
on long steel trowels, such as plasterers use, the 
pigment is laid smoothly on both sides of the 
sized canvas. A second coat, as soon as the first 
has dried, is laid on the side to be made the back, 
while the surface of the other side is smoothed 
with an application of pumicestone, A second 
coat is then applied, and after it has dried, the 
rubbing with pumicestone is repeated. The 
number of times this is done depends wholly on 
the quality or thickness of floorcloth desired. 
After each coating the heating steam is turned 
on and the doors of the stove shut down. 
Before applying the surface coat, it should be 
made certain that all the under coats have 
thoroughly settled and hardened. Because the 
surface is to be smooth, the last coat is put on 
with the bru^. The paint is usually of a higher 
quality than that used for the former coats. 

The system of coating described is that 
employed for high-grade, hand-made fioorcloths. 
The lower grade article more in demand in these 
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days of cheapness is all coated by machhw 
The roils of canvas, usually 2 yd. or 4 yd. wid 
(in the hand-made smies we have the a^antag 
of getting goo^ as wide as fl vd*, thus avoidin 
cutting and jomh^ in laying large apartments] 
sae passed trough a coating machine fitte 
with colour trough and steel knife, or doetoi 
which regulates the thuksess of the coating 
much tkimer, of course, than in the case of th 
hand-made goods. The finishing process c 
varnishing is also done on a special brushin 
machine. 

FininlLing. If the floorcloth is destmei 
for the market in a plain state, it is varnished 
seasoned in the dry^-room heated up to 
tempwature from 110° F. to 130^ F. Hardene 
sufficiently, the cloth is trimmed, and wound cr 
to roHers for the warehouse. But if a patterj 
is to be printed on it the cloth passes nnvamishe 
through another operation, in which it is treate 
in a way similar to the linoleum. We sha 
observe both being printed in due course. 

Lfnc^leum. Though accepted as a hygioni 
floor-covering, floorcloth was objected to becaus 
of its hardness, coldness, lack of elasticity an 
deadening property. In order to meet these objec 
tions tho^ engagi^ in the floorcloth businesf 
and others, sought to make another substanc( 
which, possessing all the properties which mad 
floorcloth valuable, would have fewer defect* 
Linoleum is the most popular result of thee 
efforts. Like the older fabric, linoleum has fr 
its skeleton a layer of jute canvas. The vegetabl 
fibre, however, plays a very small part in th 
construction of linoleum. Four other kinds ( 
materials make up the bulk of this heavy fabric- 
linseed oil, cork, kauri gum, and pigments. Th 
linoleum manufacturer has to prepare thos 
materials for his purpose. 

C«n*ll. The chief sources of the cork suppl 
of Europe are Spain, Portugal, and Algeria 
but, it must be admitted, linoleum manufa* 
turers depend mostly on the cork-cutters f< 
the supply of their needs. Refuse from tl 
great cork-cutting factories is collected and sol 
to the linoleum trade. 

Cork-grinder. To cut cork is rathi 
difficult. It is very tough and elastic. Aft< 
having been sieved, and thus separated from tl 
rubbish too plentifully mixed with it, the coi 
IS taken to the grinder [ 281]. Bolted firmly to 
driven shaft m the middle of the breaker v 
find a series of heavy circular saws, one large ar 
one small alternating. Opposed to these a 
bars of steel, with toothed ends, grooved coi 
trary to the teeth of the saws, and ahemath 
long and ^lort to suit the large and smt 
diameters of their opposites. From a hopp 
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on the head of the machine, the cork comes down 
in between the teeth of saws and bars, which 
speedily reduce it to mingled dust and little 
pieces. 

Milling and Mixing. Though fairly broken 
the cork is not yet fine enough for our purpose, 
and it passes on to be ground. This is done in a 
mill exactly similar to the roller form of flour 
mill. Between the upper and nether millstones 
the cork is ground to a fine powder. As it passes 
through the stones the cork is carried up by a 
screw elevator to a sieve, through which that 
which has been properly ground drops into bags 
while the residue goes back to bo ground over 
again. The sacks which receive the ground 
cork are designed to contain exactly 56 lb. 
When full they are taken away to the store, and 
the cork allowed to diy for a day or tw'o. 

Linseed Oil. This is the most important 
constituent of 
linoleum. As 
a rule, new 
oil is allowed 
to stand in 
the tanks and 
the impuri- 
ties settle at 
the bottom. 

Boiling. 

The best and 
newest me- 
thod of oil 
boiling is with 
jacketed 
pans. The 
pan is of 
copper, circu- 
lar in shape, 
and 8 u r - 
rounded with 
an iron steam- 
jacket up to 
about half 
its depth. 

Both pan and jacket must be able to withstand 
a pressure of from 36 lb. to 40 lb. per sq. m. 
In the dome of the pan i« a funnel which carries 
away the vapours of the oil. Within the dome 
a couple of fans rotate, their wings intersecting 
each other. A pipe in the lower half of the pan 
is fitted to admit the air-blast. In the feed tank 
the oil has been heated by a waste pipe from the 
steam jacket, and runs into the pan at a tem- 
perature of about 95° F. When the steam 
pressure has reached 32 lb. per sq. in., the driers 
and the air-blast should bo lot in. Driers vary, 
but about 2 per cent, weight of litharge is about 
the average amount. Keeping a regular pres- 
sure of about 32 lb. for four hours, wo allow the 
heat to go down. When cool the oil is pumped 
into the settling tanks. 

First Process of Oxidising. After that 
part of the drier not absorbed by the oil 
has settled, the oil is pumped up into tanks 
on the top floor of the oxidising shed, which 
is usually placed by itself, and is no higher 
than is needed for the work. Besides the main 
tank in the top floor we have little running 


troughs, with a curious tilt, which makes them 
give off the oil when it reaches a certain level. 
These oil distributors run to and fro along the 
length of the building. Underneath, and stretch- 
ing up to the rails of the upper floor from the floor 
beneath, are long webs of thin cotton, called scrim. 
Supported by frames at the top and bottom, these 
webs receive the oil as it trickles down. Once 
every twenty- four hours, or oftener in hot 
weather, the scrim is flooded with oil during a 
period of from seventy to ninety da37^8. As each 
layer of oil runs upon the scrim, it is held and 
solidified. Layer upon layer is piled up in this 
way till about the thickness of an inch has been 
obtained, and then the scrim is cut down, afford- 
ing, perhaps, a skin about 25 ft. long by 6 ft. 
broad. 

Rapid Process of Oxidising. Twelve 
to fourteen weeks is a long time to wait on a 

m a n u f ac - 
tunng pro- 
cess, and lino- 
leum manu- 
facturers 
naturally 
sought to re- 
duce the time 
occupied in 
oxidising. We 
can hardly 
pause to de- 
tail all theex- 
per ime nta 
which were 
tried, for they 
were many 
but the pro- 
cess we are 
to study is 
geneially ad- 
mi 1 1 e d to 
have been 
succes'sf u I. 
The jacketed 
pan is once more resorted to ; but this time with 
additions. Within the pan are revolving arms that 
lift up the oil ; at the same time a strong blast of 
air is blovm through the pan, acting vigorously 
on the heated oil. Up to a certain degree, the 
steam heat is slowly increased, and then, as the 
oxidising process sets in, the heat is diminished, 
and the jacket even cooled, by the introduction 
of water. This process does not give such good 
results as the older method, though a solidified 
oil is produced by it in twenty-four hours. 

Grinding and Mixing. Whether oxidised 
by the old method or the now, the oil, now a 
solid mass, is ground between rollers into a 
form resembling damp earth, and let cool by 
spreading on a stone floor. This materiel is 
put into a jacketed pan, along with resin and 
kauri gum, in the proportion of 3.J cwt. ground oil 
to 1 cwt. resin and 1 cwt. kauri gum. Withih the 
pan is a set of vertical stirrers capable of btung 
driven at considerable speed. When the steam 
has been put on, the resin is laid in and melti'd, 
then the oil and kauri gum are added in small 
quantities alternately. After the who^e ot the 
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W. S. MURPHY 


TN our survey of the various branches of the 
* textile industry we have glanced over the 
history and processes of floorcloth and linoleum 
manufacture. Necessarily brief, the summary of 
facts most pertinent to our subject given on 
pages 1026-27 is quite sufficient as an intro- 
duction to our subject. Dealing now with the 
practical work, we take up the making of floor- 
cloth which is the oldest, simplest, and cheapest 
of textile floor coverings. 

Sizings In one sense, the making of floor- 
cloth is a finishing process — the covering of a 
woven canvas with a certain amount of oil paint. 
The jute canvas which forms the basis of floor- 
cloth is rough and open in texture, and to save 
paint, as well as to afford the pigment a firm 
grip on the fi'^re, we coat the canvas over with 
a thin size. Furafc the canvas is nailed at full 
stretch upon large wooden frames provided with 
screws to regulate the tension in a chamber or 
stove fitted up with steam heating pipes. Between 
each frame is a scaffolding upon which the worker 
ascends to work on the high parts of the canvas. 
The size is laid on with a brush, the object being 
to make the cloth as smooth as possible, filling 
the grain of the rough texture. Vi^en fairly drj", 
but not hard, the surface should be rubbed over 
with pumicestone and made smooth. 

Coating* Before proceeding to lay on the 
paint we should go over the canvas with the 
shears, cutting away all the loose fibres and flying 
threads. The canvas is then ready to receive 
its first coat of paint on each side. The paint 
IS not the pigment used for coating wood, or 
other plane surfaces ; it is very thick, generally 
composed of yellow ochre or red oxide of iron, 
made into a thick paste with drying oil. Lifted 
on lon^ steel trowels, such as plasterers use, the 
pigment is laid smoothly on both sides of the 
sized canvas. A second coat, as soon as the first 
has dried, is laid on the side to be made the back, 
while the surface of the other side is smoothed 
with an application of pumicestone. A second 
coat is then applied, and after it has dried, the 
rubbing with pumicestone is repeated. The 
number of times this is done depends wholly on 
the quality or thickness of floorcloth desired. 
After each coating the heating steam is turned 
on and the doors of the stove shut down. 
Before appljdng the surface coat, it should be 
made certain that all the under coats have 
thoroughly settled and hardened. Because the 
surface is to be smooth, the last coat is put on 
with the brush. The paint is usually of a higher 
qualify than that used for the fonner eoate. 

The system of coating described is that 
employed for high-grade, hand-made floorcloths. 
The lower grade article more in demand in these 
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days of cheapness is all coated by machine. 
The roQs of canvas, usually 2 yd. or 4 yd. wkie 
(in the hand-made series we have the advantage 
of getting goods as wide as 8 yd., thus avoiding 
cutting and joining in laying krge apartments), 
are passed through a coating machine fitted 
with colour trough and steel knife, or doctor, 
iriiioh regulates the thickxiess of the coating, 
much thi^er, of coarse, than in the case of 
hand-made goods. The finishing process of 
varnishing is also done on a special brushing 
machine. 

Finlaliittg. If the floorcloth is destined 
for the market in a plain state, it is varnished, 
seasoned in the dryiag-room heated up to a 
tem^ieratuTe from 110° F. to 130^ F. Hardened 
sufficiently, the cloth is trimmed, and wound on 
to rollers for the warehouse. But if a pattern 
is to be printed on it the cloth passes unvarnished 
through another operatkm, in which it is treated 
in a way similar to the linc^eum. We shall 
observe both being printed in due course. 

Lincrlettm. Though accepted as a hygienic 
floor-covering, floorcloth was objected to because 
of its hardn^, coldness, lack of elasticity and 
deadening property. In order to meet these objer • 
tions tho^ engaged in the floorcloth business, 
and others, sought to make another substance, 
\»hich, possessing all the properties which made 
floorcloth valuable, would have fewer defects. 
Linoleum is the most popular result of these 
efforts. Like the older fabric, linoleum has for 
its skeleton a layer of jute canvas. The vegetable 
fibre, however, plays a very small part in the 
construction of linoleum. Four other kinds of 
materials make up the bulk of this heavy fabric — 
linseed oil, cork, kauri gum, and pigments. The 
linoleum manufacturer has to prepare those 
materials for his purpose. 

Corll. The chief sources of the cork supply 
of Europe are Spain, Portugal, and Algeria ; 
but, it must be admitted, linoleum manufac- 
turers depend mostly on the cork-cutters for 
the supply of their needs. Refuse from the 
great cork-cutting factories is collected and sold 
to the linoleum trade. 

Cork-grinder. To cut cork is rather 
difficult. It is very tough and elastic. After 
haring been sieved, and thus separated from the 
rubbish too plentifolly mixed with it, the cork 
Is taken to the grinder [281]. Bolted firmly to a 
driven shaft in the middle of the breaker we 
find a series of heavy circular saws, one large and 
one small alternating. Opposed to these ore 
bars of steel, with toothed ends, grooved con- 
trary to the teeth of the saws, and alternating 
long and short to suit the large and small 
diameters of their opposites. From a hopper 
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on the head of the machine, the cork comes down 
in between the teeth of saws and bars, which 
speedily reduce it to mingled dust and little 
pieces. 

Milling and Mixing. Though fairly broken 
the cork is not yet fine enough for our purpose, 
and it passes on to be ground. This is done in a 
mill exactly similar to the roller form of flour 
mill. Between the upper and nether millstones 
the cork is ground to a fine powder. As it passes 
through the stones the cork is carried up by a 
screw elevator to a sieve, through which that 
which has been properly ground dtops into bags 
while the residue goes back to be ground over 
again. The sacks which receive the ground 
cork are designed to contain exactly 56 lb. 
When full they are taken away to the store, and 
the cork allowed to dry for a day or two. 

Linseed Oil. This is the most important 
constituent of 
linoleum. As 
a rule, new 
oil is allowed 
to stand in 
the tanks and 
the impuri- 
ties settle at 
the bottom. 

Boiling. 

The best and 
newest me- 
thod of oil 
boiling is with 
jacketed 
pans. The 
pan is of 
copper, circu 
lar in shape, 
and 8 u r - 
rounded with 
an iron steam- 
jacket up to 
about half 
its depth. 

Both pan and jacket must be able to withstand 
a pressure of from 36 lb, to 40 lb. per sq. in. 
In the dome of the pan i« a funnel which carries 
away the vapours of the oil. Within the dome 
a couple of fans rotate, their wings intersecting 
each other. A pipe in the lower half of the pan 
is fitted to admit the air-blast. In the feed tank 
the oil has been heated by a waste pipe from the 
steam jacket, and runs into the pan at a tem- 
peiature of about 95° F. When the steam 
pressure has reached 32 lb. per sq. in., the driers 
and the air-blast should be let in. Driers vary, 
but about 2 per cent, weight of litharge is about 
the average amount. Keeping a regular pres- 
sure of about 32 lb. for four hours, we allow the 
heat to go down. When cool the oil is pumped 
into the settling tanks. 

First Process of Oxidising. After that 
part of the drier not absorbed by the oil 
has settled, the oil is pumped up into tanks 
on the top floor of the oxidising shed, which 
is usually placed by itself, and is no higher 
than is needed for the work. Besides the main 
tank in the top floor we have little running 


troughs, with a curious tilt, which makes them 
give off the oil when it reaches a certain level. 
These oil distributors run to and fro along the 
length of the building. Underneath, and stretch- 
ing up to the rails of the upper floor from the floor 
beneath, are long webs of thin cotton, called scrim. 
Supported by frames at the top and bottom, these 
webs receive the oil as it trickles down. Once 
every twenty- four hours, or oftener in hot 
weather, the scrim is flooded with oil during a 
period of from seventy to ninety days. As each 
layer of oil runs upon the scrim, it is held and 
solidified. Layer upon layer is piled up in this 
way till about the thickness of an inch has been 
obtained, and then the scrim is cut down, afford- 
ing, perhaps, a skin about 25 ft. long by G ft. 
broad. 

Rapid Process of Oxidising. Twelve 
to fourteen weeks is a long time to wait on a 

m a n u f ac - 
turing pro- 
cess, and lino- 
leum manu- 
facturers 
naturally 
sought to re- 
duce the time 
occupied in 
oxidising. Wo 
can hardly 
pause to de- 
tail all theex- 
perimenta 
which were 
tried, for they 
were many 
but the pro- 
cess we are 
to study is 
genf'rally ad- 
mi 1 1 e d to 
have been 
succossf u 1. 
The jacketed 
pan is once more resorted to ; but this time -with 
additions. Within the pan are revolving arms that 
lift up the oil ; at the same time a strong blast of 
air is blown through the pan, acting vigorously 
on the heated oil. Up to a certain degrt'e, the 
steam heat is slowly increased, and then, as the 
oxidising process sets in, the heat is diminished, 
and the jacket even cooled, by the introduction 
of water. This process does not give such good 
results as the older method, though a solidified 
oil is produced by it in twenty- four hours. 

Grinding and Mixing. Whether oxidised 
by the old method or the now, the oil, now' a 
solid mass, is giound between rollers into a 
form resembling damp earth, and let cool by 
spreading on a stone floor. This material is 
put into a jacketed pan, along with resin and 
kauri gum, in the proportion of 3^ cwt. ground oil 
to 1 cwt. resin and 1 cwt. kauri gum. Withiti the 
pan is a set of vertical stirrers capable of being 
driven at considerable speed. When the steam 
has been put on, the resin is laid in and melted, 
then the oil and kauri gum are added in small 
quantities alternately. After the w^ho^e of the 
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MfToc fatt tB hare been put into the pan^ the ImI 
18 sereued down and the Btarrars kept going lor 
from two to four houra Baffioiently xmxed and 
healed^ the mixture is passed inroo^ ooid 
'grindiiig rollers into moulding pans, white- 
wndied inBide to keep ^e stall 
fitHn stickbig to them. These 
pans contain 46 lb. of cementt 
this being the quantity which is 
needed to mix with the 66*lb. 
bags of cork, 

First Mixing. Slif^Uy 
softened by beat* the cakes are 
cut up into pieces and fed into 
the mixing rdls. These are two 
steam -heated rollers fixed above 
a third which runs underneath. 

Into the hqpper above the rollers 
a sack of cc^ is poured, while a cako of cement 
is fed in between the rollers. Thus roughly 
mixed the cork and cement pass on elevators 
into the next machine. 

Second Mixing and Addition of 
Colour. Ihis mixing machine is a horizontal 
drum, hung on a spindle equipped with beater 
arms. On the head of the drum a hopper sits, 
and into thif the mixed cork and cement and 
the required amount of colouring matter are 
placed. Given a thousand revohi^ns or so, the 
drum is opened by a slide and the material slips 
down into the next machine. 

Third Mixing. With the exception that 
it is steam heated below, the principle of this 
machine is the same as that of the cork-eutter. 
On a horizontal spindle heavy knife-blades are 
strongly built, and from die sides of the 
machine come fixed blades, which insert ^m- 
selvcs between the revolving knives. From 
the hopper which communicates with the slide 
above mentioned, the mixture comes down 
among the revolving knives. When it emerges 
from this machine [232] the material bears a 
strong resemblance to German sausage, and 
hence the machine is named the sausage machine. 


Fourth Mixer. (Composed of two rollers, 
the upper one steam heated within and the lower 
one l^pt cool by a stream of water, this machine 
takes in the sausage, and converts it into thin 
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sheets, which ase token off the lower roller wilh 
a knife, named the doctor. 

Scnradclinr. Resembling the shove maelime 
in main structure, the soratoher has, instead 
of the dcx^tor knife, a land of rode carding 


232. LINOLEUM MIXER 

cylinder, which scratches the sheeted cement 
off the cold roller and converts it into the form 
of little pellets. 

Making Plain Linoleum. Though simple 
in construction the machine upon which linoleum 
is made exhibits high ingenuity. Under a 
hopper w© find an endless web of wire gauze, 
ma^ to run in the manner of a feed lattice 
towards a pair of large rollers, which are heated 
to a temperature of 250° F. Only one of these 
rollers is heated, the one coming in direct contact 
with the granulated linoleum. The one over which 
the canvas passes is not heated, but, of course, 
contracts a certain temperature from contact with 
the hot material and the heated roller in front. 
Prom a web behind those roUers comes the jute 
canvas which is to form the fabric of the linc^um. 
Poured through a hopper over the wire conveyor, 
the granulate linoleum descends, and meets 
the canvas in between the two steam -heated 
rollers [288], which are revolving set to the 
required distance apart from each other. By 
the heat and pressure of the rollers the canvas 
and linoleum are joined Passing on, the fabric 
comes into contact with two cold rollers, kept 
cool by a constant flow of water through them, 
and IS wound on t-o a 
beam at the end of the 
machine. 

The contact with the 
cold rollers has the effect 
of hardening and polish- 
ing the surface of the 
plain linc^eum. 

Backing, We have 
now made linoleum ; 
but it usually goes 
through vet another 
process. To render the 
back impervious to 
damp it is necessary to 
cover it with some sub- 
stance. A backing of 
strong size was at one 
time CO isidered suffi- 
cient ; but now the 
best classes of the cloth are treated in a 
machine with a strong mixture, which may be 
applied either by hand or machine. When the 
maclune is preferred the linoleum is brought 
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from the roller press and hung 
on to one end of the machine, 
which is equipped with back- 
ing trough and spreaders. As 
the linoleum passes through, it 
receives a coating of the mix- 
ture, evenly distributed, and is 
passed directly into a (hying 
stove opposite the machine. 

Seasoning. The seasoning 
stoves are rooms about 30 ft. 
from floor to ceiling, heated to 
a temperature of 110° F. to 
130° P., and filled with ranges 
of hanging battens, upon which 
the cloths are all suspended in 
bights or loops. 

The batten frames mostly 
used are like hurdles, with 
battens slightly convex in shape. 
Another form now adopted is a 
horizontal frame of iron, upon 
which the cloth is drawn along 
flat by means of ropes and 
windlasses. The latter form has 
lieen considered the superior 
for plain linoleums and for 
seasoning cheap printed lino- 
leums, as it is found to prevent 
the colours from running, Vjut 
it is not greatly favoured by 
manufacturers of the higher 
classes of cloths. The period 
of seasoning depends wholly on 
the quality and thickness of the 
fabric. 

Priki^ing Linoleums. The 

printing of floorcloths and lino- 
leums differs in many details 
from the printing of other fabrics. 
The pigment must be laid thickry 
on the surfaces of the cloths 
with which we are dealing, 
whereas the pigment should not 
be seen on common textiles. 
This calls for considerable 
differences in both blocks and 
methods of printing. 

Blocks. Built up of pieces 
of heavy pine and faced with 
pear wood, the blocks are either 
cut out in relief, or studded 
with copper plates the shape of 
tiie pattern. After the shape of 
the pattern has been cut on the 
block, it must be lined to take on 
a large supply of pigment. If 
a thick surface is desired, the 
centre of each part of the pattern 
IS hollowed, so as to carry a tliick 
layer of paint. For vari-coloured 
patterns as many blocks as there 
are colours must be made in 
addition to the outline and 
“smash” block. Tlie blocks for 
hand printing should be made 
of a size which can l)e easily 
handled. 



Ha*nd Printing. The 

linoleum printer uses a kind of 
die press resembling a primitive 
printing machine. Strong wooden 
framing holds the printing table 
and the pressing appliances. 
From a block of wood held 
firmly between the supporting 
standards, the rod which is 
headed by the spring press blocks 
comes down. At the head of the 
rod is the screw ; on the foot of 
the rod is the handle, and l)elow 
IS the pressing block. By a turn 
of the handle the screw' is brought 
round and the block is pressed 
down. Beside the printing table 
the roll of linoleum to be printed 
is hung, and it is drawn across 
to the required pOKsition. The 
block has lieen charged with 
colour, and it is laid under the 
press. The printer gives the 
handle a turn, and down comes 
the heavy head on the back of 
the block, firmly impressing the 
])attern on to the surface ot the 
tabric. By means of gauges in 
the press the printer is enabled 
to place his blocks in position 
with exact accuracy. First tlu* 
different colours are imprinted, 
then the smash block is put in 
to give a level surface and oven 
distribution of pigment ; last, th(‘ 
outline block gives clearness ot 
outline to the whole. 

Machine Printing. Being 
such a heavy fabric, linoleum 
cannot be printed satisfactorily 
on a cylinder machine, though 
some attempts have been made ; 
but theie was nothing to hinder 
an ingenious inventoi from mak- 
ing the hand press mechanical, 
and this has been done [234]. 
Over a long bod, supported on 
strong fmming, the blocks are 
poised on Shafts headed by earn 
wheels driven by pulleys from 
the engine. Just above the l>ed, 
the colour pads move to and 
fro, coming forward to paint the 
blocks as they descend, and re- 
treating in time to let them p<iss 
on to the cloth Indow . Actuated 
by proper mechanism, and gauged 
by ])unchcR. the (‘loth comes over 
the bed and stops at the right 
moment under cac’h block. The 
fi’aming and blocks are ooimter- 
]ioi8ed by heavy w'eighls. Con- 
structed on principles so simple, 
it is obvious that this machine 
may l>e extend('d to any length 
and take in any niimlier ot 
colours. By the action of the 
cams the blocks are driven down 
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on the cokMir pads toA then on the cloth, form of the pattean are laid over the canvas, 

the balance be^ regained by the counter Granulated Imoleom of the different coioim 

w^hte. is poured over the openings and pressed in with 

Inlaid Linoleums. For the present we a seraper. When a sufficient thioaness has been 
do not pursue the printed fabrios to the finishing laid in, the stencils are removed, and the cloth is 
rooms, because processes of more importance passed into the press. The heat and pressure 
claim attention, linoleum is by nature a hard join the whole together. 

substance ; patterns printed on its surface •• Grid.*' Within a frame or grid, the 

cannot enter into the body of the material ; mnulated linoleum is placed. With plunger 

therefore the printing rapi<fly wears away, and dies the divisions of the pattern are formed, 

gives sound cloth the appearance of being worn. When the grid is lifted, only those parts which 

A remedy for this defect early claimed the close have been moulded 1 ^ the dies remain in 

attention of linoleum makers, and various position. The lines thus left open must be filled 

expedients were adopted. Reflecting on the up, and this is dcme by another appliance. Iron 

course of operations, one can see that a variation plates the shapes of the out pattems are fixed on 

of colour might be obtained in the substance a wire netting, with the outline spaces between, 

of the fabric if the product of different scratchers The netting is placed upon the moulded patterns, 

producing different colours were taken. Those and granulate linoleum, driven through the 

little pellets have no shape and may be placed netting, fills up the outlines. The whole is con- 

80 as to make up the body of the fabric with firmed by heat and pressure, 

linoleums of different colours. Obvious as the Sheet Inlaid. Granulated linoleum fails 

idea seems, it is not easy of execution. to produce the solid effects desired for many 

Mr. Walton caught the notion and tried to pattems. To retain the artistic freedom which 
work it out ; but the best he could achieve at the process gives, and at the same time to obtain 
first was the production of a kind of granite a solid pattern, has been the aim of inventors, 

inlaid linoleum. Mixing pellets of different Mr. Walton and his coadjutors kept to the idea 

colours, and putting them through the press, of forming the pattems from the rolled sheet, 

he secured, naturally, a fabric of varied colour, and advanced along that line by tentative steps, 

but without pattern. The idea proved of value. The first advance was simply an improvement of 

though the stubborn character of the material the partitioned frame we have already seen. A 

gave more trouble in the working out than cylinder with knives was substituted for the frame, 

anyone might expect. the knives being dies to cut out the shapes of 

Black and While. The first successful the pattems. Within the cylinder revolved a 
attempt to make a patterned inlaid linoleum was concentric roller, which, by its motion, ejected 
in the production of black and white stripes and the cut patterns from the surface of the roller, 

squares. Stripes of linoleum, black and white. The parts thus formed were pressed on to the 

were formed in a partitioned frame placed in the canvas on a roller press. • 

position of the wire gauze lattice on the rolling Combined Styles. The latest develoi»> 
machine, and thence run on to canvas in the ments of the linoleum trade have taken the form 
usual way. The results were good, and diffe- which may be described as a combination of 
rent colours were experimented with ; but the styles. By adopting the thin under-layer of 
character of the pattern could hardly be de- linoleum we obtain the soft effect of the velvet 
scribed as artistic. For staircases and narrow pile. By putting the stencils on cylinders, and 

passages this form of inlaid linoleum suited working them on the rotary principle, we can 

very well ; but for larger spaces it was quite use the granulated material and get a flat effect, 
imsuitable. By reducing the size of the rolled materials to 

Methods of Inlaying. Messrs. Godfrey, sizes approximating to the size of the granules. 
Leake, & Lucas invented two methods of the carpet effects desired in high-class linoleums 
forming inlaid linoleum, one being called the are obtained. 

eiencil method, and the other the grid. In The inlaid linoleums are finished in the same 
the first method a thin layer of linoleum is way as floorcloths. Seasoned for the propei 
first pressed on the canvas, and the fabric period in the seasoning stove, the fabric is rolled 
brought round again on to a table. Stencils the on beams suitable for the use of the merchant. 

CofUirmed 
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Coal and Wood Fuel. Gas and Oil as Fuel. The Power Value of 2 

Solar and Terrestrial Heat. Tidal Power. Zinc as a Power Producer coi.tii.ued riom 


By F. L. 

far the most common source of power is fuel 
of one kinder another, most frequently coal, 
which is used for producing steam in a boiler and 
thus driving steam engines. Under favourable 
conditions power can he generated in this way as 
cheaply as from water power. Coal can also be 
used in gas producers, the gas being supplied to gas 
engines, which in recent years have rivalled steam 
engines in point of size, and, in conjunction 
with the producing plant, have beaten steam in 
economy of consumption of coal. Unfortunately 
the cost of gas-power plant, at any rate in the 
larger sizes, is greater than that of steam plant of 
equal power, while its reliability is less. 

In countries where wood is plentiful and coal 
scarce, the former is used as fuel for raising 
steam, the boilers being provided with specially 
large furnaces for the purpose. Other com- 
bustible vegetable products, such as bagasse 
(crushed sugar cane from which the syrup has 
iTeen extracted), are also used as fuel, and in 
recent years the household and trade refuse of 
cities has been utilised for power production, 
being first thoroughly cremated at a temperature 
of 2,000^’ F. in “ destructors ” in order to destroy 
all organic and noxious substances, and the hot 
gases being afterwards passed through steam 
boilers. [8ee page 5021).] 

Gas and Oil as Fuel. ^In many districts 
combustible gas is derived from deep bore-holes 
driven into the crust of the earth, and this can 
be utilised for raising steam in boilers, or to much 
lietter advantage by direct combustion in gas 
engines. Mineral oils are also obtained in the 
same way, and are a valuable source of power, 
the oil being con veniently transported and readily 
utilised in internal combustion engines very 
similar to gas engines. As a rule, the oil is either 
sprayed into the cylinder of the engine, or is first 
gasified and used as gas. Some engines are 
adapted for the use of crude or unrefined oil ; 
others for petroleum spirit or “ petrol,” and the 
latter are of the type which has come so widely 
into use for the propulsion of vehicles, launches, 
etc., of late years. The Diesel engine uses crude 
oil, not exploded, but burnt in the cylinder in 
conjunction with a jet of air compressed to a 
pressure of 800 lb. per sq. in. ; the oil consump- 
tion amounts to about 0*4 lb. (crude petroleum) 
per horse-power hour, and the cost inclusive of 
annual charges on capital to 0*32d. per horse- 
power hour in an engine of 160-horse power, a 
very low figure. Oil has also been used for 
raising steam in boilers, and presents some 
advantages for this purpose, owing to its small 
bulk and weight ; but if it w’ere generally used 
in this way its cost would undoubtedly rise 
considerably on account of the limited supply. 
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RAWSON 

The foregoing sources of power include practi- 
cally all the agencies generally in use for power 
production, but there are several others which, 
though not as yet availed of to any material 
extent, are nevertheless within the range of 
practical availability, and which in the future 
may be utilised to an extent at present un- 
dreamed of. Water power and w ind power will 
endure for ever ; but coal, gas, and oil, it is 
believed, will sooner or later be exhausted, or be 
so difficult of access as to become too costly for 
use in industry. Then it will be necessary to 
turn to account those vast and inexhaustible 
sources of energy represented by the heat of 
the sun and of the deeper regions of the 
earth, the tides, the weaves of the sea, and 
even the power that there is in the ether. 
These at present can bo utilised only at pro- 
hibitive cost. 

The Heat of the Sun. It is estimated 
that the temperature of the sun’s surface is no less 
than 10,000° C., a temperature of which we can 
form no adequate conception, the highest tempera- 
ture with which w^e are acquainted — that of the 
electric arc— being only 3,500° C. Of the total 
amount of heat radiated from the sun, only a 
minute fraction reaches the earth, and much 
of this is arrested in its passage through the 
atmosphere. Observations show' that the aver- 
age amoiuit of heat received from the sun per 
square foot of the earth’s surface per annum would 
suffice to raise more than tw^o tons of water from 
the freezing to the boiling point ; obviously, 
however, the bulk of this is received in the 
equatorial regions, and it is only in places w'here 
the sun is nearly overhead, and shines almost 
uninterruptedly during the daylight hours, that 
there is much chance ot utilising its rays. 
Assuming thesev'conclitions fulfilled, and that the 
heat received per square foot is double the 
average for the whole earth, a rough calculation 
shows that to produce 1,000-horsc power during, 
say, eight hours a day, the heat received over an 
area of no less than 200,000 sq. ft. must be 
collected. This can be accomplished only by 
means of large mirror'll, the cost of which would 
be enormous. Successful results have been ob- 
tained on a small scale in America. 

As regards UTrest rial heat, it is well known that 
the temperature increases with the depth beneath 
the surface of the earth, being about boiling point 
at 3,000 yards. It is conceivable that the huge 
store of terrestrial heat could be tapped, but the 
cost and the difficulties would be enormous. The 
subject was very fully discussed by the Hon. 
C. A. Parsons in a paper read before the British 
Association in 1904. The matter is, however, 
at present beyond the range of practicability, 
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The Power of the Tides. Turning to tidal buojs anchored on dangerous shoals, etc., the 
power, on the other hand, find a vast and never- rising and falling of the buoy actuating an air 
failing fund of energy upon which to draw. There compressor within it. 

is, indeed, no doubt that the problem could be Swondary Sources of Power. The 
solved at a cost not unduly inflated, though sources of power mentioned above include 
present conditions do not favour the execution practically all which can be called natural 
of the extensive A^ orks which would be necessary sources. Various secondary sources are in use, 
in the first instance. The tides are due to the of which we may select two as being of special 
combined gravitational attraction of the son and interest — ^namely, alcohol and zinc. The former 
moon — sometimes assisting, sometimes opposing, is obtained in great quantities by the distillation 
one another upon the waters of the sea — and of the products of fermentation of vegetable or 
the rotaticmal motion of the earth, and vary in other organic substances, especially potatoes, 
range according to the locality under considera- which are grown largelv for this purpose on the 
tion. Thus, in the Bristol Channel the mean Continent. The manufacture of alcohol requires 
range reaches 30 ft., whereas at Wexford, not the use of heat, but as this may be obtained-^t 
far away, the range is less than ft. The fudda- any rate, in theory — ^from a portion of the alcohol 
mental difficulty in utilising the power of the pr^uoed, we may fairly regard the latter as a 
tides lies in obtaining a sufficiently high and secondaiy natural source of power. The utilisa- 
constant fall of water. On the average, only tion of alcohol is effected more efficiently in 
half the rise and fall of the tide can be utilised, engines of the internal combusticm type, such, 
and that only by the aid of separate high and as those used with petrol, than in any other way, 
low water reservoirs, the water being taken and attempts are being made to extend the use 
either from the outer side or from the high-water of alcohol for driving such engines in order to 
reservoirs, and allowed to flow through turbines further the agricultural industries on the 
into either the sea or the low-water reservoirs, Continent. Alcohol is inferior to petrol for this 
according to the state of the tide, so as to give purpose, but not so much as to put it out of 
the greatest possible head. Even then, the head court, and it may eventually be widely adopted, 
would necessarily fluctuate between one tide Zinc aa a Power Producer. Zinc 
and the next ; moreover, the maximum regular introduces us to a new mode of utilisation — 
output that could bo depended upon would be namely, that of chemical combination (equiva- 
that obtainable at neap tide. Much greater lent to combustion) without the evolution of 
power could be developed during the spring heat. This process may be carried out so as to 

tides, but it is the steady output that is of produce combustible gases, particularly hydro- 

importance in industry. If an efficient and not gen ; the only use of this gas, however, as a 

too costly means of storing energy were in power -producing agent, is in filling balloons, 

existence, this difficulty could be overcome, and thus enabling them, by virtue of the low 

The Great Poasibilities of Tidal density of the gas, to rise in the air, lifting a 
Power. Nevertheless, in spite of the drawbacks considerable weight. But the use which we have 
pointed out, there are great possibilities in tidal more particularly in mind is tliat of generating 
power; it has been estimate that a constant electricity in voltaic batteries. It cannot be 
output of 6,800 electrical horse-power could be denied that zinc is an exceedingly expensivt^ 
obtained, for example, from Chichester Harbour fuel. Like alcohol, it requires the expenditure 
by damming up the entrance and dividing the of a large quantity of heat for its preparation 
large basin thus formed into two parts ; again, from natural sources, and in this case the heat 
there is a powerful tidal flow through the Menai expended is far greater than the energy contained 
Straits, and by damming the latter at both ends in the zinc produced. Thus, if economical 
and in the middle no leas than 13,600-hor8e power production were in question, it would be 
power would, it has been said, become available. preferable to utilise the heat for this purpose at 
But the most fruitful project of all would be that once, instead of first producing zinc, 
of damming the waters of the Severn in the But the convenience gained by using zinc to 
Bristol Channel, rendering the enormous amount generate electrical currents far outweighs the con- 
of 240,000 electrical horse power available. The sideration of cost, and as no other metal meets the 
cost of the hydraulic works would of course be requirements of the case to anything like the same 
very heavy, but the sale of the power developed extent practically all primary batteries, such as 
would suffice to cover the interest and other those used for ringing bells, operating telephones 
charges upon the investment. The foregoing are and telegraphs on a small scale, and performing 
not the only places round our coasts, to say many other useful functions, depend upon zinc 
nothing of those in foreign countries, where the for their activity. These functions too require 

tidal flow could be conveniently entrapped and but little power for their performance, so 

utilised. But such projects must be looked upon that, although the power has really to be 
only as resources in reserve. paid for at a relatively high price, its cost is 

Apart from the regular motions of the tides, negligible, as a rule, in comparison with other 
it is possible to make use of the less regular items of expense associated therewith. Many 
motion of the waves of the sea, but not <m a attempts have been made to use primary 
scale sufficiently great to be of use for industrial batteries for electric lighting and power, but 

nurpos^. This source of power has, in fact, they have proved commercial failures, though 

oeen utilised for the purpose of blowing sirens on sometimes successful technically. 

CofUinued 
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Ex. 3 



Ex. 4 . Slurred. 



In other words, we have some six octaves, rising 
from At?, third ledger line below bass staff, to 
E!?, thiid ledger line above treble staff. A 
complete band, therefore, confined to instru- 
ments of this style can easily be constituted. 
The student who begins with a high sarruso- 
phone and takes to a lower one later on is not 
confused by either the tenor or the bass clef, 
the music for all sarrusophones being written 
in the treble clef. Thus, it is possible to render 
ten distinct parts with sarrusophones through- 
out. Owing to the facility of utterance, and 
the reedy, organ-like quality of tone of such 
instruments, a body of serious young musicians 
might well study together a number of con- 
trapuntal pieces by Bach, Handel, or Mozart. 

SAXHORNS 

The saxhorn family is composed of six 
or more instruments of different sizes, two 
of the models — namely, the soprano in F, 
E!?, or D, mid the alto, or contralto, in C 
or Bt? — being held horizontally. The others 
are held vertically, and include the tenor 
in F or El7, also known as the althom ; the 
baritone in C or Bt? ; the larger baritone, 
called euphonium, in C or B[? ; the bass, or 
bombardon, in F or Bt? ; and, finally, the 
large contrabass in B 1? , which plays the lowest 
part. The illustrations on the next page show 
their general appearance, although details of 
mechanism vary in different makes. 

In all these instruments there are usually 
three valves and pistons. Moreover, whether 
for treble or bass, music for saxhorn bands is 
usually printed uniformly in the treble clef. 
So the beginner, unlike the trombone player. 
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has not the trouble of learning the tenor and 
bass clefs as well. But perhaps the greatest 
convenience in teaching such a band is that, the 
fingering of each instrument is almost identical. 

Proportions of Different Models. 
In the formation of purely saxhorn bands, 
their numerical relations are made up so as to 
get a fair balance of tone. If we take a band of 
twenty-two performers, one soprano in E t? 
will suffice. No matter how big the band, the 
penetrating tone of this instrument does not 
need to be doubled. But the main melody 
parts will be taken by three first sopranos in 
D^, these being supported by two seconds in 
the same key. The soprano is the smallest 
saxhorn, and, although played horizontally, 
the coiling of its tubing differs from the comet. 
Next there will be two altos, or contraltos, 
called also flugelhoms. Then we come to the 
vertical models with the bell pomting upwards. 
There will probably be four of the smallest 
model, called the tenor, or althom, in E !?. 

The richness of tone will then be increased by 
two baritones in Bt?, a somewhat larger type 
of instmment. These, again, will be supported 
by the euphonium, or baritone, with extra 
large bore, in Bt?. Then there will be two 
basses in E(?, one bombardon in B^, and one 
contrabass in B!?, playing an octave lower. 

Compass. The compass of the smallest 
instmment is two and a half octaves, from F^, 
third ledger line below treble staff, to C, second 
ledger line above it. The Dl? model goes a tone 
deeper, although this note, if used, should be 
indicated in the music as C, below five ledger 
lines, that being the lowest note possible. The 
flugelhom in B^, with its three pistons down, 
gives actually E, third space bass clef, although 
this is indicated as Fjjt, third ledger line below 
staff. The tenor in E b has a compass from A 
second space bass clef, written in the music as 
Fft. third ledger line below treble clef. The 
bairitone in B b goes down to E, first ledger line 
below bass staff, written F^, three ledger lines 
below treble staff. 

The euphonium in Bt? descends actually to 
Bb, second ledger line below bass clef, and 
ascends to three octaves above. The bombardon 
in ElJ' goes down to E7 below fourth ledger line, 
bass clef. Reckoning by the length of organ 
pipes, it will thus be seen that, to get the notes 
named, the length of tubing in the different 
models ranges from a little over 3 ft. to nearly 
16 ft. in length, and when the contrabass, giving 
still deeper tones, is considered, further coiling 
of tubing is necessary. 

Position. The soprano, alto, or flugelhoms 
must be held horizontally, whilst the vertical 



models, especially the largest patterns, are canted 
somewhat to the right for the convenience of the 
player. Orasp the instrament firmly with the 
left hand ; the right hand must be kept free 
for the use of the pistons. Sometimos the little 
finger is placed in the hook provided to keep the 
sa^om vtesdj ; but this is not recommend^ bv 
aU teachers. Holding the instrument firmly witn 
the left hand, place the first, second, and third 
fingers respectively a quarter of an inch above 
the buttons of the three pistons. Rest the 
thumb under the main tube between the first 
and second valves. The action of the right 
fingers must be from the knuckle-joint only. 
Avoid curving them, but let the fingers move 
flexibly, quickly, and firmly. 

Without blowing, try the following finger exer- 
cise, beginning at metronome time M.M — 12(), 
and working up to 208, thus — 1 2 3, 3 2 1, 2 1 3, 
2 3 1, 1 and 2, 2 and 3, 1 and 3, 1 2 and 3. 
These are the chief depressions and liftings 
necessary, and should be done cleanly, without 
pausing or Imrryii^. By such movements the 
fingers and lips of a fairly accomplished eu[>ho- 
nium player can control 
every interval in the com- 
pass of five octaves, oven 
when mounted in the 
saddle. 

As in a pianofoite 
string for the high notes 
the metal is shorter, 
thinner, and lighter, 
and for the low bass 
strings, where im- 
mense length is 
impossible, this is 
compensated for by 
extra weight ; so, 
whilst the smallest 
saxhornis very port - 
able, the big eon- 
1 rabom bardon, by 
having an increase 
of bore, is not so 
long in the tube 
as, scientifically, it 
ought to be. Never- 
theless, it needs 
strong man to play 
the monster effec- 
tively on parade, 
and when this is 
very grand. 

The Helicon. These deep-toned instru- 
ments arc sometimes made circular fashion, to 
throw the chief weight on to the left shoulder. The 
player then passes his head through the centre of 
the coil, and the bell advances over the left. This 
model is known as the Helicon. The shape is mar- 
tial, but it is doubtful whether the vibration is as 
free as in the upright model, so much surface being 
damped pressure on the shoulder of the player. 
The effect on the performer himself is no more 
deafening than it is when the foot of an organist 
depresses the lowest pedal notes in church. He, 
therefore, is not the b^t judge of the disturbance 
he occasions when he plays a wrong note. 


Bombardon (K flat) 

done, the deep notes 


Tenor (F flat and E flat) 
SAXHORNS 


ClaaalfkS the lastrumeat. If « 

pkton-buttem sticks, unscrew the cap, take out 
the pump, and clean it carefully with 6(^ silk. 
Unscrew the cap at the bottom of the valve and 
pass the silk through it. Resorew the valve- 
cap, and sprinkle a few drops of water— veiy 
fine paraffin will last l(mger~;an the pump 
before replacing it. This should now be found 
to work freely. If not, a new spring may be 
required. They cost about Is. Od. a dozen. For 
lubrication of the pUmps, never use ordinary oil. 
Many players polish carefully the outside ci an 
instrument and never attend to its inside. The 
result is that dirt, allowed to accumulate, deposits 
itself unequally at the bends. In course of time 
it perceptibly flattens and throws the instrument 
out of tune. Once a month a careful player, 
however, will drive a sponge, dipped in milk, 
through the tubing. Squeeze it into the end of 
the mouthpiece, then blow sharply. If the 
sponge sticks owing to dirt, a leaden bullet, or 
bullets, will soon force it through. An unclean 
brass instrument can easily become a bacterial 
incubator. To a performer who is careless in 
taking breath, a 
foul instrument is 
particularly danger- 
ous. It is a fallacy 
to believe that 
keeping one’s in- 
strument clean in- 
ternally will in any 
way upset its 
“l)earings” or 
intonation. 

Detac‘h the 
mouthpiece. 
This the begin - 
ner should 
carry in his pocket 
to practise upon 
whenever he is able. 
The first thing for 
a student to under- 
stand when he takes 
up any member of 
the saxhorn family 
i the correct 
manner and the 
principles of blow- 
ing. Unlike the 
recKi of a hautboy, 
the small end of a saxhorn is not put into the 
mouth. It is placed against the outside of 
the lips. Here, instead of l)eing beak-shaped, 
as in the clarionets, tlie mouthpiece is a small 
metal cup, ending with a short tube and faced 
by a flat margin. 

Although the biggest saxhorns naturally need 
a big cup, the manner of blowing is the same 
for the smallest as for the largest. The internal 
shape of this bowl has an immense influence over 
the quality of the tone produced, because the 
initial vibration of the instrument is generated 
within the mouthpiece. Even as the funnel- 
shaped cavity belonging to the French horn 
produces a peculiar softness of timbre, so a very 
shallow cup, as in a cavalry trumpet, will give 
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a hard, brassy effect. For general purposes, a cup 
of medium depth for each member of the family 
is best, as it is less tiring to play. If there is 
much Isrilliant staccato work in a solo, how- 
ever, the bandsman will often slip on a shallow- 
cupped mouthpiece. There being considerable 
difference in the lips of players, mouthpieces are 
sold in three sizes. A band of negroes, organised 
at Mafeking, nevertheless, required a special 
No. 4 size to fit abnormally large lips. A boy, 
on the other hand, who take-up a small saxhorn 
should choose No. 1 size, or he will find difficulty 
in articulation. To obviate delay in changing 
this part of the instrument, adjustable mouth- 
pieces can be purchased. By screwing in the rim 
the cup becomes shallower, and on screwing it 
out the bowl is deepened. Oval mouthpieces 
have been tried, but unless adjusted to the lips 
with great care they spoil the best peirformance. 
It is well to ha\^ one with a rim of silver, or, at 
any rate, electro- plated. According to the size 
of the instrument, silver mouthpieces cost from 
Ss, to 6s. ; electro-plated, the price is from 
Is. lOd. to 58. In brass, the cost is from lid. to 
28. 6d. ; but this metal, if not kept very clean, 
is poisonous. In cold weather, if the player’s 
lips are cracked, verdigris will cause ulceration, 
and sometimes serious trouble. 

Place the mouthpiece against the centre of 
the mouth. Two-thirds of the circumference 
of the rim should cover the upper lip, and the 
remaining third the lower lip. Hold the stem 
of the mouthpiece horizontally. The production 
of tone from any tubular instrument is the result 
of a series of minute explosions. These, being 
echoed or reflected within the air passage, are 
magnified according to its length, so that the 
longer the tubing the deeper will be the harmoiifts. 
It is important, therefore, in the first instance, 
to set the vibration going correctly. Inflate 
the lungs moderately. If too large or too small 
a breath is taken the tone cannot be produced 
and sustained with ease. At first the student 
will find that his lip-muscles lack power. By 
constant practice it is possible to develop them 
so that eventually he may be able to crack a 
Brazil nut by his lips without using the teeth. 

The Facial Muscles Exercised. 
Every brass instrument player employs, 
unconsciously, five sets of facial muscles, and 
it is well for him to appreciate that fact. First, 
his playing depends, to a great extent, on the 
responsiveness of the circular muscle which goes 
round the opening of the mouth like a broad 
elastic band, and is known as the sphincter. 
Secondly, he brings into play the elevator of the 
upper lip, which extends towards the eye. This 
raises the angle of the mouth and bulges out the 
cheek below the eye. Thirdly, he uses the de- 
pressors of the lower lips, which extend from 
the mouth downward over the chin, as well as 
the elevator of the lower lip. Fourthly, he 
exercises the small muscles which act on the 
comers of the mouth. Lastly, his playing de- 
pends, to a great extent, on the strength of the 
huccinatory or “ trumpeter’s muscle.” This lies 
inside the cheek, and occupies the interval 
between jaws, rising behind the wisdom 
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teeth and extending to each corner of the 
mouth. 

In expelling air from the mouth, as in blowing 
a saxhorn, the buccinator muscles must be 
contracted to prevent bulging of the cheeks. 
Therefore, without inflating the cheeks, press 
the mouthpiece gently upon the lips, force the 
breath through them, articulating the syllable 
“ doo.” This action causes a quick withdrawal 
of the tonguC-tip, so that the breath is expelled 
in a thin Guttering sheet, and produces, by the 
whirling vibration within the cup, a distinct 
tone. 

Tighten the lips still more. Press the mouth- 
piece harder and articulate the syllable “ toe.” 
This, with a little practice, will give an octave 
sound above the “ aoo ” made with the relaxed 
lip. The constant varying action of the muscles 
of the mouth, contractmg and expanding at the 
will of the player, is analogous to that which 
takes place in the vocal cords when singing. 
At the same time, it is assisted in a marvellous 
manner by the excretory ducts, at the root of 
the tongue inside the cheeks, giving forth the 
necessary lubrication for the muscles, so that the 
player is not unduly fatigued. 

What is called tonguing a note is done by 
articulating either of the syllables mentioned 
with extra emphasis. The stroke need not be 
hard or the tone will be harsh. 

The First Tone. The first tone to obtain 
is that which the instrument gives most easily 
without touching any of the pistons or buttons. 
This, in notation, is designated G, second line 
treble clef. Now, it should be understood that 
in saxhorn music, where the treble clef is used 
for all printed parts, exercises for one instrument 
can be performed with almost equal ease on any 
other. Thus, 0, written third space treble clef, 
when played on the E!? saxhorn, sounds auto- 
matically not C, but E ^ below, or a sixth lower 
than the notation. The same 0 on a Bl> 
baritone sounds B!? below, or a ninth lower than 
the written music. 

So, whatever key the instrument is known by, 
that key gives its root note when the C in the 
music is played. This simplifies matters for 
the beginner, although it complicates the task 
of the composer, since it is he, and not the 
performer, who does the work of transposition. 
But if the student wishes to check the first 
written note, G, by the piano, he must do 
the transposition for himself. Thus, in an F 
instrument the G must be checked by C on the 
piano ; in an E t? instrument the G will agree 
with B !? ; on a D instrument the G will be A ; 
on a B 17 saxhorn the G will be F ; and on a C 
instrument only will the G be G. To obtain 
the written G, then, close the lips naturally. 

Use very little pressure against the mouth- 
piece. Blow moderately, pronouncing mentally 
“ doo,” withdrawing the tongue quickly so as 
to sustain the breath and set the long column 
of air within the tubing into vibration. Although 
this first attempt may seem a serious operation, 
the student must not look solemn, for the correct 
appearance of his lips should be that of the 
comers of the mouth slightly drawn up, as in 



smiBng. Hemn&t, therefore, briag into play what 
is known as the ristorial, or laughter, musele, 
a narrow bundle of fibres running horizontaDy 
from the comer of the mouth to the angle of the 
lower jaw. 

Counting slowly, mentally, try Ex. 1. Haring 
played these ten bars softly, repeat them 
quicker, with more force, and then with different 
shades of tone — very soft, soft, modwately kmd, 
loud, and very loud. Practise next increasing 
the sound, or getting a crescendo in each bar. 
Afterwards begin as loudly as possible, and 
diminish the sound in each l»r. By such means 
the first note will be played with confidence and 
effect. 

Harmonic Tones. The saxhorn student 
will understand that, by the laws of acoustics, 
every tube of which the vibration is controlled 
Ex. 1. Slow. 



We now get the real open tones, no portion of 
the entire tubisg being closed. The result is low 
P| (or G?), C| (or Dl»). P# (or Gt»), Ai (or 
Bt>), 0| (or Dt>), and P# (or Gb). ^ By 
talmlating these notes, the student will be able 
to identify ^e fingering for any sound in the 
chromatfc scale, from the low G upwards to 
top C in semitones, by inserting, in ascending 
the scale, i^rpe between the r^ole notes and 
flats between the same in descending. The 
numerals 1, 2, 3 always indicate the pistons 
manipulated by the first, second, and third right 
fingers, and a zero is the sign used when no pistons 
are depressed. Thus we have the entire fingering 
for every usual size of saxhorn. 

The Key of C. Before attempting to play 
the entire scale, the student, except on the 
bombardon, must accustom himself to blowing 
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by lip pressure and force of the player’s breath 
gives forth a series of independent tones. In the 
saxhorn, whether small or large, when none of 
the valves are depressed, six so-called open 
notes are articulated, according to the slackness 
or tightness of the lips and pressure of blowing. 
These harmonics, which the student should write 
out in notation, are C, first ledger line below 
staff, G, Cf E, G, and C, ascending from the 
bottom note, together with their enharmonic 
equivalents B;^, Fx, Bft, Gx, Fx, and B#. 
With the first valve down, thereby opening a 
further length of tubing, the series becomes a 
tone lower, so that we have the Ex. 2. 
harmonics B!?, F, B!?, D, F, and 
Bl7, with their enharmonics as 
before. 

Releasing the first valve and 
putting down the second, the 
column of air is slightly 
shortened, with the result that 
the harmonics now are BJ, 

Pi Bt Djf, Pi and BJ;. 

^vith their chromatic synonyms. 

Depressing the third valve alone, the air- 
column is extended, and the series becomes 
A, second ledger line below treble clef, followed 
by E, A, CJJ, and A above, with their musical 
doubles. Tlie same results are obtained by 
releasing the third valve and putting down the 
first and second pistons together. If the second 
is raised, and the first and third valves are 
depressed, the harmonics given are low G, with 
the D, G, B, D, and G above, together with their 
nominal alternatives. Release the first piston 
and put down the second and third together. 
The result will be A|>, E^, Ab, Ctj, El7, a^ Al?, 
with the identical sounds mariced by sharps. 
Finally, open the maximum length, of the air- 
column by depressing all three pistons. 


the low notes. Get these slowly at first, until, by 
repeated practice, the lip gradually strengthens 
itself. In ascending a scale, the pressure of 
the mouthpiece must be gradually increaseii, 
and the lip, at the same time, more and more 
tightened. In descending the scale, on the 
contrary, the pressure of the mouthpiece must 
be gradually lessened, while the muscles of the 
lips relax themselves in like manner. Apart 
from the atta<^k of a note by the use of the 
syllable “ doo ” or “ tee,” with more or less 
emphasis, the sustaining of the sound by steady 
blowing to produce a satisfactory tone is of 


equal importance. This is only acquired by the 
slow practice of scales, especially, in most models, 
in the lower register. 

Breathing. Another matter for the student 
to note is the art of taking a fresh breath 
correctly. This must be done noiselessly, without 
perceptible movement of the body, and never, 
if avoidable, in the middle of a slurred phrase. 
Some players, with abnormal lung capacity, can 
keep the vibration going much longer than others. 
Such men are most useful for the big bass tubas. 
Yet, with exercise, even the narrow-chested 
student will be able to develop his skill in this 
respect. Inhaling, when taking a fresh breath, 
should be deme from the comers of the mouth 
or through the nostrils, and never from the 
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instrument itself. Endeavour to get the notes 
in Exercise 2, from the low C to the C above, in 
good tune. 

Descend the octave in the same way. Then 
construct exercises out of the scale. Play them 
in correct time, so as to accustom the fingers to 
depressing and releasing the pistons cleanly. 
Having articulated each note with a separate 
breath, bind them together in threes, so that only 
one tongue-stroke is applied for each group. 
Do not hurry over this. Take a fresh breath 
quietly before each triplet, without interfering 
vnth the time [Ex. 8]. 

There are endless ways in which, by trans- 
position, the scale of C major, and other scales, 
can be practised. Thus, link the first two notes 
together by articulating on the C and D the 
dissyllable “ too-ee.” Then sound the four 
notes above staccato, articulating “ tee ” for 
each one. In descending from the B to the A, 
link those notes by pronouncing mentally “ tee- 
oo.” Then let the tongue strike “ tee ” for the 
remaining notes, giving a long “ doo ” for the 
final C [Ex. 4.] 

Nuances. An eAsy key, after C, on the sax- 
horn is P major, with one flat, B. But what is 
known as light^md shade in music requires much 
practice. The student, therefore, cannot begin 
too early his exercises in what are known as 
nuances. Try to get distinctly the octave of 
sounds in the key of F, from the first space to 
tne F on the fifth line, making a crescendo, and 
then a decrescendo in one breath on each note, 
whilst counting mentally two very slow^ beats 
[Ex. 5]. 

When the scale of F has been mastered in this 
manner, ascending and descending, the student 
w'ill find no diflSculty in playing the “ National 
Anthem ” [Ex. 6]. 

Another key which brings out many beautiful 
qualities in the various members of the saxhorn 
family is Bi?. In the natural scale of C, the 
seventh degree is marked by B, which, in German, 
Ex. 4. 



is designated H, pronounced ** Ha,” following 
their A, spoken “ Ah.” This is equivalent to an 
Englishman calling the semitone above A “ Hay.” 
But this H in the German scale gave one of 
their greatest musicians an opportunity to 
compose a beautiful fugue on his own 
name, “Bach.” For this reason alone, the 
Germans are justified in keeping the letter H 
in their musical alphabet. So they have no 
Bb, our Bl? being known as their B. In the 
military band, Bt? is the key in which most 
of the clarionets, as well as the larger brass 
instruments, are pitched. Here we are treating, 
however, of music written in Bb rather than 
the actual notes that are played -by transposition. 
Incidentally, it will be well for the student now 
to acquaint himself with the abbreviations and 
rests used frequently by copyists of music parts 
in brass bands. 

Music Copying. Bandsmen frequently fill 
in their spare time by part-copying. The pay 
is twopence or threepence per folio, and when 
speed in penmanship has been- acquired, such 
work is not to be despised. In France, me.ny 
years ago, the great poet Rousseau kept the 
“ wolf from the door ” by such means, and his 
“ Musical Dictionary ” has a long article on 
the subject of music copying. The intelligent 
student, therefore, when his lips get tired in 
practising, may find profitable recreation in 
writing out the exercises for his instrument on 
music-paper, so that musical caligraphy may, 
by-and-by, come to him as readily as that ua^ 
for ordinary correspondence. To avoid the 
labour of writing the same notes or passages 
many times, a minim crossed by a single thick 
line represents four quavers, and a crotchet 
crossed by two lines equals four semiquavers, 
and so on ; whilst an oblique stroke with a dot 
on either side of it implies a repetition of the 
previous bar. In those saxhorns used chiefly for 
filling in harmonies rather than playing melody 
parts, the performer may expect to come across 
a couple of vertical strokes in a bar with, perhaps, 
the figure 6 over them, or a long horizontal 
stroke with a 10 above it. Such signs indicate 
that he must cease playing for as many bars as 
are specified by the numbers. 

Try the scale of B7 major, tonguing each note 
four times, and observing the abbreviated signs 
[Ex. 7]. Now link each note of the scale with 
the first B 17, so as to get distinctly the succes- 
sive intervals. Allusion has been made to the 
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mtiBcleff of the mouth whieh influence the pro- 
duction of the sound on the saxhorn ; but unless a 
careful appreciation of such sounds is cultivated 
by the nerves of the ear, although the force of the 
blowing may be correct, the pitch scsmded \ry the 
instrument will leave much to be desired. It is 
the ear of the player which must guide him to the 
relative distances of height and depth of the 
tones, so that the souncfe may be in good tune. 
After getting the first B-[? properly, slur the 
0 and D together with a “ tee-oo,” as already 
explained. 

A whole tone above the C comes the D. Link 
that with the Bt? by another mental “ tee-oo.” 
But the Et? is only half a tone higher than 
the I), because the first semitone in a major 
scale comes between the third and fourth degree, 
whilst the second semitone occurs between the 
seventh and eight, and the same m descending. 
In whatever major key the student is practising, 
the places of these half-notes must always be 
borne in mind [Ex. 8 ]. 

G Minor. The minor scale which has the 
sancie signature as Bt? major bemns a minor 
third lower than the B |7 just played. It is there- 
iore G minor. Try this scale through two 
octaves. Remember that, in the melodic minor 
form, the half-tones occur between the second 
and third and seventh and eighth degrees going 
up, and the sixth and fifth*and third and second 
coming down [Ex. 9.] 

To familiarise liis ^gers with correct piston 
manipulation, the student can construct many 
(‘xercises on this scale. Then, by varjnng then^ 
time, writing the same exercise out in three-four 
instead of four- four tempo, hie playing will be 
improved profitably. In an illustration we here 
give, one stroke of the tongue must suffice 
for every two notes Jinked together by a shir. 

In each case, slightly relax the lips fm* the second 
note. In violin playing all notes placed under a 


slur are performed with one bow ; likewise, on 
the saxhorn, all notes constituting a similar 
phrase should be articulated by one breath. 
Yet the student should be careful not to exag- 
gerate the glissando effect [Ex. Ifl]. 

Minor. Having essayed the relatis^e 
minor of Bt? major, try the key of Bl? minor in 
its melodic form. This, being the relative minor 
to Db major, has five flats, B, E, A, D, G. By 
this time the embouchCure of the student should 
be fairly under control — by embouchure is 
meant, not merely the mouthpiece of the sax- 
horn, but the condition of the lip-muscles and 
facility in blowing. Without difficulty he should 
be able, therefore, to obtain, by increased hp* 
pressure, the higher notes of the second octave. 
If they demand special exertiem it is better not 
to force them, but to confine practice to the 
lower octave until this can be played with 
facility in quick time and in all the different 
exercises by transpositicm [Ex. 11.} 

Having proceed^ from B 1? major to G mincu’, 
and thence to B|? minor, with fiAe flats, try Gb 
major, with six flats, which are as many as the 
student need trouble about in saxhorn playing. 
This scale is confined to one octave, from G on 
the second line to G above th<‘ staft, low fiddle 
G, so far as concerns written music, not being 
within the ordinary saxhewn compass. Here 
all the notes are flats, excepting F, which is 
natural. In this key, however, double flats 
are likely to jMcsent "themselves. In that case 
the note so 'marked is depressed a whole tone. 
Thus, BW? is played mth the same fingering as 
Atjr E!?!? in the same manner as DJ, At?l? like 
G % and so on. Exercise 12 gives the scale. 

Shmrp Keys* As much attention must be 
given to the sharp as to the flat keys. Although 
G I? major has six flats, the key of G t has o»e 
sharp, F. Then come in succession the keys of 
D, with C as its second sharp ; A, with G as the 
third sharp ; E, with D as the fourth sharp ; 
B, wrth A as the fifth ; and F^;, with EjjJ as the 
sixth. These are no more difficult to learn 
than flat keys, thanks to the different lengths 
of tubmg — opened up on depressiem of the pis- 
tons— being arranged equally to admit of the 
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temperament in tuning adopted for the piano- 
forte. The various saxhorns, indeed, aie no 
more difficult to blow and learn than the comet, 
and are equally applicable os regards the fingering, 
execution of rapid passages, and double or even 
triple tonguing. To acquire a brilliant and 
spirited articulation of staccato notes, try the 
scale of G major with double -tonguing. The 
action of the tongue is that of pronouncing the 
dissyllable “ too-tlc.'’ Different particles of 
speech are recommended by foreign teachers. 
For triple-tonguing the usual trisyllable is 
“ too-tle-too.” Hence the expression in our 
language of “ tootling ” on a wind instrument. 

Fingering. In music, the note G, from 
which O major begins, has always had much 
significance, for it furnished the “ lichanos 
of the Greeks, the first note of the feolian, or 
church mode, the lowest note of the grave 
hexachord as of the iiohn, and gave the letter- 
name to our treble clef. Consequently many 
old melodies are written in this key, and, coming 
to the saxhorn, the student w^ill remember that 
the first sound elicited was G on the second line. 
Now get the G, octave below, with the first and 
third pist.,n8 down and a slack lip. With the 
first and secofid pistons down, get the A above. 
With the second do\vn, get the B. Now' sound 

C, half a tone higher, without depressing the 
fingers. Putting down the first and third, play 

D. Employ the first and second for E. For the 
PJ use the second only. Then sound the ox>en G 
with the pistons up. Get A \rith the first and 
second valves down. Sound B by putting down 
the second finger only. Tlic open C, half a 
tone higher, should be easy. Put down the first 
finger for D. Release this piston for E. Put down 
the second finger for F f. Finally, sound the open 
G, tightening the lips. Return to bottom G in the 
same maimer. 

D Major. Next try D major, within a 
compass of one instead of two octaves. Begin 
with the D below the staff. For this, put 
down the first and third pistons. For E, 
depress the first and second buttons. Put down 
the second finger for and then sound the 
open G above. For A, put down the first and 
second fingers ; for B, the second finger only ; 
and the same for CjJ above. The first finger 
depressed will give the octave D. Return in 
the same maimer. Still double- tonguing each 
note, take the scale of A major, with three 
sharps, through two octaves. For bottom A, 
put down the first and second fingfers. Depress 
the second finger only fOx- B. For C $ put down 
all three pistons. Depress the first and third 
only for D, and the first and second for E. FJ 
is produced by lowering the second piston, and 
G?by putting dow n the second and tliird fingei’s 
together, whilst the octave A is sounded by 
means of the first and second. , 

With increased pressure of the lip, get the B 
by the second piston, the Cff by the first and 
second, and D with the first. E above is an open 
note. Then comes F produced with the second 
piston, G S by the second and third fingers, and 
top A by putting down the first and second. 
Descend the scale in the same way. 
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£ Major. Proceed to E major, with four 
sharps in its signature, through one octave. 
Sound E on the first line by lowering the first 
and second fingers, F jj by depressing the second, 
Gtt with the second and third, A by the first 
and second, B by the second only, Cjj by the 
first and second, and Dj^ by the second only. 
Top E IS an open note. Return in similar fashion. 
Try B major, with five sharps, through two 
octaves, beginning with B below first ledger line, 
putting down the second piston. Triple-tongue 
each note. 

Having executed a “ too-tle-too on B, get the 
same articulation on Ctf, putting down all three 
pistons. Release the first finger for D Depress 
the first and second pistons for E, the second only 
for FS, the second and third for GjT, the first for 
Ajf, the second for B, first and second for Cf, 
and the second only for DJ. Release all pistons 
for E. Put down the second for F^ gradually 
tightening the Ups. Depress the second and 
tlurd pistons for GJ, using the first only for 
Ajtp and get top B by putting down the 
second finger only. Descend the scale in the 
same way. In saxhorn music the scale of Fjf 
with six raising signs, is seldom used, its sjrnonym, 
Gt>, with six flats, sounding the same and being 
easier to play. Should the sharp key, however, 
bo employed, remember that when an Fx 
occurs it must be fingered like Gf, Cx being 
played like Dt[, Gx hke A, and so on. The 
minor scales related to the foregoing sharp keys 
present no more difficulty than those identified 
with flat keys. 

Take, for instance, E minor, the relative to 
G major. Sound E, first line treble clef, by 
putting down the first and second fingers. 
Produce the next note, F^, by depressing 
the second piston only. Then comes Gtt, an 
open note, a half-tone above. Put down the 
second finger for A, and the same for B, a tone 
alx)ve. For C put down the first emd second 
pistons, and t^e second only for Diji. The E, 
a semitone higher, is open. Returning, put 
down the first piston for D {. C fl is an open 
note. The second piston gives B. For A, 
use the first and second. G is an opeu 
note. F If is produced by the second pistor 
only, and E with the first and second as before 
Thus, in the melodic minor, F, C, and D an 
sharpened in ascending, but the D and 0 ar« 
made natural in descending, and only the F i 
sharp. So as to impress all the major and mino 
scales on the memory, the student is advised t 
write them out on music-paper in their prope 
order, placing the fingering above each note 
Presently, no matter what key a piece is in 
familiarity with its * scale, both in the majc 
and minor modes, will enable numerals over th 
notes to be dispensed with, and the fingerin 
^ will apparently come of its o\^'n accord. 

Appoggiatura. We have seen that th 
correct performance of saxhorn music greatl 
depends on familiarity with the different gradi 
ated series of sounds applicable to every ke; 
Unless, therefore, each scale is studied ind( 
pendentjy, and the fingers as well as the lips \ 
exercised together, so that, no matter what tl 
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Bignature is, the performance wUl be rendered 
with facility, the saxhorn player cannot expect 
to excel on his instrument. So the scales are 
those ladders of sound which have to be climbed 
if the top of the musical building is to be reached ; 
and the sooner their various rungs are mounted 
the better. But these more important exercises 
can be pleasantly alternated with study of the 
embellishments or graces which frequently 
occur in written music. The sinmlest of these 
ornaments is the avpoggiatura. It is merely a 
little note which leans upon a big one when 
playing. Although smaller to the eye than the 
principal note, in performance it is given one half 
the value of the latter ; but when crossed by a 
small line, the little note should last only a 
fourth of that which follows [Ex. 18]. 

The Turn. The turn consists of three 
grace notes played between, or after, a principal 
note. It is sometimes termed gruppetto, an 
Italian name for a series of notes grouped 
together. 8uch embellishments, in former times, 
^vere introduced at the discretion of a player, 
and it was considered clever to insert what was 
called in our country a “ double relish.” Such 
improvisations to-day are bad form, as they 
are contrary to the intentions of the composer. 
The turn is marked by a horizontal A small 
sharp beneath this sign indicates that the lowest 
of the three extra notes must be raised a semi- 
tone, whereas, if the sharp is above the sign, the 
upper grace note has to be treated in that 
manner. When a sharp occurs both above and 
l>elow the sign, both the upper and lower grace 
notes are raised a semitone by the player, the 
same rule applying as regards flats, the per- 
former then depressing both the lowest and 
highest grace notes in similar fashion [Ex. 14]. 

The Shake, What is known as the 
parsing shake is the same note twice repeated 
^^ith the semitone above it, without interfering 
\vith the time in which the other notes of a bar * 
are performed. But the trill, or longer shake, 
necessitates a rapid alternation of the note 
marked with that which is the next degree above 
it. On an instrument with pistons, playing a 
trill neatly and rapidly can only be effected by 
constant practice, and by keeping the valves in 
good order. Try the shake on C in third space. 
Couple this with the semitone below by putting 
down the second piston for B. Begin very 
slowly, playing B, C, B, C on four beats. Then 
sound B, C, B, and C, B, C, as two triplets, each 
on one beat. Next, play B, C, B, C as four 
quavers on one beat. Still increasing the speed, 
execute the two triplets as before, making six 
quavers to one beat. Then double the speed, 
and play a group of eight semiquavers to one 
beat, finally getting four triplets of semiquavers, 
or twelve notes, to one beat. 

Try the next note of the scale, but an octave 
lower, by putting down the first and third piston 
for D, and alternate that with the open low C. 
To move two fingers instead of one evenly and 
rapidly is, of course, more difficult. Proceeding 
to the next note, E, a further difficulty confronts 
the student, for, whilst the first finger is kept 
down for both notes, the shake is executed by the 
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third and second pistons, and the third finger is 
the weakest of the hand. It therefore demands 
an extra amount of practice. At first the shake 
may appear almost impossible, and it is no good 
tiring the lips or fingers by continuing too long 
with any one exercise. The best way is to attack 
it persistently at short intervals day by day. 

Continui^ the chain of shakes, go to the F 
This is easier. For both the E and F the first 
piston is down, but for the E the second is also 
required, so the shake is made by p, rapid de- 
pression and release of the second piston. To 
get the shake on the G req^uires rapid manipu- 
lation merely of the first finger for F, G being 
an open note. 

The shake on A is more difficult, as it requires 
the first and second fingers to be moved with 
great precision for A, and then released cleanly 
so that the open G is heard. The shake on B is 
simple, because the second piston is down all 
the time for B. and the first is depressed quickly 
for A. Finally* to complete the octave, “ open 
C changes rapidly with the B, so that the second 
finger and the lip only do the work. Thus it 
will be seen that the pons asinorum of a chain of 
shakes in the scale of C major is presented by the 
trill on's in the lower octave, where the first and 
second and the first and third fingers have to 
move neatly and rapidly. But in the octave 
above the E is an open note, and the D below 
needs only the depression of the first finger, 
so that what is difficult in the graver notes 
becomes easy with a tighter lip. It is useless, 
therefore, to attempt a maximum speed towards 
the bottom of the compass. 

We only give particulars of trilling in C major, 
but the student is advised to study other scales 
in the same w^ay, making a chain of shakes on 
every note by coupling with ea^'h one the semi- 
tone below it. From skilful use of this ornament, 
some of the most beautiful effects in music have 
been derived, as, for instance, Beethoven’s 
imitation of the night mgale in the ” Pastoral 
Symphony,” or in his setting of ” Herder's Song.” 
This forms an admirable exercise, as, being based 
on Nature, it shows the truly artistic way of 
beginning a trill. It is on the top A, coupled 
with the G below'. Now*, the A requires depres- 
sion of the first and second pistons and a tight 
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hp. But the G in the upper octave is an open 
note. The bird, before it pitches on to the A. 
accustoms itself slowly to sounding the preceding 
G. First we have three slow G’s in one bar. 
Then the crotchets are syncopated, which means 
that the rhythm is alter^ by driving the accent 
to that part of the bar not usually accented. So 
the bird begins the second bar with a short note^ 
followed by two long ones, and then succeeded 
by another short note. The third bar doubles 
the speed, i we have six quavers instead of 
three crotchets'; but, as the nightingale is 
thinking of the speed of the trill, it again begins 
and ends the bar with a quick note, as in the 
preceding instance. Then, in the fourth bar, it 
executes its shake on the A, singmg four A's and 
four G's on each of the three beats, or twenty- 
four notes altogether in one bar. This is Nature’s 
own method of trillmg, and the student who 
copies such a model cannot go fai wrong [Ex. 16]. 

Portaimento. In singing this term implies 
“ lifting ” the voice from one note to ano" her. 
On the saxhorn it means a tightening or slacken- 
ing of the lips in a flexible way, so that the sound 
is increased to a higher or decreased to a lower 
pitch. As a valve instrument, unlike a slide- 
trombone, cannot make a true glissando, the 
idea of the portamento is merely to get the 
transition from (me note to another as smoothly 
as possible. If the “ carrying ” is exaggerated, it 
becomes objectionable. But in legato music it 
should be the endeavour of the player to make his 
instrument sing. Some performers have a natural 
gift in this respect. Between mere blowing and 
artistic performance there is therefore a marked 
difference. Since every musical instrument has 
a voice, a family of saxhorns of different sizes 
may be regarded as a vocal choir representing 
bass, baritone, tenor, alto, or contralto, mezzo- 
soprano, and soprano parts. If a combination 
of singers “ bark ” out their notes, the effect 
is not considered happy. Yet many saxhorn 
players unconsciously cultivate a harsh, br^y 
manner of tone-production analogous to barking. 
Thus it is not alone correct finger manipulati(m 
which should be studied, but the student should 
always imagine that he has a critic listening to 
the quality ci his tone, whether it be elicited 
from the lower or higher octave. Only by 
independent practice of this character can the 
player make his performance most useful for 
enriching the tone of a band artistically. 

To do this requires persevering practice, and 
not exoeptiana] ability. Patient self-training 
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and taking care never to force the lips unduly 
by exercises for which they are unfitted will 
enable the student gradually to improve himself. 

Self-tuition in saxhorn playing, therefore, in 
the absence of a master to check impetuosity, 
demands special restraint One’s stuc&es, when 
practising alone, must be systematiseci There- 
fore, draw up a practice table as recommended 
in the course for the violin [page 2314]. There 
it will be seen that if forty minutes can be 
devoted to practice daily, five of them are given 
to a major scale, five to a minor, a quarter of an 
hour bemg (x^cupied by practising intervals, and 
the remaining quarter erf an hour by the study 
of arpeggios. If in earnest, the saxhorn student 
who wi^es to economise his leisure will make 
more progress if he familiarises himself in the 
same manner gradually with the different major 
and minor scales, makes exercises upon them, 
and practises the shake and portamento effects, 
than in playing unprofitable popular tunes. 

Having mastereii preliminary studies, he has 
only to develop carefully such rudimentary 
ability to become recognised by-and-by as a 
talented player. 

Specially adapted for portamento phrasing are 
certain slurs, as in preceding the E on the fourth 
space (played with a tight lip and first and second 
pistons down) by open G below, or the same 
G preceded by the open C above, the difference 
from the high to the low note being due to 
“ humouring ” the tone by the lip. The rule is 
to make a crescendo when going from a low to a 
higher note, and a decrescendo when coming 
from a high to a low pitch. The long note, to 
, which the tone is “carried,” is slightly antici- 
pated, whilst the shorter note is slightly cur- 
tailed [Ex. 16.] 

Time Beats. Tone quality or vocal effects 
in saxhorn playing, however, must be subser- 
vient to the measure in which any study is 
written. Avoid slackening the speed over diffi- 
cult short notes, and do not hurry over long, 
easy sounds. Emotional qualities in music are 
invariably governed by tempo. It is this control 
which constitutes “ form ” in music. Unfortu- 
nately, players who are the best timists have 
often a harsh lip, whilst those who produce the 
best tone-quality frequently neglect a strict 
observance of the beats in each bar. The easiest 
way to correct shortcomings in this respect is 
to practise with a metronome. 

U a melody is written as a march, it should 
be performed as if the left foot of every soldier 
was brought to the ground on the first beat of 
each bar. E(]^ually, if the piece is a dance, unless 
the rhythm is correctly kept the steps of the 
dancers would be thrown out. To add interest 
to a melody, the time within each bar, neverthe- 
less, is often interrupted by the composer, who 
robs the length of one note by giving it to another. 
Thus, a dotted note, if there are two crotchets 
in a bar, borrows half the length of that time 
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from the crotchet which follows, so that the 
second note becomes a quaver. \^en two dots, 
however, follow a note* the second sound is still 
more abbreviated. Thus, Rossini’s “ Cujus 
Animam ” starts with a dotted minim, followed 
by a dotted quaver, in four-four time, so that 
o^y a semiquaver is needed to complete the 
bar. The six succeeding bars preserve this 
rhythm by having notes of similar length to 
those in the first bar. Yet, although the measure 
is marked “ allegretto,” or tolerably quick, these 
dotted notes do not imply that the movement is 
to be played jerkily, as the music, being sacred, 
should be rendered seriously. 

On the other hand, if we take Irish jigs or 
Scottish reels in quick time, the dotted notes, 
performed in ^firited fashion, give to the piece 
its swing or “ lilt.” To accustom the student to 
the playing of dotted notes, a good exercise is 
the well-known “ Keel Row ” [Ex. 17]. 

Here, in the contraction to a semiquaver of 
each second quaver, the accents fall on the first 
and second beats in each bar, so that there is no 
displacement of the rhythm of the melody. 
But, whilst emphasis is regular so far as the 
tune is concerned, it may be irregular in the part 
written for an accompanying instrument. The 
student should give careful attention to any such 
unusual accentuation. Although the emphasis 


impulse, which exhausts the prime note and 
lower harmonics. Thereby prominence is given 
to the smaller pulsating segments, or aliquot 
divisions of the tube, although these are ais^ 
brought into requisition when the fundamental 
sound is produced. 

It is only by increasing the velocity of the 
vibration that these minuter segments can be 
detached. If, by a slack lip, the whole tube is 
thus induced to souqd its fundamental note, 
increase of breath-pressure first divides the 
vibrating segment in half, next into a third, a 
fourth, fifth, sixth, and seventh of the whole, 
each proportion yielding its distinct harmonic 
sounds. Because of their cupped mouthpieces, 
this takes place uniformly in all saxhorns when 
no pistons are depressed. When first introduced 
the valve-action was somewhat different to what 
it is now. Pressure of the first piston lowered the 
pitch half a tone, of the second a whole tone, and 
of the third a tone and a half. The arrangement 
now is that the first depresses the pitch a whole 
tone, the second a semitone, and the third a tone 
and a half. This system distributes, as equally 
as possible, the weight of the longer tu^s attached 
to the valves. The harmonic series obtained 
through the medium of each piston is therefore 
a mere transposition in pitch of the so-called 
open sounds when no valves are used. In- 
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may fall generally on the first tone in each bar, 
considerable effect is often gained by misplacing 
the accent m minor parts. 

Syncopation, As an example of this, play 
four C’s, third space, in a bar, in four-four time. 
But begin the second bar with a quaver rest, 
following this rest by blowing three crotchets 
and one semiquaver in strict time. To do this, 
count mentally “ one-and,” “ two-and,” “ three- 
and,” “ four-and,” giving emphasis to the “ and ” 
m each case. This is syncopation. The effect is as 
if the player, instead of blowing simultaneously 
with a conductor’s beat, echoed it. Practising 
alone, syncopated passages may not appear 
interesting, and for that reason are apt to be 
passed over, yet they need special attention 
[Ex. 18]. 

Tuning. When any instrument of the 
saxhorn family is blown without touching the 
pistons, the student is aware that not one but 
different sounds result according to the degree of 
lip-pressure on the mouthpiece. The lowest, or 
fundamental, sound is obtainable by a very slack 
im. As its quality is bad, this note is seldcnn used. 
Ine musical tones are the harmonics, or partials, 
elicited above the deepest sound. These, w'e have 
seen, ascend in a regi^r series, becoming; higher 
in pitch according to the increase of vibratory 


creased depth depends on the extra length of 
air-passage opened. 

If the tubing attached to the valves is 
examined, it wiU be noticed that each lower bend 
18 furnished with a tuning slide. A little grease 
will make these slides w^ork freely. Without 
using the pistons, sound D alKDve first ledger 
line bass clef. Compare that note with the same 
obtained on pressing down the third piston. 
Regulate the slide of the latter until the two are 
in tune. Sound B!? above bass clef without 
touching the pistons. Then press down the second 
with the third, sounding the same note. Regu- 
late the slide of the second till the unisons are 
true. Without touching the pistons, sound the 
first D again, and then the same note, putting 
down the first and second pistons. Adjust the 
slide of the first till the unisons are in tune. 

THE EUPHONIUM 

On account of its singing quality, power, and 
flexibility of tone amount the vanous saxhorns, 
this instiniment, apart from its use in fiilin|^ in 
harmonies, is often allotted prominent solo 
work. The name euphonium,” coming from 
the same Greek root as euphony, means “ smooth- 
sounding.” It is pitoh^ in C, B!^, or At?, the 
C being least used. In. brass bands the A 7 w 

5139 ' 




occasionally employed, but the B7 is usually 
pref^red; In common with the other saxhorns, 
euphonium band parts can be had in the treble 
4ie{, but the student is advised to make himself 
acquainted with the bass clef, solos being gener- 
ally ivritten in that manner. The method of 
blowing the euphonium is akin to the smaller 
saxhorns. Choose, however, a mouthpiece an inch 
in diameter at the cup surface, and even larger 
if the instrument has four valves. 

In a big instrument a mouthpiece with a large 
cup gives a better tone-quality than a small one. 
The latter is often chosen b^ause it is thought 
that high notes, usually less important than the 
low ones, can be more easily articulated. A point 
for the student to cultivate specially is to pro- 
duce every note on the euphonium without 
^ bemnning it with what is known as a “ crash.” 

SVom very soft to very loud the quality should 
always be mellow and liquid. Owing to the 
extensive compass of this instrument, it takes the 
same position in a brass band as the violoncello 
does in a string orchestra. Recognising its re- 
sources, comppsers make more and more use of 
the euphoi mm. 

Attitude. * In this and the larger bom- 
bardon, owing to the weight of the instrument, 
many students get into a bad habit of bringing 
the mouth to the euphonium instead of the latter 
to the lip. Stand erect and keep the body ‘ 
motionless when playing. To incline the neck 
forward is wrong ; it interferes with the proper 
method of breathing. Guard against contracting 
a bad habit of jerking the breath to complete 
a note, whilst at the same moment lessening the 
pressure on the Ups of the mouthpiece. This 
immediately lowers the tone. Endeavour to 
stand in a military’ attitude when practising. 
Hold the instrument with the left hand, firmly 
but not stiffly. If grasped loosely, the instru- 
ment will shake on manipulation of the pistons, 
and the embouchdre will be upset. 

THE BOMBARDON 

It is a mistake to use the euphonium for 
bombardon work. The former, in spite of its 
good qualities, has neither the depth nor fulness 
of tone for such an important part. The bom- 
bardon student should endeavour to produce 
a good full tone, and sustain it without effort, 
ra^er than strive to acquire facility in rapid 
passages. To get the necessary dexterity of 
finger and suppleness of Up for playing the 
Flugelhom, boys in France are put to that instru- 
ment at the age of ten, and are considered 
incapable of excelUng on it if they take it up 
after eighteen. But, with the bombardon, 
alihou^ small models are made for use in boys* 
bands, the instrument can only be heard at Us 
best when played with the reserve lung-power 
of a physiciuly strong man. 

The player should always seek to emulate the 
best e£^te of the stringed double-bass. 

Bombardons are made in models of three 
different pitches, £l>, F and BBt^. The price 
ranges from £7 to £20. 

The Fourth Valw^. In the smaller sax- 
horns, to get correct intonatiem, when certain 
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•^combinations are made with the three valves, 
the lip has sometimes to huttiour *’ the notes. 
In bombardons, similar coaxing of tone is not 
always feasible. A fourth valve is, therefore, 
almost essentiaL When used alone it adds the 
length of two and a half tones to the open ” 
pitch. This series of harmonics then sounds : 
P (below bass staff), with C, F, A, C, and F above. 
These sounds are aU too sheurp in the lower 
register if the same notes, are obtained with the 
first and third pistons. The tubing opened up' 
is then too short proportionately to the whole 
length. With the fourth valve the series is 
accurate. But if this piston is valuable as 
regards the harmonics it gives by itself, it is of 
greater utiUty when combined with the other 
pistons. The student should therefore acauaint 
himself with the principles of the quadruple 
fingering. The fourth valve in combination with 
the second gives A (third ledger line below staff), 
with E, A,Cjt, E and A above. The fourth and 
first valves together sound Ab,E!?,A!?,Ct[, Et?, 
and A lowering the first series a semitone. By 
the fourth and third valves being depressed, we 
get a whole tone lower, thus : G (below third 
ledger line bass clef), D, G, B, D, and G above. 
Putting down the fourth and second valve, 
there is another depression of a semitone, the 
sounds being Gt^, Dt?, Gl7, Bb, and Gb. By 
lowering the fourth, third and first together, 
there is a transposition of three whole tones 
in the first series, and we get F (fourth ledger 
line l>elow staff), with C, F, A, C, and F above. 
Finally, pressing down all four valves, the open 
series is lowered an interval of a fourth, the 
harmonics being low E (below fourth ledger 
line), with B, E, G jt, B, and above. 

Taking an E7 instrument, the compass will 
be found to consist of three octaves, the upper 
notes of the first octave and the lower sounds of 
the second being easiest for the beginner to 
obtain. On these notes preparatory studies are 
usually constructed. It is only for the lowest 
octave that the fourth valve is needed. 
Nevertheless, this is the most important part 
of the compass, since it gives the pedal notes on 
which the harmonies in a brass band are con- 
structed. These sounds, in consequence, may 
have to be loud and sustained. If their intona- 
tion is wrong, the effect of the other instruments 
will be spoilt. To master the blowing of the 
bottom octave, begin with the open E!? (first 
ledger line below staff). Lower the second 
valve and sound D. With the first valve, get 
D b. With the first and second together sound 
C. With the second and third together get B. 
With the first and third topther get B b. With 
the first, second, and third sound A. 

Now, for the next' five semitones the fourth 
piston must be employed or the intonation will 
be too sharp. Always using this piston, put dowu 
as well the first for A!?, the third for G, the second 
and third for Gt^, the first and third for F, and 
the first, second and third for E. Finally, the 
octave fundamental below the E b from which 
the start was made can be obtained with a very 
slack lip. 
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colours which is so economical and efficient that 
it is apriied not only lo earth colours but also to 
artihciu oolours, such as ultramarine, where a 
uniformly finely divided pigment is not obtained 
straight away. 

A Practical Test. A rough examination 
of the material taken from the different tanks 
will demonstrate the separation which has been 
effected. Supposing we have been working with 
china clay, the first €wk will contain a product 
consisting of tiny particles of rook, known as mica- 
ceous doff. A pinch of this product dropped into 
a tumblerful of water will present a very different 
appearonoe to a pinch of the fine material from one 
of the later tanks. 

Grindi^ under Water. In most cases 
previous grinding is necessary, whether we are going 
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to levigal natural or artificial colour. *For this 
purpose a wet grinding mill [2] is used, which con- 
sists of a strong circular iron tank, A A, containing 
water into which the material to ground is put. 
A strong vertical shaft, D, driven by the pulleys, B, 
and the gearing, C, revolves in this tank, and to it 
IS attached the horizontal shaft, HH, on which 
the rollers, EE, are free to revolve. Those portions 
of the mechanism immersed in water m the tank 
are represented by dotted lines. When the machme 
is set going, the rollers or runners, EE, move in a 
circular path, resting on the bed or bottom of the 
tank, A A. The lumps of colour are crushed and 
ground between the rollers of the bed-plate, and the 
coarse ptarticles rapidly settle again to the bottom, 
where they undergo further grmding ahd crushing 
while the finer particles remain suspended in the 
water and are drawn off with it m a regular 
stream through cocks in the side of the tank. The 
construction of this grinding mill as built by 
Follows & Bate may perhaps be better understood 
by reference to 7, where we have a similar plant, 
but suitable for grinding in the dry instead of 
the wet. There is a gate, K [2], at the bottom 
of the tank for taking out coarse iinground lumps. 
Attechcd to the shaft, D, are scrapers, which revolve, 
touching or nearly touching the l^ttom of the tank. 
These are not shown in the illustration, but serve 
to gather up the ground lumps and distribute them 
over the surface to ensure even and uniform grinding. 

PreMln^ and Drying. Our colour is now 
in the form of sludge, and the water has to be got 
nd of. In some cases it may be dried directly m 
some suitable form of oven. Whatever type of 
oven is used, it is essential that there should be 
a thorough circulation of air through it, fresh air 
being admitted while the air laden with moisture is 
drawn off. Very often it is more economical to 
remove most of the water hy filtration, and even 
to apfdy considerable pressure to squeeze the 
mass as dry as possible, as, quite apart from the 
expense of evaporating large quantities of water, 
Mioh water may also contain soluble impurities 
which can be removed only by filteation. The 
moist colour can be thrown on a simple filter 
doth stretched over a frame, but it is usually more 
eooDomicaJ to use a filter press. Fig. 8 represents 
the latest type of machmc, which i^ made up of a 
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number of square teames [41. These frames have a 
circular hole, A, in the middle, and the ed^ projects 
all the way round, so that when put sicfe oy side, 
as in & they form a number of enclosed cells. The 
filter cloths ore out the same size as the frames with 
the hole in the middle made slightly smaller. They 
are sewn toother in pairs, by joining the edges, 
where the holes sjce out, and each frame is fitted with 
a pair of cloths, by pushing one of the cloths 
through the bole A, in the centre of the frame, so 
that each side of the frame is covered with a cloth. 
The frames are then placed side by side, and held 
firmly together, as shown in 8. The sludge, or liquid 
mass of material to be filtered, is forced nn by the 
pumps shown at the near end of the machine 
and the liquid finds its way through the filter 
cloth into the space between the filter cloth 
and frame. The surface of the frame is usually 
corrugated, as shown by the crofts lines to 
allow the liquid to run off and find its way out 
through a hole at B, near the bottom of 
each frame. The frames are also pro\ ided 
with arms, C5C, to support them, and arc 
screwed up together as tightly as pos- 
sible. When sufficient stuff has been forced into 
the machine, the material can be washed by sub- 
sequently forcing water through. Finally, on 
ta^ug the machine to pieces, a solid cake of 
colour can be removed from between each pair of 
frames. 

Grinding Machines. The solid material is 
now ground. This can be effected in the edge-runner 
mill [7], shown in section in 6, the action of which 
is exactly similar to the wet grmding mill [2] 
already described. It will be noticed that it is under- 
driven, the gearmg, C, being under the pan, AA. The 
axle, HH, is not' rigidly fixed on the frame, D, but 
there is a certain amount of “ give ” allowed by the 
springs, M, so that, should the runner pass over a 
hard lump of material which it cannot crush, it 
just lifts the axle, HH, a little, instead of possibly 
breaking some part of the machme. 

Flat Stone Mills. In another form of grind- 
ing mill the pow'der is crushed between the flat 
Rides of two circular stones instead of between the 
edge of the stone and a bed- plate. Fig. 5 will give 
an idea of what is intended. The material is fed in 

through a hole, 
A, 111 the iipi^ier 
stone, and finds 
its way out at 
the edges, BB. 
Sometimes it is 
the upiier stone, 
sometimes the 
under that is made 
to revolve. In either 
case one of them re- 
volves while the other 
or bedstone remains 
stationary. 

Cone Mill. As a 
receilt tyjie of another 
form of mill we may 
take the cone miUL or 
shown in 8, a section of which 
fed in to the 
nieana of the 
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disintegrator, as 

is shown in 10. The material is 
hopper, A. The pulleys, B, by 
gearing, C, drive the conical-shaped bldok, E, with 
the corrugated surface. This Mock, i^own black 
in 10 , revolves close to the outer grinding surface, 
HH, and the material passing do^ between the 
two is rapidly reduced to a fine powder, and 
collects in a groove round tlio base of the 






block, E, and passes otit through D. This form 
of mill is very well adapted for rapidly j^inding 
soft materials, and it is also used for wet colours. 

MiadM Machines. At a certain stage, the 
ground colour is incorporated with the medium — 
usually oil — to make the paint, after which the 
mixed colour and oil undergo a further grinding in 
a special form of mill termed a ToUer miU, which 
we shall c(Mne to shortly. Figs. 9 and 11 show a 
vertical mixer, which consists of a pan, AA, to take 
the oil and colour. The pulley, B, by means of the 
paring, C, causes the vertical shaft, D, to revolve. 
This shaft carries horizontal beaters or agitators, 
HH, which revolve, ensuring thorough incorpora- 
tion of the dry colour with the oil. When sufficiently 
mixed, the moss of paint is run out by means of the 
gate, K, worked by the handle, L, at the bottom of 
the pan. 

Roller Mill. This form of mill [14] is used 
for the finishing process ; the paint, gbing through 
the mixer of pug mill, is ground to an im palpably fine 
mass with the oil Fig. 18 shows longitudinal section, 
and 12 a vertical section and the more important 
parts of a roller mill. Jt will be seen that it consists 
of three rollers. A, B, and C, touching, or almost 
touching, one another. They are held together in 
the frame, KK. and are adjusted by the handle*- 
projecting from the ends of these 
frames. The driving gear is left out 
m the illustration for simplicity, but 
the gearing is shown by 
which the motion of tlic 
roller B is transmitted to 
the rollers A and C. As 
the wheel D is larger than 
E, and F than G, it T^ill 
be seen that the rollers will 
revolve at different rates. 

The speeds, shown in 13, 
are not always adhered to 
but adjusted to suit the 
work. The mixed j)amt, as 
it comes from the pug mill, 
passes on to the roller A, 
and is kept from off the 
edges by the blocks of 
wood, LL. Owing to the 
fact that the rollers revolve 
at different rates the 
material is subjected to 
a smearing and grinding 
action, which reduces it to 
a fine state of subdivision. 

From the roller A it glasses to the roller B, and 
from B to C. A scrajxjr, M, is adjusted against the 
roller C, which collects the ground paint, which is 
now ready for use. 

Manufacture of Pigments. We shall 
consider in turn first the pigments, or colouring 
matters, then the vehicles or mediums. 

Pigments and colouring matters are either of 
mineral or organic origin. Speaking generally, the 
mineral colours are far more permanent than the 
vegetable and animal colouring matters or the 
anuine dyes which are also used We shall consider 
first the more important mineral colours, describing 
shortly their methods of manufacture and properties. 

White Lead. This substance is a basic car- 
bonate of lead, having the chemical composition 
approximately represented by ; 

2PbCX).,Pb(0H), 

(Lead carbonate) (L^d hydroxide). 

The use of this colour can be traced a long way 
back in history, and the old method of preparation 
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knoun as the Dutch process, although less con- 
venient than the modem methods, produces the best 
quality of material. The Dutch process is shortly 
as follows. 

A small quantity of vinegar or acetic acid is placed 
at the bottom of an earthenware pot, provided with 
a shoulder about halfway up the side. On this 
shoulder rests pieces of lead, roughly cast in the 
form of a gratmg. A large number of these pots are 
placed together on a layer of spent tan, the whole is 
covered with another layer of spent tan, and a 
further layer of pots upon this until the whole forms 
a large stack. The decomposition of the spent 
tan raises the temperature ef the whole mass, 
causing the acetic acid to volatilise, and act on the 
lead plates forming basic lead acetate. Carbonic acid, 
which is evolved at the same time from spent tan, 
partly decomposes the basic acetate, forming basic 
carbonate, and the acetic acid liberated acts on 
a further quantity of lead. The white lead so pro- 
duced is collected by cnish- 
ing and separating the 
powder V pigment from un- 
changed metal. 

In a more modem 
method, litharge is ground 
up with common salt and 
water, with Ih^ formation 
of a solution of the oxy- 
chloride, from w'hich wiifte 
lead K precipitated by a 
cunent of carbon dio.xido 
gas. White lead forms an 
excellent paint on account 
of its body or covering 
power; that'is to say, when 
ground up with oil and 
spread over a surface a 
very small quantity of the 
material produces an opaque 
layer. It also reacts chemi- 
cally in some way with the 
linseed oil with which it is 
grouiifl. producing a hard 
clrymg layer. Its chief dis- 
advantage is the discolor- 
i^-ntion it undergoes when 
exposed to a sulphurous 
atmosphere, black sulphide 
of lead being formed. 

Zinc white is an excellent 
white paint, consisting of 
oxide of zinc, but it is too 
expensive for most purposes. There are, however, 
n number of white pamts, known as zino whites, 
which contain a small proportion of a zinc com- 
pound in admixture or combination with cheaper 
materials. 

Lithopone belongs to this class of zino whites, 
and contains zinc as a sulphide. The zino is often 
precipitated together with barium sulphate, which 
forms the larger part of the pigment, or, as it is 
commonly put, the zinc is “ stmek on barytes. 

Barytes^ or permanent whiter consists of the mineral 
barytes finely ground. It is extremely permanent, 
but has little covering power. It is usm in enor- 
mous quantities for cheapening pigments. We shall 
come across it again later on. An artificial form of 
barytes known as Uanc fixe, is made by precipita- 
tion. 

ParU White, or WhitinU* This sub 
stance is identical in composition with chalk-^that 
is to say, it consists of calcium carbonate. It is 
essentiaUy a cheai^ening agent or an adulterant of . 
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other pigments. It is frequently used in admixture 
with two or three parts of barytes. These cheaper 
whites are not always as economical as they appear, 
as a largtt proportion of oil is required for grinding 
them, ^ns, white lead and the very best perma> 
nent white takes about 7 per cent of ou for grinding, 
wheieas whiting will take os much as 23 per cent. 
White lead or the cheaper sine whites, such as 
lithopone, form the ba^ of most 
paints, especially light coloured ones. ^ ^ 

We shall consider the coloured 
pigments m order. \ J 

Ochres and Siennas. Ochres 
are so-called earth colours — that is to 
say, they are natural earths that have 
bc«n subjected to a refining process, 
consisting of grinding, the plant re- 
quired varying with the hardness of 
the material, 9ien levigating — that is 
to say, grinding up with water [2] and 
allowing the small particles to settle, 
drainmg off the supernatant liquor contaming the 
fine particle.s, ana allowing these to settle in 
. separate tanks [1]. Finally, the water is drained 
off, leaving the finely divided pigment as a 
deposit. 

Ochres, s^^ealung broadly, aic compounds of oxide 
of iron and cla^ — that is to say, when analysed the 
main constituents, in addition to moisture and 
oxide of iron, are alumina and silica. 

These colours are veiy permanent, both under 
light and atmospheric innuences. The natural 
ochi'es are found in Oxfordshire, 

Derbyshire, and on the Continent 

Chromes. These are brighter 
than the ochics, not quite so per- 
manent, but sufl^iently so for most 
purposes. They consist generally of 
chromates of lead prepared by pre- 
cipitating a solution of lead salt with 
potassium bichromate. Each of the 
components is dissolved in separate receptacles — 
w-oodentubs with stirrers, and heated by live steam, 
are suitable ; they are then mixed in a third vessel 
uhere the colourmg matter is precipitated. 

Different proportions of acetate or nitrate of 
lead to bichromate yields chromes of different 
shades. The paler shades frequently have sodium 
sulphate dissolved with the bichromate, so that 
tlie colour consists of a 
mixture of lead chromates 
and sulphates. Ground 
barytes is frequently 
incorporated. To obtam 
orange shades, solutions of 
caustic alkalies are used 
which produce a basic 
lead chromate of comjx«i- 
tion PbO.PbCrO*. 

Chrome yellows are also 
made from zinc and barium 
salts, which yield zinc and 
barium chromates. There 
are a number of other 
yellow colouring matters, 
imeh as Mars yeUow, which 
is a sort of artificial ochre 
made by precipitating together oxide of iron and 
alumina. 

Titmer*s pellow is obteined by calcining a well 
mixed paste of litharge mid common salt 

Na/jpUs ydlow eontt^ins antimony compounds, 
^nerally miiturei of oxides of antimony and 
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King's ydlow is an artificial orpiment or sulphide 
of antimony. 

Cadmium yellow is sulphide of cadmium precipi- 
tated by sulphuretted hydrogen from a* lightly 
acid solution of cadmium salt 
Cadmium orange is prepared in a similar manner, 
using strongly acid solutions of cadmium. 

AureUin is a double nitrite of potassium and 
cobalt. These last-mentioned yellows 
are very permanent, and much used 
by artists. They are, however, too 
expensive for house painting. 

Red Lead. This substance is 
An oxide of lead having approximately 
a composition represented by the 
formula Pb, 04 , and is obtained by 
roasting litharge until it acquires thie 
desired colour. It is an excellent 
pigment and mixes well with oil. It 
nas a peculiar action on linseed oil, 
which causes it to dry rapidly, due \o 
that it saponifies the oil and forms a 
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mass of red lead cemented with lead soap. 

Venetian red is an oxide of iron. It is obtained 
from natural sources, by grinding the hard rock, 
or is made artificially by roasting copperas 
(sulphate of iron). It can also be precipitated by a 
wet process. It is a very peimanent colour. 
Vertnilion. True vermilion is a sulphide of 
mercury (HgS), but for house }mmting is largely 
leplaced by inferior substitutes. The best ver- 
milion is of Chinese origin, and in China its use 
dates back for centuries. It is prepared 
by heating together a mixture of 
mercury and sulphur, and the resulting 
mass IS then more strongly heateo, 
so that the vermilion sublimes — that 
IS to say, jt is converted into vapour, 
and deposited again in the cooler 
parts of the apparatus. Finer sorts 
of vermilion, as prepared m China, 
are purified by levigatiou in solutions of gum in 
which the colour settles only slowly. Inferior 
vermilion is prepared by the wet method of 
precipitation, and washing the iCMilting product. 
Vermilion has a great co\eiii)g power, and is a 
very permanent colour. 

Aidimony vermilion is a sulphide of arsenic 
(AsgSj,), prepared by precipitating a solution of 
tlie chloride with sulphuretted hydro- 
gen or sodium thiosulf)hate. 

Umbers. These are earth colours, 
similar to the ochres and siennas, and 
similarly prepared. They are charac- 
terised by containing the element 
manganese. They are per- 
manent and good pigments. 

Vandyke Brown. 
Pigments of quite diffeient 
ongms are met with under 
this name. For house paint- 
ing, Vandyke brown usually 
consists of a mixture of 
lamp or other blacks, and 
ochres or reds. For artist’s 
use, it is made by ddclning 
vegetable matter In closed 
The first variety is permanent, and the 


vessels. 

latter only partly so. 

Coppagh brown, and other browns of less import- 
ance, are used by artists. 

UltMsnnrine. This blue was orminally ob- 
tained by grinding the lapis lazuli [see Mineralo^ 

It is now made jn huge quantities artificially. 
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ingredients consist of china clay, or kaolin, which 
must be free from iron and contain only a trace of 
lime, sodium sulphate, sodium carbonate, sulphur, 

' coal Of charcoal, resin, finely powdered quartz, 
and kieselguhr, or Infusorial earth [see Geology]. 
The prop^ions differ according to the product 
required. For some ultramarine no sodium sulphate 
is used; such is termed doda ultramarine, and is 
of a violet blue tint. The ultramarine containing 
sodium sulphate has a more gi'eenish hue. The 
thoroughly mixed ingredients are calcined in 
oovered pots in a furnace and yield a greenish 
product. This is reduced to a fine state of division 
and mixed with sulphur, and again heated. The 
I’esulting product is ground, washed, and levigated 
to remove a quantity of soluble sodium salts. 
Ultramarine is a permanent colour of a beautiful blue 
shade. The more silica used the deeper the shade. 
It is permanent under ordinary conditions, but 
the colour is discharged by weak acids. It can- 
not be used in mixtures with lead compounds, 
as black lead sulphide would be formed owing to the 
sulphides contained in the ultramarine. 

Prussian Blue. Varieties of this blue are 
know 11 as Chinese, soluble, Antwerp and Brunswick 
blues. It is produced in various shades, the^greener 
shades by precipitating iron salts 
with yellow prussiate, while an 
.iddition of bleaching powder 
produces an in tenser blue. Alum 
is added to the solution when 
a lighter shade is required, and 
V iolet tinted blues are produced 
with red prussiate. 

It is a permanent 
colour unaffected by 
dilute acids, decoin- 
]) 08 ed by alkalies. It 
lias the disadvantage 
that it is extremely 
hard to grind. 

Cobalt Blues. 

These blues are 
among the most "" 

|X?rmanent and are 
of a beautiful shade. 

They are, however, 

too expensive for 7 EDGE-RCJIfNER GRINDING MI 
use on a large scale, 

but form with ultramarine the most important 


•hina clay, or kaolin, which Emerald green is a i^eculiar bright, vivid green, 
and contain only a trace of ' prepared by adding sodium arsenite to copper 

sodium carbonate, sulphur, sulphate. The resuming copper arsenite is allowed 

1 , finely powdered quartz, to stand with an excess of acetic acid The colour so 

serial earth [see Geology], produced is chemically an aceto-arsenite of co’pper. 

according to the product It is permanent but poisonous in character, and 

ramariue no sodium sulphate is often replaced by aniline lakes [see Lakes J. 

5d doda idtramarine and is Terra vertc is a natural green earth, like the 
The ultramarine containing ochres. There are other greens of less importance, 

1 , more gi'eenish hue. The such as verdigris or basic acetate of copper. 

Lgredients are calcined in LantpblacR. This is essentially soot prepared 
rnace and yield a greenish by calcining waste oils, greases, coal tar, ptc., in 

ed to a fine state of division special ovens [see also Coal Tar Products]. The 

IP, and again heated. The lampblack from coal tar is not quite so high in 

imd, washed, and levigated quality as that prepared from oils and greases. 

of soluble sodium salts. Bone-black is obtained by charring bones. It 
ent colour of a beautiful blue has not the depth of colour or brilliancy of lamp- 

, used the deeper the shade. black. Ivory black is prepared by charring waste 

r ordinary conditions, but ivory cuttings. Animal black, or animal charcoal. 

>d by weak acids. It can- is obtained from animal matter of all kinds. All 

res with lead compounds, these black pigments are permanent, 

ould be formed owing to the Organic Pigments. The colours which we 
he ultramarine. have already spoken about are minerals or of 

Varieties of this blue are mineral origin. There arc also a number of colour- 

>le, Antwerp and Brunswick ing matters of animal or vegetable origin, which, 

i various shades, tho'greener however, arc little used for paints at tlie present 

rnn haUk _ day. Such substances are 

cochineal, logwood, saffron, tur- 
\ meric, annatto, and a number of 
others. For making paints they 
have been mostly replaced by 
the aniline colours [see Coal 
Tar Products]. These are 
generally used in 
the form of lakes. 
We should not omit 
to mention gam- 
boge, an orange - 
coloured resin yield- 
ing a fine yellow 
in water. Unfor- 
tunately it is not 
permanent. 

Lakes. Lakes 
ai'e insoluble pig- 
ments prepared by 
precipitating an or- 

EDGE-RCJNNER GRINDING MILL (Follow^s & Bate, Ltd., Manchester) ^ ^ ^ 

matter with metal- 

irine the most important lie salts. Thus, if to a solution of alum be added 




Llues in the artist’s palette. There arc two classes — 
firstly, smaltsj which is a blue glass, and is prepared 
from a mixture of silica and potash (not soda) with 
cobalt ore. The mixture is fused in a furnace, and 
the blue glass finely ground. Tlie silica must be free 
fi oni iron and alumina. The ooloui* is very per- 
manent, but the pigment does not mix well with oil, 
C(d>alt Hue, used largely by artists, is prepared by 
precipitating oxide of alumina and cobalt together. 
The precipitate is dried and heated in a crucible. 
The colours are very permanent. There are a -num- 
ber of other blues, such as the copper blues (basic 
copper carbonates), coeruleum, etc., which are of 
less importance. 

Greens. For many purposes these are made u p 
of a mixture of blues and yellows. Thus, Brunswick 
green is commonly a mixture of Prussian blue, 
chrome yellow, ana barytes. Chrome greens, such 
as Guignet’s green, are not to be confused with 
greens, such as Brunswick greens, containing ohrome 
yellows. Guignet’s green is prepared by roasting a 
mixture of potassium bichromate and boracic acid. 
The resulting chromium oxide is ground, welshed, 
and levigated. 


some cochineal, and then carbonate of soda, the pre- 
cipitated alumina will carry down with it the colour- 
ing matter of the cochineal, and on washing and 
drying we shall have an insoluble red pigment. 
Many lakes made* in this manner, especially the 
madder lakes, are used by artists. Working on a 
large scale the colouring matter is always an aniline 
dye, and the products are not pure lakes in that 
there is always incorporated with them a certain 
proportion of inactive substance termed a bast. 
This base usually consists of some white pigment, 
such as barytes, gypsum, china clay, whiting, 
or a zinc white. The dye is precipitated upon 
this base by what is termed a precipitating agent. 
This will vary according to the typo of aniline 
dye which is used. Thus, for basic, dyes [see Coal 
Tar Products], tannic or picric acids are used, and 
for acid dyes, lead acetate, aluminium sulphate, 
or barium chloride. Adjective dyea are more 
diffioult to precip^te. Aluminium aoetate is 
often employed, process of manufacturing 

the lake is simple. The dye is dissolved in water 
in a tank to a 10 wr cent, solution. The pre* 
cipitating agent is dissolved in a separate vat. 
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nnd in a thL-d vessel, the base, which of course is 
insoliiMo, is thorouglily mixed and incorporated 
with hot water. The solution of dye is then run 
in and mixed with the base, the whole heated to a 
suitable temperature, and then the jMreoipitating 
a^»nt added. After mixing thoroughly, the 
lake is allowed to settle. The supernatant 
liouor;ahould be colourless, showing that all the 
CKHOur has been precipitated. After washing with 
^ter, the lake may be filtered off and driM at a 
low temperature. These aniline lakes cannot 
compare, so far as permanency goes, with the mineral 
colours, but they are often much cheaper and serve 
as substitutes for many of them. Thus, ver- 
milionette is a substitute for vermilion, and 
consists of an eosine lake, precipitated on a base 
consisting of barytes or red lead. It is, of course, 
a fugitive colour, although some lakes are more 
permanent than others. 

Chemical Teats. We must here refer 
to the course of chemical analysis, os paints are 
frequently mixtures of different pigments, and the 
analysis is often a complicated matter. In some 
cases, however, it is simpler. Thus, 
there is no difficulty in testing a sample 
of white lead for an adulterant such 
as chalk, o^ in determining the pro- 
portion of barytes and zinc in a sample 
of lithopone, or determining whether 
a sample of green f taint owes its colour 
to a mineral green or to an aniline 
dye. 

Physical Tests. The covering 
power of a paint is one of its most 
important properties. This will depend 
partly on the nature of the pigment, 
and partly upon the fineness to which 
it is ground. Tliis latter consideration 
applies esnecjaUy to materials such as 
barytes. It i.s not always economical 
to work with a cheap and coarsely 
ground sample; not only is its covering 
power much less, but it requires a 
larger proportion of oil for grind- 
ing. The fincne.s.s to which a paint 
is ground is usually tested in a very 
rough and ready manner — by the feel 
of the dry pigment betiJwn the 


or the dry pigment between the 
fingers, or by working it on a piece 8. OONE M 
of glass with a palette knife. Al- tegrator (P< 
though this test is not of much use 
111 determining the exact fineness of the grinding, 
it is useful in detecting particles of grit. To test 
the covering power, equally small quantities of the 
sample and of the standard are ground up with a 
quantity of oil, and spread as evenly as possible 
over glass plates of the same area. The relative 
power of the two samples to produce a good colour 
is noted. 

In additioq to the covering power, or body, it is 
sometimes necessary to tost the colouring power 
of the pigment. pW this purpose it is usetul to 
mix a Imown weight of the pigment with three or 
four times its weight of some indifferent white 

n * ^ment such as china clay. The higher the 
ourins power of the pigment in question the 
deeper the colour it will impart to the china clay. 
Some ptements, especially the aaffine lakes, have 
very hi^ colouring power, and only a very small 
quantity is required to give the necessary intensity of 
ookmring to tl^ base. Finally, there is the perman- 
enoe or durabiiity of th^ colour to be considered. 

•As a general rule the mineral oolonring matters 
are the most permanent, and stand exposure to 
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light and air better than any others; while the 
aniline dyes, although they give colours of great 
intensity, fade rapidly when exposed to the Hght. 

To test a sample for colour, it is exposed, together 
with a standard colour, in a thin layer, to sun- 
light^ and the fugitive or permanent character of 
the colour can be judged % comparison with the 
standard. 

Many of the mineral colours are largely adulter- 
ated by use of small quantities of aniline colours, 
and this test is of special importance for testing 
the genuineness of these articles. 

For many practical purposes it is essential to 
have some means of estimating the exact shade or 
tint of a colour. The “ tintometer,” invented by 
Lovibond, is the instrument generally used. 

Linseed and Drying Oils. Linseed oil 
is obtained by crushing and extraction from the 
seed. It is used more than any other for the 
purpose of mixing paints and is found specially 
suitable on account of its drying power. It appears 
that by absorption of oxygen from the air it is 
converted into solid substances, forming a tough 
skin, coating the stirlface on which it is 
deposited. For paint-mixing, linseed oil 
is required of different grades and 

a ualities. Raw linseed oil usually un- 

ergoes a refining process to remove a 
small proportion of albuminous and 
mucilaginous matter. 

For many purposes a quicker drying 
oil is required than ordinary linseed oil. 
and to produce this effect it is heated 
and air passed through it whereby a 
certain amount of oxygen is absorbed, 
and a product proouced somewhat 
thicker than linseed oil, termed boiled 
oil. The rate of drying can be ac- 
celerated by the incorporation of small 
quantities of certain chemicals with the 
oil, usually added in the process of 
boiling. Such substances are litharge, 
manganese borate, and other com- 
pounds of lead and manganese. 
A very small quantity of any of 
these substances stirred in and 
heated with the oil considerably 
accelerates the drying. 

L OR DisiN- Linseed oil is occasionally 
ows & Bate, Ltd.) adulterated with other oils, such as 
resin oil and mineral oils. A 
number of tests can be applied for detecting the 
presence of adulterants, such as specific gravity, 
flash point (to detect resin oils or mineral oils), 
and, in addition, certain chemical tests, such as 
the sulphuric acid test, iodine absorption, etc. 

Another good drying oil used to a certain extent, 
especially by artists’ colourmen, is poppy oil. It 
is very pale in colour, but much more expensive 
than linseed oil. 

ReAlil OiL This is obtained by decomposing 
resin, the residue left after distilling off turpentine 
from the crude The resin is placed in large 

cast-iron stills, which are connected with condensers, 
and distillation is carried on in the usual manner. 

The distillate is collected in separate fractions, 
of which crude resin oil is one, making up some 
85 per cent, of the whole distillate. It is refined 
with sulphuric acid and caustic soda and then 
re-distilU^ 

It is largely Aised in compounding a cheaper class 
of paints. It is not a drying oil, and has certain 
dis^vantam. After drying down by evaporation 
it has a tendency later on to become soft and sticky. 
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Thi« property especially reduces its value for 
paint>makiiig. As its specific cavity is *980 to 
*095 or higher, and that of linseed oil is about *932, 
the adulteration of linseed oil by resin oil is 
app^nt in the increase of specific gravity. 

ttesin oil is unsaponifiable — that is to say, it is 
not converted into soap by boiling with alkalies. 
In this respect it behaves alto^ther diflPerently 
from linseed oil, which is saponified like all other 
fatty oils. If a mixture of the two be boiled with 
soda, the linseed oil only will be saponified, leaving 
the resin oil behind, and the amount of the latter 
may thus be x)ractioally determined. 

Turpentitte. Turpentine, or oils of tur- 
pentine, frequently known as turp^^ is the 
product of distillation of the crude gum exuding 
from pine - trees. The distillation is generally 
carried on close to the spot where the material 
is collected. It is American, French, or Russian 


certain natural varnishes. As almost all varnishes 
contain resins or ^ms as the essential ingredients, 
we shall consider these first. 

Most people are familiar with common resin, or 
colophony f such as is used for rubbing on violin 
bows. This substance is the residue from the 
distillation of products which exude from pine- 
trees, when the bark is out or injured, and is left 
in the retort after the turpentine has distilled 
over. It has been mentioned above as yielding 
resin spirit and resin oil when distilled. It is, 
perhaps, the commonest of the rosins, and is largely 
used for making the cheaper varnishes. 

It varies in appearance and quality, sometimes 
being pale in colour and transparent (“ window- 
glass resin”), and at other times much darker in 
colour, sometimes almost black. These latter 
varieties yield correspondingly dark-coloured 
varnishes. 


in origin. The turpentines differ in quality, not 
only on account of the differences in, methods of 
tapping the trees and distilling, but also in the 
variety of tree from which the gum is derived. 

Turpentine is a chemical substance of the formula 
[see Organic Chemistry j. It is a 
mixture of a number of allied sub- 
stances having the same percentage 
composition. It is very light, its specific 
gravity being only ‘867, and this is a 
good test of its purity. It is very fre- ^■|||||l 
quently adulterated, especially with 
^troleum, shale naphtha, resin spirit, ■■ 
and coal-tar naphtha J 

The specific gravity of all these 
substances, witli the exception of the 
last, is higher than that of turpentine. 

The best method of testing the purity 

of a sample of turpentine, apart from 

the specific gravity, is to distil the 

sample fractionally, as the adulterants 

have a considerable effect on the 

boiling-point. Petroleum spirit 

and shale naphtha arc the low I I 

boiling hydrocarbons derived from I I ^ 

|)etroleums [see PetroleumJ. Rosin ■ I 

spirit is obtained with resin oil, I 

but comes over in an earlier 

fraction. Coal-tar naphtha con- 

sists ot the lower-boiling portions 

of coal-tar distillates [see Coal- 

tar Products]. Such substances g VERIK 

as these, mostly adulterants, are (Follows i 

to bo found on the market under 

fancy names. But, whatever their composition, 

they are not equal to turpentine for paint-making, 

and are more or less good or bad according to 

the constituents of which they are composed. 

Methylated Spirit. "In this place we may 
also mention methylated spirit as a useful solvent in 
varnish-making. Ordinary methylated spirit is a 
mixture of rectified spirit of wine and wood spirit, 
the former being ethyl and the latter methyl 
alcohol. In addition to this, small quantities' of 
}Tetroleum are added to make it nauseous and un- 
drinkable. It is an excellent solvent for most of the 
£esins, and is used in making the spirit varnishes. 

VamlahMb By far the greater number of 
varnishes are what are termed either o%l varnishes 
or spirit varnishes* They consist of resins in some 
form or another (usually termed gwm) incor- 
porated in the case of the former with linseed oil 
and turpentine, and in the case of the latter with 
- methylated spirit or a substitute. We may enu- 
merate, in addition, water varnishes, pyroxylin, and 
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For the bettor classes of varnishes (generally 
termed carriage and eabinette varnishes), gums 
of a better class arc employed. These are usually 
^ a fossil resins, and are much harder 
more difficult to fuse, but 
I f yield the very finest var- 

V nishes. Of these the following 

are the more important. 

FoMil Renins. The fossil 
resin amber is found in certain 
strata known as the Greensand 
Beds, which make their appoar- 
ance on the surface of the earth as a 
I narrow band, running from England 

across Holland and the Baltic [see 
Geology]. The amber is cither 
washed up from the sea, owing 
to the disintegration of the rock 
under the water, or else it is 
mined, as in some parts of Ger- 
many. Of course, amber 
mostly too expensive for use in 
varnish -making, but the aml)cr 
waste and inferior pieces form 
suitable material. 

The fossil resins mostly used are 
animi, copal, and kauri. Animi 
is the best varnish resin. It is 
found a few leet beneath the soil 
in tlie district of Zanzibar. It is 
usually identified by a peculiar, 
J. j^xer characteristic, wrinkled ap- 

Bafce Ltd 'I pearance of the surface, commonly 

called goose skin. 

Copal incluacs a number of fossil resins from 
Africa. 

Kauri resembles copal, and comes from New 
Zealand. 

Resins. Dammar is a resin which exudes from 
certain trees growing in Java. Borneo, and in the 
neighbourhood of the Straits Settlements. It is 
rather inclined to be soft and friable. In addition, 
we may mention sandarac, mastic, Manila copal, 
and, finally, the different varieties of lacs. 

The lacs are the resinous exudation of a number 
of different trees growing in India, China, and the 
Malay Archipelago. The exudation is caused by 
puncture of the bark by the lao insect {coccus 
lacca)* The commonest variety is shellac, which 
consists of the resin purified by heating and 
filtering through cotton cloths. Good qualities 
have bright orange colour. 

The other constituent of oil varnishes is 
linseed oil, which should be of the very best 
quality. 
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MAlUiiS VarnlAh. For 

the preparation of varnishes, 
the ^ni or resin is melted in 
a copper pot. The quantity 
taken varies in different works. 
In England, a common quantity 
is 50 lb., but in America, 
according to Sabin 
(“ Technology of Paint 
and Varnishes 100 lb. 

or even 125 lb. is the 
usual amount. This 
melting process, termed 
“ gum running,” re- 
quires very careful 
manipulation. A large 
quantity of inflam- 
mable gases are given 
off, amounting to at least 
25 per cent, of the weight of the ^m, so that the 
pots have to be provided with suitable hoods and 
draught to carry off the gases. In order to avoid as 
far as pomibie me danger of the gum catching Are, 
the pot is set on a Are fed from tlie other side of 
a partition. The temperature of the molten mass 
wm seldom he below 650° F. 

While the gum is being run, the liaseed oil is 
heated in a boiling pot to a temperature generally 
not exceeding 50u° F. The heating may be pro- 
longed for an hour or two. The oil is then run into 
the “ gum pot,” and thoroughly mixed, and the 
heating must be continued for some time, in order 
to brixm about a thorough action between the gum 
and oil If a drop of the mixture be removed 
'ifftmediately after mixing, and cooled on an earthen- 
ware plate, it will form a cloudy mass, owing to the 
separation of the gum from the oil. When the 
reaction between the gum and the oil is complete, 
a drop taken up will remain transparent on cooling. 
This test is useful as marking the completion of the 
process. According to Sabin, it is usual to take the 
temperature of the mixture as a guide to the 
completion of the reaction, it havmg been previously 
determined by preliminary experiments how long 
the two must be heated together in order to procure 
a complete interaction. As a general rule, the 
larger the proportion of oil to gum the longer the 
beating requir^’ 

After the mixture has «iuflficiently cooled, it is 
gradually thinned with turpentine. As the thinning 
cannot be done cold, ana the turpentine is very 
volatile, the thinning shed should be situated away 
from any Are or Aame of any kind, for fear of the 
heavy vapours of turpentine given off catching Are. 
Instead of tiffpentine, benzene is sometimes used, 
but it produces an inferior product. The varnish 
is not nt to use at once, but has to be stored for 
twelve months or so in iron tanks, where it matures 
and a sediment settles out. 

The proportion of resin to 
oil varies very considerably, 
according to the 
type of varnish 
we desire to 
prepare; 25 
gal, or 30 gal. 
of oil to 100 lb. 
of resin, and 
about 40 gal. 
of turpentine, 
may oe taken 
as a fair aver- 
12. BOLLEB OBOrDmo MILL, age for the best 
8IDX VIEW yamishes. 
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Spirit Vamiakea. 

These may, or may not, 
contain tt small qpantity of 
oil. If they do contain ofl, 
they are mode on the 
same lines as the oil var- 
nishes. Ordinary spirit 
yamishes are merely solu- 
tions of the resin in spirit 
Of course, many of the 
resins are not sufficiently 
soluble to give spirit var- 
nishes. Those commonly 
used are shellac, sanderac, 
mastic, and common resin. 

L#ac<|uera. Common 
lacquers are usually solu- 11. VEBIICAL MIXES 
tions of shellac in suitable 

solvents, with the addition of a small quantity 
of colouring matter, usually an aniline dye. Be- 
oently they have been replaced by pyroxylin 
varnishes, which consist of a solution of pyroxylin 
[see Guncotton and Celluloid] in amyl acetate, 
with the addition of a small quantity of resin. 
These pyroxylin varnishes can also be coloured, 
and are suitable for lacquering metal, wood, and 
other substances. They also serve as a medium 
for the bronze and aluminium paints. 

“ Galuvos ” is a lacquer belonging to this type 
which has recently been put on the market. It is 
manufactured in four varieties, three of which are 
coloured, corresponding to the primary colours red, 
blue, and yellow, while the fourth is a colourless 
preparation. By suitable combination of two or 
three of the primary colours, any desired shade of 
colour may be obtained, which is then diluted to 
obtain the required tone by means of the colourless 
varie^. A table has-been prepared by the makers, 
the Metallic Composition Company, showing the 
proportions required to proauce the ordinary 
shades, thus : three parts of primary yellow and 
seven of primary blue, give emerald green ; or 
again, four of primary red, reight of primary blue, 
and eight of primary yellow, give olive green, and 
so on. The coatings produced are tough and damp- 
proof, and become extremely hard and resistant after 
being stoved. 



Protective Painte. Asphaltum, which is 
a native bituminous substance [see Geology], can 
be used as a black varnish by dissolving it in coal- 
tar naphtha or turpentine. It is recommended 
as an anti -corrosive paint for metals, ironwork, 
bridges, girders, and other structures where iron or 
steel surfaces are exposed to the atmosphere, and 
require to be coated with some sort of anti-corrosive 
paint in order to preserve them from rust. Many 
different kinds of 
roteotive paints 
ave been tried, 
and a considerable 
amount of ex- c 
perience accumu- 
lated. It is essen- 
tial that the surface ^ 
should be clean and 
dry, as rust has 
often been found to 
form underneath a 
coating of paint. 

Mill scale, the oxide 
of iron coating, 
commonly found on 
freshly wrought 13. BOLLXB OBINDINO MILL, 
ii’on and steel, viewed from above 






should also be removed. This is accomplished 
nov^adays by means of a sand blast. It is usual 
to give the iron a coating of red lead in oil, which 
of itself appears to possess considerable protective 
power. But at other times, it apparently fails in 
its object. 

A cheap anti-con*osive coating may be prepared 
from coal-tar products — that is to say, solutions of 
coal-tar pitch in coal-tar naphtha. These have 
been used with some success, but care must be 
taken that none of the coal-tar acids or crude dead 
oil [see Coal-tar Products] hnd their way into the 
paint. A good anti-oorrosive paint, possibly of 
a similar nature, is now on the market and known as 
“ Siderosthen.” A large number of tests have been 
made in the United States by immersing sheets of 
metal, coated with anti-corrosive paints, in the 
waters of Lake Cochituate for several months at a 
time. From the result of these and other tests, 
Sabin recommends a varnish in which the propor- 
tion of oil to resin is high as the best coating for 
(he protection of steel structures. Pigments can 
Ix) worked in with such a varnish, producing varnish 
imiuts of great beauty and resistant action to the 
moisture of the iitmo- 
spliere. 

Many of the anti-cor- 
losive imints sold con- 
sist of nothing but IK) 

])er cent, of oxide of ii*on 
ground in linseed oil. 

Distempers. These 
consist of water j^aints, 
and the coat is, to a 
certain extent, water re- 
sistant, and therefore 
washable. The names 
of the makers of these 
washable paints are 
given on page 103d. 

Such paints are fre- 
quently made with casein, 
the albuminous consti- 
tuent of milk, and con- 
tamed in the watery 
liquor after the icmoval 
of the fat. A description 
of casein is given under 
“ Glues and Adhesives,” 
but we may mention here that casein is itself 
insoluble in water, and requires the addition of 
an alkaline substance, such as soda, ammonia, or 
borax to dissolve it. Where the distemper is sold 
in the solid form, as powder or paste, the pigment 
IS incorporated with the right proportion of casein 
and alkali. Tf, now, the alkali chosen be ammonia, 
this will gradually diffuse and evaporate into the 
atmosphere, when the paint is spread in a thin layer 
over a large surface, leaving the casein behind in 
the insoluble form. The particles of pigment will thus 
bo knit together by a medium msomble in water, 
so that the surface covered by the paint is washable. 
I’here are other means of rendering the casein in- 
soluble ; thus with slaked lime it gradually sets to a 
hard water-resistaitt mass, and these substances may 
be found inmany distemi)ers. The slaked lime, which 
m the presence of water has helped to dissolve the 
casein, gi*adualiy absorbs carbonic acid from the air, 
forming calcium carbonate, with the ‘separation of 
the casein in the insoluble form, just as in the 
case of the ammonia casein already described. 

Various Polishes. Although polishes no 
doubt protect the surface of wood, or other sub- 
stances polished, they are more often used to improve 
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the look of the object and give it an attractive 
appearance. 

Fretieh polish is made, according to Standage, as 
follows : oz. finest shellac is dissolved in 25 oz. 

of alcohol (96 per cent, strength), 1 oz. of a natural 
colouring matter, known as dragon’s blood, is 
dissolved separately in 25 oz. of alcohol, and the 
clear solution pour^ off from the sediment into the 
first liquid containing the shellac. The liquids are 
mixed, 7f grains of turmeric added, and the whole 
allowed to stand twenty-four hours, after which it is 
filtered. Of course, there is as much to be learnt iu 
the method of applying the polish os in making it. 

Furniture polish may bo made according to the 
foUowing recipe : 1 oz. of beeswax, | oz. of white 
wax, and 1 oz. of Castile soap, the latter shredded 
very fine, are heated in a pint of boiling water. 
When cold, i pint of turpentine and J pint of 
spirits are mixed in. 

Metal Poliah. To brighten the surface of 
metals, whiting or chalk finely ground is mixed 
with colcothar (an oxide of iron), and made into 
a paste with a little soap and oil. Ammonia on a 
rag will often prove effective in cleaning tarnished 
brass and other metals. 

Boot Polishes. 
Like all other var- 
nishes and polishes, the 
primary use of a boot 
{lolish should be to pre- 
serve the leather under- 
neath. Nowadays, boot 
polishes are judg^ by 
other standards, parti- 
culaily by the bril- 
liancy of the polish 
obtainable. This will 
be better realised when 
we say that many boot 
polishes as now manu- 
factured are innocent 
of any fatty or oily 
constituent, and fre- 
quently contam small 
quantities of acid, which 
exert a destructive 
rather than a preser- 
vative action on the 
leather. 

The small quantity of oil contained in the polishes 
soon loses its effect when boots ai*e worn in wet 
or snowy weather. The vegetable waxes used in 
some polishes work well in this respect, but fatty 
substances interfere with the production of a high 
polish, and their use is, in consequence, very limited 
(Andes). All boot polishes must conform to the 
following essentials ; 

(a) Give as high a polish or shine as possible, 
when brushed. 

(b) Be of a good black coloiu:, or else pale 
transparent hue for brown boots. 

(c) Dry hard, so that the polish will not soil or 
come off on the clothes, 

(d) Contain only a small quantity of acid, so as 
not to destroy the leather. 

(c) The materials composing the polish must be 
regularly and imiformly mixed, so that a small 
quantity of polish will cover a large surface of leatlxC*. 

Black and Brown Polishes. Boot 
polishes are largely coloured with aniline dyes. 
For brown polishes they are almost always used. 
Lampblack or other animal or vegetable black 
may be used in compounding blacking,” but 
as often as not aniline dyes arc used, especially such 
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as liavo an intense violet colour indistinguishable The shellac is dissolved in turpentine, and after 
from black when applied in the form of a ]K»lish. removal from the lire the nigrosine in spirit is 

Blacking frequently contains sugar or glucose in added (Andes), 
some form or another, usually more or less oai*amel- This is recommended as an excellent varnish 
ised by treatment with sulphuric acid. Sugar much for black leather, 
improves the polish, but the effect soon goes off VI. 

if too much BU^ has been used, as it is “delique- Wax polish prepared according to Brunner The 
scent” — that is to say, it attracts moisture from Manufacture of Lubricants, Shoe Polishes, etc.”): 

the atmosphere^ The same considerations apply to Yellow wax 60 parts 

glycerin, a not infrequent constituent of polishes. Oil of turpentine 6 „ 

"We cannot do better than give a list of some Potash 10 „ 

of the more common constituents of boot polishes These are melted together and treated with 
and blackings ; sugar, 10 parts; water, 600 -parts. The resulting 

Aniline dyes and mineral colours. mass is stirred with enough lampblack to colour 

Gum arabic. it deep black. 

Swedish tar ,* coabtar, and asphalt. BOOT CREAMS 

Glycerin. ,,,,,, I* BroM*n CVeam. 

Animal charcoal, or bone-black substitutes. Paraffin 25,400 parts 

Molasses and sugar syrups, grape sugar and Soap.. .*.* .*.* .*.* .. .. .. ,*.* ^3,176 

starch paste. Glue jeliv (say, 10 per cent glue) .. 1,816 „ 

Paraffin— spermaceti. Water 0,800 „ 

Linseed oils and fish oils. Oil ^ 2,060 „ 

Shellac. . , Bismarck brown (aniline dye) .... 70 „ 

Lard, stearine, tallow, and other fats. Soap and glue are boiled together in water, and 

Turpentine, ptrolcum jelly, and high-lwiling the liquid dyed ^ith Bismaick brown, and mixed 
hydrocar^ oils. with the rest. 

Waxes,* especially beesM'ax, carnauba wax, Japan IX. White Cream, 

wax and ceresin. White beeswax 4 parts Turpentine.. 8 parts 

Sulphuric acid, acetate of iron and other chemicalK. Carriauba wax 1 „ Water.. .. 12 

The machinery used for incorporating the in- ’’ Potash ! ! ! ! J !! 

gredients arc the same or similar to those used if white beeswax be replaced 1)^ the ordinary 
m paint manufacture, such as mixers [9] and yellow wax, a yellowish cream is obtained. Or by 

grinding rollers [14]. the addition of suitable dves and soap in the 

Recipes. In what follows we give recipes from place of potash, brown or black creams can lx‘ 

well-known ^ prejiared. Nigrosine is a suitable black dye to 

BLACKINGS ijge in these mixtures. 

^ « ,1 t . Leather Creates. Tliere are a number of 

Beeswax.. .. 10 parts Bone-black.. <> parts preparations which have for their object the 

Spermaceti .. 66 „ Prassianbluc 2 rendering of leather soft and supple, with a view to 

Turpentine . . 60 „ l>iitrobenzene 1 „ jts preservation, and a No to render it water 

Asphalt varnish 5 Borax . . . . 1 .. resistant 

The wax should be melted, and the borax added xi^e following formulie arc given by Brunner : 
and stirred in. The spermaceti and asphalt HA.RNESS C.’ RE \8F 

\.imish are melted separately, and the turpentine ^ 

added. After thoroughly stirring, add the wax, ^ 

Finally add the colour, well rubbed down, and the 1 

i-enzpne (Standage). ;; ;; ;; ;; ;; , ;; 

^ne-black .. ^ parte Sulphuric acid 1 part The other jncredicnta are di^Kolvecl in the water 

vi’ I " ” GlJve oil.. ..J „ incorporated with the raj>e oil by thoroughlv 

The black and the syrup are mixe.^ and the oil ; j ^ 

add^, then the acid a little at a time. Fiimlly consisW- 

dilute with water to the nght conaiatency (Andes). WATERPROOF GREASE WITH GLOSS 

Motasscs . . 100 parts Dextrin . . S'.'i parts | 

Vinegar.. .. 26 „ Bone-black 30 „ 7 i 

Alum .. .. 3 Lubricating oil 7*5 ,. j>ampbl^ack .. 3 „ 

This is a German patent, No. 104. 749. turpentine 6 „ 

ly Iish oil 20 .. 

I -5 parte white wax mixed hot with 15 parts sper- ^he wax is dissojv^ in the tur,>entine by ^ntly 
macetC and 2 parts linseed oil and 1 partmolasU, the soap i« then i^ded m the form of thm 

the mixture l£^t at 110-120<> C., ind 1-3 parte »fter th» the flA oil, stdl keeping the 

of lampUaok 2-8 parts of tnrpentine akd. lampblack. 

Finally add a solution of -02 parts of anfline violet VASELINE GREASE FOR BLACK LEATHER 

and <15 pa^ of shellac in *35 parts of alcohol. Vaseline 100 parts 

Tliis pdidi dries somewhat slowly, but is a better Jjampblack 5 „ 

preservative lor leather than most other blackings Prussian Blue 5 „ 

(Nico^et). Some of the vaseline is melted and incorporated 

V. with the lampblack and Prussian blue in an 

Beet shellac . . 8 parts 95 per cent, spirit 38 parts enamelled iron pan by stirring until a uniform 
French tnrpen- mixture is obtained, and the remainder of the 

tine •. .. 8 ^ Nigrosine vaseline is added by degrees, keeping the wax 

(aniline dye) } „ stirred all the time. 

^ Coniinued 

5199 



VALUING 

Occasions Demanding Valuation. Procedure. Preparing the 
Report Inwood*s Tables with Examples. Set^g up in Businesa 


Group 7 

AUCTIONEERING 
AND VALUING 
2 

Continued Item pa 4 i^ 408fl 


By JOHN COX 


THE practice of valuation may be said to be the 
* natural concomitant of the auctioneering pro- 
fession, for the exercise of the one naturally calls 
for a knoMrledge of the other. The term valuer 
in its ordinary acceptation signifies a person who 
is competent to form a sound opinion as to the 
value of any conceivable article or commodity, 
and a like accomplishment in respect of real estate 
or any interest therein. 

It will be seen that the field encompassed is of 
the widest possible description, and it naturally 
follows that expert universal knowledge of values 
cannot ]K)ssibIy be claimed. One finds in 
practice that there exist valuers who have made 
a life-long study of the various specialities, and we 
therefore have competent appraisers of pictures, 
china, silver, antique furniture, and so on. 

It may here be said that what we may term the 
general practitioner should never commit himself 
to an opinion as to the worth of what he may 
suspect to bo an unusually valuable item. There 
is a very powerful argument in support of this, for 
there is a fashion which governs the market price 
of articles of vertu as in other commodities ; and 
as the paintings, statuary, or what not of a particu- 
lar master are to-day sought after, so the public 
taste pciiodically inclines in quite a different 
direction. 

Ah an instance of the diversity in values, when 
dealing with pictures at a recent sale, “ The 
Standard Bearer,” by Meissonier, which had sold 
in 1877 for £787, realised £2,625; while Gains- 
borough’s ” Duchess of Grafton,” a small oval 
Vi Inch had sold in 18vS4 for £556, only realised 
a hundred guineas. Again, Landseer’s ” Prize 
Calf,” which sold in 1863 for £1,890, hammered to 
only £1,430 when ‘offered two years later, and in 
1901 fetched but £441. Similarly, Millais “Cuc- 
koo,” which in 1884 brought £1,995, was valued at 
but £1,627 lOs. seventeen years later. 

One might multiply such instances indefinitely, 
but the foregoing will prove conclusively that 
the prices of yesterday arc scarcely any criterion 
of the prices to-morrow. As a general rule, there- 
fore, it is the wiser policy to consult the opinion 
of a specialist in the matter of values of subjects 
which may be suspected of extraordinary worth. 

Occasions Requiring Valuation. We 

may here consider the occasions for a valuation 
and the purpose for which one may be required. 

^OBATE Valuations. Probate valuations, 
which are, perhaps, the most common, are called 
for on the proving of a will. The whole of the 
real and personal property of a deceased, not 
entailed, are comprised in the probate valuation, 
the purpose being that the succession duty may 
be jiroperly assessed. 

Mortoaoe Purposes. Before advanciag funds 
upon mortgage it is usual to retain the services of a 
valuer, who must report fully as to the worth of 
the proposed security. The greatest care is called 
for in these matters, because a valuer renders 


himself liable to an action should the mortgagor 
default and the pro^ierty, upon being sold, fall 
short of realising the amount lent upon it, if, 
indeed, it can be shown that the funds were 
advanced upon the strength of an exaggerated 
valuation. 

Partition. In splitting up portions of an 
estate for succession or other purposes. 

Landlord and Tenant. The valuing in of a 
tenant who takes trade or farming stock and 
fixtures, growing crops, and the like, from an out- 
going pai’ty, is usually carried out by the appoint- 
ment of tw'o valuers, one employed by the incomer 
and the other by the ontgoer. The inventory 
having been taken, the valuers meet upon the 
pro])erty and agree as to the pi Joe to be ])aid or 
allowed. 

Gompensation, or Compllsory Acqurement 
Purposes. Upon the taking of any lands or 
hereditaments by a railway or other undertaking, 
the service ot a notice to treat under Parliamentary 
powers is the opening of the negotiations. The 
party upon whom the notice is served instructs a 
valuer, who proceeds to appraise the property to 
be acquired in the ordinary way, with the exception 
that the valuation is increased by the addition of 
10 per cent, thereof for “ forced sale ” or severance 
of the interest. The valuer’s fees in these cases 
are paid by the body taking the property. 

Dilapidatiovs. a valuation of dilapidations 
is very often called for in the case of the termination 
of furnished house lettings. 

Valuation of Portable Property. It 

would hardly he possible to lay down direetions 
for the process of valuing ]iortable proj^ierty ; but 
it is sufficient for the moment that the lines upon 
which the valuation is carried out be indicated. 

Firstly,' then, as concerns such property as 
household furniture, the valuer must draw upon his 
auction-room experience for aid. If will be found 
that a very short but intimate acquaintance with 
auction sales will give one a very useful insight 
into the values of everyday articles, but it is 
obviously impossible to place old heads upon 
young shoulders in these matters. It should be 
understood that, as a general rule, tlie value of an 
article is what it will fetch m the 0 })eu market — 
that is, the “ auction price.” The valuer does not, 
except in specialised articles, concern himself with 
a fancy value, but deals strictly with intrinsic 
worth, relying solely on his knowledge of the 
markets. It is the practice on every occasion to 
make an inventory of the goods with the values set 
down in the proper column of the inventory 
book, a character or private mark being usually 
employed. The inventory is summarised at the 


end of the entry, as follows : 

Furniture £ 

Statuary and ornaments, . £ 

Silver and plated ware . . £ 

China and glass . . . . £ 

Wines £ 


5151 






AtfOnONSSIIIMQ AND VALUINQ 

A report as to the value iw then prepared in 
the following form : 
rc T. Michards Esq,, Iked, 

VALUATION far Estate IhUy of (he 
Furmfitrc rf* General Effects in and upon 
the premists knotni as “ The Manse,*' 
Caterham Valley, Svrrey, late ike property 
of Thomas Richards Esq., Deed, 
SUMMARY 

FumifHrc, Statuary, Ornaments 
and General Effects £2,817 14 


SUver plated \mrc 

JeueUery 

TAina dc Glass 

irinc« 

Horses, Carriages, Livt 
Stock 


<(• Dead 


492 6 
890 0 
89 10 
450 0 


sum to lie expended on the property forthwith 
before it can be expected to return a proper revenue? 

(8) In what degree does the law of supply and 
demand operate upon the interest ? 

Having given due consideraiion to these factors, 
the valuer must consider under what percentage of 
return he must make his calculations, and as regards 
the rates the table on this page will be found 
generally^plioable. One oftendeals with the values 
of weekly class projierty, and in arriving at the net 
annual income, we give a table which will be useful : 

Proportions of Outooinos to Rack Rent 
Ground rent UK to ^^^th 


Insurance 


312 0 0 
£5,051 10 0 

LONDON, May 2nd, 1906. 
TfiC above, morr particularly enumerated in an 
Inventory made this day, arc mined for the purpose 
of Estate Duty at the sum of Five thousaiud and 
fifty one pounds ten shill itigs, 

ED. JAS. CARPENTER, 

Auctiemeer, tkc., 

£5,051 10 Osi^ 680, Barbican, E.C. 

Valuation of Real Eatate. We now 

arrive at a branch of valuation which 
is capable of being dealt with upon 
established principles — namely, the 
Valuation of real property. Apart 
. from local factors, which favourably 
or otherwise operate upon values, 
we here call into use the valuation 
tables, more commonly referred to as 
imeood'e Tahfes. 

The.se tables are a collection of 
ascertained numliers, &howing the 
number of year*' purchase of a net 
annual income arismg from a pro- 
perty, and which may be given for 
that property, in order that a pur- 
chaser maj' recei\e a fixed rate of 
interest, together with the return of 
his capital within the f)eri(Kl during 
which the property or liis interest in 
it shall endure. A reference to the 
tables will show that they apply to 
certain and uncertain interests, to the 
value of an interest in reversion, to 
the amount of premium payable for 
a lapsed lease, and so on. 

In beginning a valuation, the prime 
factor is contained in the answer to 
the question : \Miat is the net annual 
income a purchaser will get from the 
l>roperty under notice ? The answers, then, to 
the following questions i^ill form the groundw'ork 
of any valuation : 

(1) What is the nature of the interest I am 
valuing ' 

(2) What amount will the purchaser receive ? 

(3) For how long will his interest endure ? 

(4) What rate of interest must he have ? 

(5) How long— if at all — will it be before he 
begins to take nis income ? 

' (fi) What is the present value of any capital 
amount he may have to pay in respect of wnich « 
allowanoe must be made 7. 

(7) la the condition of the property such that 
from the valuation must be deaucM a stated 
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Land and other taxes 
Repairs, average annual . 
Rates and Taxes : 

House Duty 

Poor Rate 

Consolidated and (Jene 
ral Rate . . 

Water Rate . . 


Contingencies, say 
Management 


Is. 6d. to 2s. 6d.% 
value of building 
2^0 
10 

4 ^> 

lO o 
/(> 

7y'o 


Say, about 50 of gross rent 


1 MARKET RATF> OF INTEREST | 

CImha 

IntifreMt 

’ItWs 

pnrili I'll 

RtOiioji ff>i bUt<d Interest 


Agricultural land 


Accommodation 

land 

Kipe building land 

Ground rents, well 
secured freehold 

Do. other freehold 

Do. leasehold 

Freehold houses : 
Superior 


Inferior 


Leasehold houses : 
Superior . . . 

Inferior . . . 


to 


to 7% 20 to 14 


to 10®, 


12 to 10 


Safe security, sought by 
wealthy jiersons for the 
socml petition it gives. 
It IS, as a rule, underlet, 
and will increase in value 


These sell to pay thestated 
rates of interest because 
of the security belug 
from five to ten times 
covered, and the invest- 
ment increases yearly in 
\alue 

Sell tQ pay the stated rates 
because the security is 
not, like leaseholds, sub- 
ject to vexatious repair- 
ing covenants and de- 
preciation in length of 
holding 

Outgoings to be paid, 
let or not. Restric- 
tion from free dealings. 
Limited nature of the 
interest. 


By “ compounding ” for the payment of rates an 
owner may save from 30 jier cent, to 25 per cent, 
of them. 

Iiiwood*A Tables. Turning to Tnwood's 
tables, we will briefly refer to the uses to which 
the more important of them are put. Table 1, 
it will be seen, enables one to value a lease or 
property for any number of years at rates of from 
3 per cent, to 10 per cent, interest. Thus, a lease 
for 60 years to make 7 per cent., and to wt back 
the principal is worth 13*801 years' purchase of 
the net annual income. 

Table 2 enables the valuer to ascertain the 
number of years’ purchase he may give for an 
interest secured by a life deduced ^m mortality 
observations made at Northampton. Thus, a 
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lease or annuity to endure for the term of a certain 
“ life ” may be valued by means of calculating 
on a person’s present age. For example, an interest 
secured on a life aged 20, to show 0 ])er cent., is 
worth 12 ’398 years’ purchase of the annual net 
income. 

Table 3 is substantially the same as Table 2, 
but is based upon deductions made at Carlisle. 
On this table, the interest last referred to would 
be worth 13*835 years’ purchase, because the 
Carlisle rate of mortality is not so great as that 
of Northampton. 

Table 4 shows the present value of £1, due at 
the end of any number of years, exi>ectant upon 
the death of a person of any age, 

I'ho tables then follow on, dealing with various 
contingencies, until we reach the next most useful 
one — Table 17 — which shows the present value 
of a reversion to a perjX‘tuity after the expiration 
of any number of years not exceeding 60. It 
may be noted that any interest deferred a greater 
])criod than 60 years is not considered valuable. 
This table is used in valuing freehold ground rents 
where the reversion to the rack rents is getting 
considerable. (See example.] 

Smart*8 Tables. Upon somewhat similar 
lines the tables proceed to deal with the value of 
reversions to jierpetnities secured upon various 
lives. Smart’s five tables of compound interest 
are then given, and these are of very great assist- 
ance to the valuer. 

The first table shows the amount which £1 will 
make if put out to interest at the several rates of 
percentage for any number of years. It will be 
( lear that this table enables the valuer to calculate 
the immediate capital outlay necessary to jirovidc 
for a contingency at the expiration of any period. 
For example, if we buy a house for £500, the 
lease of which will fall in in 60 years, and desire, 
by making a payment now', to secure the return 
of £500 in 60 years, we find that £1 invested now 
at 3 y)cr cent, comjiound interest equals 5*89 in 
60 years. 

Therefore, £500— 5*89 w'ill equal the amount 
required to be laid out now to return the capital 
at the end of the jaTiod. 

The second table tieats with the present value 
of £1 due at the end of any number of year.s For 
example, if we know that at the end of 20 years 
wc shall have to pay a premium of £100 for the 
renewal of a lease, we know by reference that the 
amount to be deducted from the present value of 
a property with such a condition attaching to its 
purchase will be, on the 4 per cent, table, £100 x 
•4564 == £45*64. 

The third tible shows the amount of £1 per 
annum in any number of years. For example, 
suppose we have a leasehold house with an un- 
expired term of 80 years, and desire to put by an 
annual sum which • will return the amount we 
I)aid for it, say £500, when the lease falls in, we see 
that if we put by £1 per annum at 3 ])er cent, 
interest wc shall have £321*36 at the end of 80 
years, so that £500 -7- 321*36 will show the exact 
annual amount to be laid by. 

The fourth table shows the present value of 
£1 per annum for any number of years. This 
table is practically identical with In wood’s Table 1, 
and shows what amount must be })aid for the 
stated income at the required rates of percentage. 

The fifth table shows the annuity which £1 
will purchase for any number of years. Thus, a 
lessee taking premises at £100 a year on a lease for 
21 years pays a premium of £300, and desires to 


know the annual amount at which he “ sits,” or 
his sitting rent. If he were to lay by his £500 
at 5 per cent, interest for 21 years he w'onld be 
getting £*0780 per annum for each £1, so that he 
pays, in fact, in each year £*0780 x 300, in addition 
to his rental of £100, or in all, £123*4 per annum. 

We need not, for our present purpose, pursue 
the tables further, but will conclude with a few 
brief examples, which may serve to show' the 
method of getting out the values of pro])ertics 
more ordinarily met w'ith, following our rule always 
to .arrive at the net annual income, and carefully 
settling the rate of interest. 

UXAMPLIN 

Value 20 acres of freehold agricultural land 
l(‘tling at £2 ]kt acre ]>er annum. 

3 Per C’ent. Tat3Le. 

20 X 2 — £40, nei annual income. 

40 X 33 '333= 1333*32 

or £1,333 6 8 


Value 20 acres of accommodation land, letting 
at £4 )ier acre per anniiiii. There is a tithe rent 
charge of £.*> per annum on the w'hole. 

4 Per ^'E^T. Table. 

20 X 4 = 80. £80 = the gross annual 

income. 

Deduct lithe rent charge 5 

£75 = net annual income. 

75 X 25 = £1,875. 

Value, say. 12! acres of rii>e building land 
situate on the borders of a rapidly rising town, 
and })ossessing a main and }>arish road w'itli avail- 
able building frontages of 3,000 ft. 

This may be taken all round at £5 |)er foot 
frontage, it being safe to assume that a })lot of 
30 ft. frontage would let at £7 10s. per plot ground 
rent, thus showing a 5 per cent, investment, so 
that we have : 

3,000 V 5 ^ £15,000. 

What is the fee simple, or freehold value per 
acre of land which for ten years will remain agri- 
cultural land worth a rental of 30s. per acre }>er 
annum, for the second ten years will be accomo- 
dation land worth £3 iier acre |)er annum, and 
after that time will be ripe for building operations 
and command a ground rent ot £10 per acre per 
annum ? It will be ten years before the whole 
of the land is developed and the full ground rent 
secured. 

Here we see that a purchaser would get out of 
the agricultural land £1 10s. per acre for ten years : 

Agricultitral Land, 3 Per Cent. 

£1 10s. j)cr acre jier annum for 10 years = Value 

1*5 A 8*530 years' purchase = 12*795, ptT acre. 

or, say . . . . . . . . . . £12 15 0 

Next we have 

Accommodation Uand, 4 Per Cent. 

£3 per acre })er annum for 10 after 10 

years (see note below] = 3 X 5*479 = 

16*437, or, say 10 10 0 

We have now disposed of the matter so 
far as regards 20 years of the period, and 
w'e now come to 

Secured Freehold Ground Rents, 

34 Per Cent. 

We see that a purchaser will be getting 

not £10 per acre at once, but at the cud of 

Forward 29 5 0 
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Forward €*20 5 0 
lO after 20 y<'arR. Tlio average annual 
inroine for tlie ]>erio(l nuist In' dedneod. 


This 

i« aiTi\ed at as follow* 


F«w tbe 

1st vear Vr, of £10 - 

£1 


2nd year of 

10 -- 



3rd year ,Vof 

10 

.3 


4th year of 

10 - 

4 


.7th year ,‘V of 

10 - 

.7 


thh year W, of 

10 - 

6 


7th year fV of 

10 

7 


8th year of 

10 - 

8 


0th year of 

10 

0 


10th year a whole 

10 - 

10 


1’ot 

al 

£55 


.*».■> 10 — o'o or £o lOv., Ooinjz tlip 

.worage annual ;j;round rent for the 
term. £o 10s. \)or aiininn for 10 
after 20 years - fro < 4* ISO years' 
purchase = 22*00, nr .. .. . . 2 1 0 0 

Fa'^tly. after the lapse of ,’10 years tlu* 

]nir(‘liaser heoins to receive the full 
irround rent }>er acre, so that: 

SEf t REU Freehold (Iround Kexts, 

3.\ Per Cent. 

I’lO jK' annum, full annual ground 
rent, in ]>eri>etnity after .'lO year'> 

-- 10 X 10*170 years’ piirclnse ^ 
lOTTO, or, say . . ‘ 102 J1 0 

So that the ])resent value of the land is 

|>er acre ..£104 o 0 

The method of gettinp; out the year's ^nir- liast* 
for a term after a term is by Ukinj: the year's 
purchase ecpiivalent to the sum of the ]X‘rioils 
and deducting therefrom the equivalent of the 
greater of the ])eriods. For instance, in the first 
of the above-mentioned we have 10 after 10 years. 
On the 4 i>er cent. Table, the equivalent of the 
sum of the two, that is 

20, is .. .. .. 1.3 *.100 years' ])urchase 

and 10 years on the same 

tablets .. .. .. Sill „ „ 

T)< ducting^ we get the 

equivalent of 10 after 10 5*470 ,, ,, 

The method is the same in the other instances. 

V alue a freehold ground rent of £50 p<T annum 
abundantly secured upon well-built pro]K'rty in 
the Strand, London, of a present annual value of 
I’tKX) per annum, with reversion to the rack rents 
in IK) years. 

Here we have an excellent security, and value 
simply u])on the 3 )^r cent. 'J'able. 

;50 X 33*333 “ 1060*05, or, say .. £1.000 10 0 
Where, however, a freehold ground rent has itv 
reversion to the rack rents in a less peiiod than 00 
years the reversion is a considerable factor. Tbe 
ground rent is valued tirst as a well-secured income for 
n term, with the addition of the reversionary value. 
Say, for example, if in the foregoing instance the 
reversion to the rack rent were distant but 10 years, 
the working would l»e : 

WEi.i.-sErrRKi) Freehold (^r(*uM) Rent, 

3 Per Cent. 

£.">0 per annum for 10 years .70 x 
S-.730 -= 420-.7, or, say .. .. £420 10 0 

Although in ordinary instances wc 
should treat the reversion upon the 
5 per cent. Table, yet here we have such 
an exceptionally fine reversion that we 
fleal w ith it u|K)n the 4 y)er cent. Table. 
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Freehold Prottrtv. 4 IOor Cent. 

Rack rent £000 per annnm in ))er- 
ju'tuity after 10 years — 000 x lO'SSO 
years’ purchase — 10133*4, or, say .. 10,1.3.‘^10 0 

Fidl valu(‘ .. ..£10,500 0 0 

Value an income arising out of a property held 
for 00 years at a head rent of £2 and und(‘r- 
lensed for the full term, less one day, at £20 per 
annum. 

Leaskhoi.d (Ground Rent, 5 Per Cent. 

€20- £2 head rent ^£1S. 18 x 18*029 

---340*722, or, say £340 15 0 

Where the intoi(‘st is diorler the table used is 

biglier, this class of security st'lliug to pay from 
5 per cent, to 0 pei* cent, according to the duration 
of the interest. 

Where the property is not \inderleased for tlu' 
full term th(' reversion, if less than 00 years distant, 
is taken into account, and valued upon the select(‘d 
table at the full net rental, after llic term for w’hicli 
it is underleased, the years’ puri ha'^e being made 
out as previously shown. 

Value a well-built fieebold house let upon a 
throe years’ agreement at £00 ]>or annum, situate 
in an established liondon suhurb. 

Here we have to take the gross rental, and juake 
(h'duetions for eont inceneies : 

Cross value .. .. £00 0 0 

.U/otr : 

For repairs, 10 ])er cent., £<i 
„ cm]>ties, one (piarter's 
rent in every 3 ye 
per annum . . £5 1 0 0 

Net ineome.. .. 40 0 0 

We value upon the <1 per cent. 'Fihle, and have 
40 X 10*007 ^ 810*(>83, or, say. £810 10 0 

The procediu’C in the ease of a leasehold house 
wordd be, assuming that the property were let at 
£t»0 jx'P annum, hut that there were a ground rent 
of £10 with a term of 55 years to run : 

Leasehold Hoi si: PnorERTv, 7 Per Cent 

(b oss value ., ., .. £t}U 0 0 

J//oir .* 

(bound rent .. £10 

Outgoings as before II 21 0 0 

,30 0 0 

Net annual iueoaie £30 for 55 years 
- 30 y 13*140 -543*072, or, say ^ . . £544 (I 0 


Where such a eontingoney as the putting into 
repair of a property, the payment of road-making 
charges, and so on, ne('essitat ing an immediat(‘ 
capital outlay, has to he provided for, a deduction 
is made from the amount of the valuation of a 
sum estimated to he sufficient to cover the outlay. 

The a})ove e\am])les should have made suffi- 
ciently clear the lines u))on wliich the correct 
valuation of the interests more ordinarily met with 
should be conducted. 3’h(‘ main points to be borne 
in mind are, as we liave already said, what the 
purchaser is to receive, and if he w ill have to make 
provision for an immediate or distant contingency, 
the occasion for which he has a knowledge at the 
time he appraises the w^orth. 

On the next ])age we give a form of the “Report 
ns to the V^alue “ w*hi(h is usually adoi)ted. 



AUCTIONKKftINQ AND VALUING 


A REPORT as to the VALUE of certain 
property hvown as 13, 15, 17, 19, dr 21, 
Rank Parade, North Hampstead, in the 
County of London, and made for the prurpose 
of mortgage. 

The above property, which is FREEHOLD, is 
situate in a wdL established market position, adjacent 
to two Railway Stations and the terminus of the 
flectrir tramway route. A station on a new under- 
ground rad way is in course of erection upon the nte 
of Nos. 23 d' 25, Bank Parade. 

Th( property is of very sound construction, the 
present condition is excellent, the tenants wdl estab- 
lished. and all of them hold upon full repairing 
hasis for long terms at the following rentals : 

No. 13. J. Scott. Family Butcher (a) £100 p.a. 

., 15. Amalgamated Dairies Coy. .. 150 ,, 

,, 17. Pacific Bank (Hampstrad 

Branch) 130 „ 

No^. 19 d' 21. J. Barms, (hneral 

Dra pn- 2(i0 „ 

Total Rental .. £700 „ 

REPORT 

IFt havi fully in^pteted the above described property 
together with the Leases under which the tenaids hold, 
and ar( of thi opinion that the value of the fee sirnpte is 
FOURTEEN THOUSAND POUNDH. The 
tenants, we find, all covenant for an increastd nut 
within a period of years\ and the value will 
therefore piopnrtionaHy increase. 

H.ATTON JONES d> COY.. 

444, Fleit kStred. 

£14.000 0 0 London. E.(\ 

Fees. We give a sciOe of fees applicable to 


inent with firmb, one is fairly certain of forming an 
acquaintance which may ripen into a business 
an*angement in later years. We would say, then, 
seek a competent partner with whom there is a 
fair probability of mutual agreement, settle the 
departments which each is to take, and, having 
chosen an opening, begin to found a business upon 
the lines which experience has taught are the 
right onch. 

Where to Start. As regards locality, we 
cannot counsel the beginning of operations in the 
more confined portions of London, for the reason 
that such districts seem to have well-established 
local practitioners ; and unless one happens to come 
across some, say, estate agency business, w'hich 
w ill serve as a nucleus and a support to the sister 
])rofession, it would be far better to seek a de- 
v"elo])ing locality, and to take one’s chance there. 

(iiven the right position, a reasonable amount 
of financial backing, and a good, sound knowledge 
of the business, crowded though the profession 
undoubtedly is, a soundly managed concern will 
})r()spor. 

The endeavour should he to found a connection, 
and it must be acknowledged that, as a rule, 
auctioneering as a j>rofession in itself will not answ^er, 
hut it is wtII sup})lcmcnted by the estate agency 
and valuing branches ; the latter will feed ” 
the former, and should be fostered accordingly. 
It must be borne in mind that unless one is fortunate 
enough to be well supported by solicitors and others 
having need of the frequent service of an auctioneer, 
sales by auction are not sufficiently numerous 
for the branch to be carried on by itself. 

The Office. Having determined the position, 
the offices should he well decorated, and furnished 


valuations : 

For valuations of furniture, fixtures or other 
effects, 5 ]>cr cent, up to £500, and 2^ ])cr cent, 
on the residue. 

Valuations of furniture and effects for ^uohate 
purposes, 24 per cent, on the first £100 and 14 j>cr 
cent, on the residue. 

Valuation of properties, 1 per cent, up to £1,000, 
5s. pt»r cent, beyond on the full amount of the 
valuation. In valuations for mortgage purposes, 
if an advance be not made, one-third of the above 
scale, the minimum fee to be £3 3s. 

In Business as an Auctioneer and 
Valuer. As with other professions necessitating 
the building up of a connection, so with that of 
an auctioneer and valuer. It is manifestly unwise 
to st.irt without a tolerable balance at the bank 
and a goodly number of ])ersonal acquaintances 
who, llirough themselves and their friends, would 
be able to lend support to one's venture. We 
should advise our pupil to endeavour, a.s far a^ 
jiossible, to limit the area of his early engage- 
ments to his immediate locality. The difficulty is 
always to find a suitable opening, and this is 
increasing year by year. 

Auctioneering — and its associated branches, 
valuing, estate agency and surveying — being the 
many-sided vocation it is, always seems to be one 
w'bieli lends itself readily to being followed in partnei - 
sliip. During the latter portion of one’s employ- 


solidly and usefully. Prominent profess ionally- 
worded notices should be displayed, and if sale 
rooms are an annexe, the fact should be brought 
to the notnee of the locality. Possibly the syst/cmatie 
circularising of the neighbourhood — personally 
addr€»s.sed letters to residents— may serve as a good 
introduction, and w^o think that well-displayed, 
neatly written poster boards are to be recommended. 
One must be careful not to ap])roaeh anything in 
the nature of the cheap-jack ’’ style of business, 
for advertising in the auctioneer’s calling should 
be done in ‘‘ professional ” style. Without amplify- 
ing this too much, we would instance the manner 
in which the names of certain firms in various 
localities seem to prepondci ite over others. 

In perha])s few vocations docs the personality 
of the ])rineipal so largely affect the success of a 
business as that of an auctioneer. He must bo 
courteous and obliging, polite and ])ainstaking to 
all; and if he endeavours to form friendships upon 
the strength of his personality and business know- 
ledge, he i" fairly eerttin to prosper wdiere his 
a]).athetie and unapproachable brother professional 
would lack support. Deal briskly with all matters 
entrusted to the firm, and let it be knowm 
that affairs are ])ro{)erly handled in the office. 
Difficult as it may accomplishment, 

endeavour to please all, and it is quite jiossible to 
become, in the course of time, n welbsought -after 
professional man. 


Auctioneerincj and Valuing concluded ; followed by Estate Agency 
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PRINTING 

THE WORK OF THE COMPOSITOR 

2 

The “Lay” of the Case. The Tools Used in Setting; and Cor- 

C«'i»tinnpd fioin i\ai:e 

recting; Type. Spacing;. Punctuation Pag;ing;. Inserting; Notes 


By W. S. MURPHY 


W E liave now got our Ijtk' and ftpaces, 
and must next loam vhoro to put them 
and how to use them. Tlie tyjK' is kept in 
shallow wooden trays, called c<7.s7,s'. For a full 
fount of type a pair of cases is needed, the one 
to hold the small letters (called the lower ca^e), 
the other the capitals, small capitals, figures, 
etc. (called the yppo a/sv). The cases are 
<livided by strips of ^^oo(l into small ]>artitions 
(U' boxes, the louer cast* having oil boxes and 
the upper case 98, as shown in 2 

The Lower Case. There are several 
partieulars requiring special attention here. 
You see that the lo\\er case is divided into 
boxes t ^ different sizes, and that the letters 
do not lie in alphalK‘tical order. Two prin- 
ciples have dictated the fonn of the .case. 
The compositor, '«hen at Mork, stands at the 
centre of the case, which is on the top of the 
b'ame [1] ; therefore, the letters most in use 
should be nearest his hand and line of vision, 
and also occupy the largest boxes 
The letter “e’' occurs most 
in English words, and so it 
in a large box, right l)efor 
eye of the compositor, 
nary full ease contains, 
roughly, 2 lb. of “e, ’ and 
about 4 oz. of “ x and 
** z. " The second principle 
takes account of the fact 
that English, Ixung an 
un inflected language, con- 
tains a numlx^r of small 
and constantly recurring 
words, su'^h as “the,” 

“ and,” “ of, ' “ is,” 

“that,” “no,” and 
“ not,” and the letters 
composing these words 
are placed in juxtaposi- 
tion. The l>eginner could 
not do IxTter than leam 
to point out rapidly the 
boxes which make up those woT’ds ; the lesson is 
(*asy, and yet of great help in learning the boxes. 

The Upper Case. The arrangement of 
the upper ease is essentially simple, so far as 
the alpha l)et of lx)th capital and small capital 
letters are concerned. Each letter follows in 
regular order, with the exception of U and J, 
In 2 the lay of the “book” case is given, 
and here a divergence occurs between tlie 
})racUce in most newspaper offices and book 
offices. Instead of the caps ranging in regular 
s'^quence from the top of the left-hand, and the 
small caps from the top of the right-hand divi- 
sion of the case, the news-man finds his capitals 
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in the four lines of boxes at the bottom of 
the right-hand division of the case [S]. This, 
however, is a matti'r of office practice. A 
compositor trained in (llasgow' is accustomed to 
a lay of case difTerent, in very important rosjK'ots, 
from those used in London. The figures in the 
standard Scottish ease range along the head of 
the lower-case, and the spaces are grouped 
round the full-point box. The compositor must 
learn to think of letters as the component pai ts 
of words, not in the order of the alphalKd, and 
once he ha.s acquired that habit, no arrangement 
of It'ttcrs in the cases will present any difficulty. 

IhTorc leaving the cases, we would add «i 
word of advice. The student should carefully 
note the position of accents, signs, and reference 
points, and keep them in order, because, hi'ing 
.seldom used, they are apt to slip into confusion, 
and much time is thereby lost. 

The Italics. Next in importance is the 
italic case. \Miere a large quantity of italic 
is used, tlie letter is laid 
in a pair of cases, like 
the ordinary founts : but 
for small offices, or light 
founts, a fonn of italic 
ease has lxH?n devised 
which carries the whole 
fount in one case. Two- 
thirds of (he area to the 
left is the lower-case, laid 
like an ordinary large 
lowTi’-caso, the third to 
the right being tlie upper 
case. Tin's is a handy form 
of case, and is much used 
for small fourfts of fancy 
and jobbing type [4]. 

The frame [I] on which 
our cases stand con- 
tains eight pairs of eases, 
shelved one above the 
other. Frames are all of 
the same st rueture, height , 
and width ; but th(*re are single frames, whole 
frames, and double frames. The form of single and 
double frames is obvious ; the whole frame has 
an extension equal to half the case rack, theundi'r 
part of which is a kind of cupboard, and the 
upper part a shelf, useful for holding the com- 
positor’s stores of various kinds. 

Compositor’s Implements. The per- 
sonal equipment of the compositor is a very 
light one. Some of his tools are provided for 
him. Every sclf-rcspccting compositor, however, 
provides himself with at least two composing- 
sticks [6], a set of brass setting-rules [ 6 ], n 
bodkin [71, a pair of shears, and tweezers [8]. 




PRINTING 


The Composing-stick. Tlie composing- 
stick commonly used in book- work is made of 
iron ; it is flat, 8J in. long, 2 in. broad, rimmed 
on end and back by a band half an inch deep 
and fitted with a movable bar, set at right angles 
with the back and parallel with the end and fixed 
by screw or clip at any point in the length 
of the stick. The type is set iKjtween the 
movable bar and the end rim, the bar being 
fixed at the breadth to l)e set. News setting- 
sticks are sometimes made of solid mahogany, 
with the column-breadth cut out and lined with 
brass. Large setting-sticks, usually made of 
wood, for bills and wide measures, are supplied 


foction of the upper-case most convenient, and 
begin. Hold the setting-stick in the palm of 
the left hand, lightly clasping it with the four 
fingers, leaving the thumb to play free [9]. Take 
a few words of the copy into your memory ; pick 
up the letters one by one, and pla^e them, nicks 
outward, into the setting-stick, holding each one 
as it comes lightly with the tip of the left-hand 
thumb. Put in a space. 

How to Get Up Speed in Setting. 
Simple as that action looks, it involves a great 
deal. The compositor should stand erect, 
shoulders straight, head well poised, arms moving 
freely from the elbow to wrist. He should never 
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2. OLD-FASHIOIS^ED BOOK- WORK CASE 

by the “ house.” Brass 
settirig-ndes are slips of 
brass, type high, nosed 
at the end, cut to pica 
ems, from 2 ems up- 
wards, and are used 
to give a smooth sur- 
face on which to slip 
the t} 7 )e and assist in 
lifting it when the stick 
is full. Bodkin and 
tweezers assist the com- 
positor when making 
corrections or alterations in the type after it 
has been set. 

Attacking the Copy. We assume that 
our young compositor has mastered the fount 
and the boxes, and is ready to take up “copy.” 
A compositor’s copy is the manuscript to be 
printed. TypewTitten copy is very common, 
but hand^^Titing is still to be read in book 
offices, and even more frequently in news 
offices. If the copy looks bad, it is a wise 
plan to study the style of the wTiting for a 
few minutes. You may take it as certain 
that an educated man always uses the same 
sign for every word or letter, and once you get 
into the secret of his style, difficulty, for the 
most part, vanishes. Now fix the copy on the 
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4. JOBBING “ 

HAT.F’' 

CASE 


3. FAST NEWS-UORK CASE 

try to read his copy 
and pick up letters at 
the same time ; half 
a dozen words or a 
phrase may be taken 
into the memory at 
once, and at the spacing 
of the last word the eye 
is free to return to the 
copy. When picking 
up letters the c^ye should 
direct the fingers ; the 
letter to be picked up 
is seen, and its angle of position observed ; it 
is i)icked up so that it drops face upward, nicks 
outward, into the stick. A straight line is the 
shortest distance between two points ; the 
lifting hand should go straight to the setting- 
stick. The distance can be lessened by letting 
the setting-stick follow the lifting hand. Obser- 
vation of these directions saves the compositor 
from falling into bad habits and tricks of style 
that waste time and energy. Some com}>ositors 
twirl the type after it is in their fingers ; others 
make sweeping curves in bringing the letter 
to the setting-stick, and many have worse 
habits. Every unnecessary action is lost time 
and energy. The ideal compositor is an intelli- 
gent automaton ; his brain thinks ; his eyes, 
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fuigns, linjidK, and arms move with mechanical 
ivpularity and accuracy. 

Composing — a Work of Art, A book is 
a work of art. Tt is not enough that the words 
Ih' made readable. In the plainest book the 
lines must all be of equal length, and the spaces 
between the words as regular as |)ossil)le. The 
‘ipace commonly put between words, to separate 
them from each other, is the thick spa(‘e. When, 
near the fmd of a lino, the (‘ompositor finds he 
has a space too small for the next word, one of 
thri'e courses may be open to 
him, or perhaps he has <'hoice 
of all three. He may lessen the 
‘spaci's between the woids of 
the line, and get 
in the word ; he, 
may eiilai'ge the 
spaces between th(‘ 
words and lill up 
the line ; or he 
may divide tin* 

^^ord. putting in 
the first syllable, 
with a lnq)heii. 

Dividing words 
sliould be avoidtH;!, 
whenever possible. 



6. SKTTINCJ nVLK 


It is a good rule to double 
r.ather than halve the space hetween the words. 
Words irregularly spaced, and lines widely 
spaced coming close aft('r lines spaced thinly, 
present an unsightly app(‘aranee. As the com- 
positor is jirovided with spae(‘s finely graded — 
with the hair-space, and spaces of hair-line grada- 
tion — he has no exeu.se for making had work. 

Indention and the use of capitals are snb- 
je(‘t to general rules ; but individual tote ha.s 
eonsiderabh* play. To indent is to shorten the 
line at the beginning by a space. Tin* first 
line of a paragraph is commonly indented. In 
short breadths the indention is 1 era, and for 
broad meansures it runs from 1 eras up t(>.3ems. 
Hcverse indention — that is, the shortening of 
the second or followTng lines — occurs in eeitain 
foims of verse. sp(*cial quotations, and tabular 
matter. 

The general rule for the use of capitnls is : 
Fii’st letter of the first word in every sentence, 
])roper names, prefixed titles and degrees, nam<*s 
and titles of Deity. Office style, and the taste 
of the author or editr)r. largely govern the use of 
capitals. Carlyle, for 
example, insisted on 
capitals to the verge 
of bad taste. 

Spelling. Tt 
an essential part of a 
compositor’s mental 
equipment that In^ 
sliould be able to spell 
correctly the words 
most (‘oramonly used in literary English. Tlu^ 
compositor’s product is words, lines of 'words, 
paragraphs of w ords, and pages of words, and he 
ought to know' the form and appearance of the 
things he builds. If he studies the look of 
w'orxLi, the compositor will readily see when a 
w ord is rightly or wTongly Kp(‘lt. 
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J. METHOD OF HOLDlNCi 
THE OOMPOSIMI-STIOK 


Punctuation. The subject of punctuafron 
seems thorny with Hiffieulties, and is a eomph'x 
one. Yet a great many compositors who could 
make neither head nor' tail of the elaborate 
niles given in manuals of English comjmsitiou 
pun 'tuate almost perfect ly. Pum f uat ion marks 
may be (‘lassed in tw o divisions — breathing marks 
and tone marks. ( ‘omnia, semicolon, and jreriod 
are marks of silent breatliing, or ]iaiiso ; colon, 
dash, paventhosis, bracket, interrogation, ami 
exclamation, denote change of tone. Again, in 
grammar, pmictnalion indicr.b'S the partition 
and nature of the sentence. The comma maiks 
the divisions of the sentence din'ctly related to 
the main predicate* or verb ; the semicolon sepai - 
ates the qualifying (‘onti'ary, or adversativf* 
addition to the main proposition, generally 
having a predicate of its ow'ii ; tlu^ colon denotes 
equality between tw'O or more senteiu'es, closely 
connected, and rt'latcd to one idea, or parts of 
one pT'oposition ; the dash marks a break in 
the continuity of the* sentence, a transition, 
ellipsis, explanatoi’y clansi*, or parcnth(*sis ; 
marks of par’cnthosis enclose wor’ds, phr’ases, 
or sentences, thr own in for additional elucidation 
hut having no par t in the gi-aminatrcal struetur<‘ 
of tire sentence; brackets are sometimes used 
as parentheses, and to mark the outside of a 
double parenthesis, hnt rnor’c fr'equently to dis- 
tinguish a sentence e({ui valent to a footnotes m 
the text. The pei'ifKl, interrogation, and excla- 
mation points, hyphen, opostro])he, 2-eni and 
3-em dash, leaders, and br'aees, yet remain. ’’Fho 

frrll -point or 
period marks the. 
end of a sentence, 
and is used as 
the sign of ab- 
br’cviation ; in- 
terr’ogaiion and 
(exclamation 
points explain 
th('nis»‘lves ; tin*, 
hyplren 8erv('H to join *?om}K)irnded words which 
custom has not made one. and marks the br*eak 
of a word at the end of a line; the apostroplue 
denotes the rxessessive east*, shortened wor’ds, 
especially in dialect, and, rrstd either' in singlte or 
double form, s(*rves to indi(*ate th(* end of (piota- 
trons ; the 2-em dash is used to finish a br'okon-off 
sentence ; the 3-em drish, leader', and braci's 
seldom appear in ordinar’y text. 

For literary, rhetorical, or jrictorial r'easons, 
the author of hook or placard may (*lect to 
r’cstrict the number of (*ommas to the lowest 
limit, insert dashes where colons would suit the 
structure of the sentence better, or* make semi- 
colons of periods ; but with all that the eorn- 
]X)sitor has little eone(*r'n — his duty is then to 
follow copy blindly. We have given here th(^ 
punctuation most genei’ally adoptt'd by practical 
printer’s, apart from all theories on the subject. 

The Slip-galley. When the compositor’s 
setting-stick is full, h(^ lifts the typo carefully 
out, and lays it on a slip-galley. This is a frame 
of brass with zinc bottom, like a long picture 
frame, with one nari’ow end out. Tliero are other 
kinds of galleys, some square, some with only two 
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sides framed, some solid brass, and some wood ; 
but the use of all is to hold tjrpe which has been 
set. After the galley has been filled with lines 
of type it is taken away to another part of the 
establishment, which we shall visit soon, and 
comes back accompanied by a corrected first- 
proof. The reader has read the proof, and 
marked the errors. The compositor lays the 
galley on his frame, and begins the work of 
correcting. Where it is a mere change of a 
letter of similar breadth, or the turning of a 
letter, no difficulty occurs ; but, unfortunately, 
our beginner does not set so carefully as that. If 
the letters to go in and the letters to come out 
differ in the least — and this is nearly always the 
case — the spacing must be carefully readjusted. 
When the corrections are speciaUy heavy, such 
as omissions of words or phrases, the corrector 
should take line after line into his setting-stick 
and run over from line to line till all is made 
square again. 

Making Up the Page. We will suppose 
that the revise proof has been successfully passed, 
and that the type is ready for paging. No rules 
can be given which will afford a guide to the 
sizes of pages, chapter headings, page headings, 
and such particulars, for practice has outrun all 
rule. Having acted according to instructions in 
these particulars, the compositor must carefully 
gauge the length of the page, and make up to 
size. The length of the page includes page 
numbers and headings ; but in addition a line 
of quadrats should be run along the foot of the 
page to protect the type and afford a basis for 
the sheet signature. Two safe rules may be 
given ; no page should begin with a broken line 
fiom a paragraph in the page preceding, nor 
should a chapter heading or full- line sub-heading 
come at the bottom of a page. 

When the page is made up, it is corded. Page- 
cord is a strong twine made for the purpose, and 
it is given out in lengths suitable for the various 
sizes of pages. Fix the end of the cord on the 
end of the last line, and pull the cord firmly round 
the page, binding it four or five times round, 
drawing gradually tighter, and slip the end of 
the cold between the cords and the type at a 
comer, fixing it firmly. If the page has been 
well set, it will now lift like a solid slab, and slide 
easily on to the imposing table. 

Sidenotes and Footnotes. Sidenotes, 
footnotes, and cut-in notes are used for commen- 
taries, summaries, or other additions to the text. 
Sidenotes generally lie on the margin of the page, 
and are set in types three removes smaller than 
the body of the page. Small in width, these 
notes lequire to be carefully set, and placed 
exactly in line with the passage to which they 
refer. Footnotes^ so named because they are 
placed at the foot of the page, involve the 
reference marks, ♦, etc. The asterisk is set 
m the body of the type, at the point to w hich 
the first, or only, reference is made, and a cor- 


responding asterisk begins the footnote. The 
second reference is similarly marked by daggers, 
and BO on. If there are more notes than refer- 
ence marks in the fount, then they are doubled, 
thus making reference easy. Cutdn notes present 
difficulties. Of course, before the type is set 
these notes should be given in full with the copy. 
Where there is a cut-in note, the compositor 
must shorten his line by the breadth and margin 
of the note. The best way is to set the note* 
first, justify it to the size of the type of 

which the text is composed, and fill in the 

short lines. 

Making Even. The directions given above 
refer mainly to bookw^ork, because the book still 
remains the staple product of the printer. Hand- 
setting practice is nearly the same in all branches 
of the trade. The news compositor gets smallci 
pieces of copy, and must learn to rnake even. 
That is to say, instead of ending with a para- 
graph, the last line of which he fills up with 

quadrats, show^ing the short line seen in all books, 
he must make his last woid end a line. This 
requires foresight and clever craft, only to be 
acquired by practice. Display of advertise- 
ments, colour-work, posters, handbills, circulars, 
etc., belong to the commercial and jobbing 
department, directions for which are given in a 
special section. 

Cleaning and Distributing Type. 

When a job has been worked off on the press 
or machine, or has been stereotyped, and is no 
longer required, the type is cleaned and put 
back into the cases for further use. A fairly 
strong solution of potash, well brushed into 
the type, followed by a thorough rinsing with 
water, gives the cleanest result. Washing done, 
the forme — as the page or pages of type placed 
in an iron frame, and firmly fastened in 
with W'cdges, is technically called — is laid 
upon a table, unlocked, stripped of its side- 
sticks, footsticks, and furniture, and made 
naked for dissolution. The various furnitures 
ought to be put awav properly first, and the 
sidenotes, footnotes, biass rules, or other parts, 
if any, separated from the main body, and 
conscientiously put aside. Lifting on his brass 
setting-rule as many lines (nicks upwards) as he 
can comfortably hold between his fourth finger 
and the ball of his thumb, the compositor 
begins to distribute. The type is held in his left 
hand, and w ith the thumb and second finger of 
his right he lifts a few words from the top 
line, and lets each letter drop into its proper 
box. The mo^'ement of the finger and thumb 
separates each successive letter by mere auto- 
matic impulse. At first it is a little difficult, but 
the compositor will find it belter to be slow 
at the beginning than throw the letters into 
the WTong boxc'^, and lay up trouble for himself 
when he comes to set again. With practice, au 
average man will acquire such speed as to cicai 
away a page veiy’ quickly. 


CoTitinued 
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THE RAW MATERIALS OF POTTERY 

Description of the Raw Materials used to Make Plastic Clay. Deriva- 
tion of the Raw Clays. Preparation of the Mixed Clay or “Body’^ 


By MARK SOLON 


'THE term may Ho said to apply lo all 

^ articles made from a plastic substance 
which hardens under the influence of heat. 

These substances occur in Nature m the 
form of locks and clays which, when mixed 
with water, are capable of being moulded into 
different shopes and have the property of 
retaining shapes so given to them. When 
combined with other materials and prepared in 
a suitable manner they are known as 
6oe//r.<f. 

After having In^m moulded and dried and 
ivndered hard by tire the pieces aie said to be in 
the hiWuit and may then, for domestic 

and decorative purposes, be coated Avith a thin 
film of glass, AAliich, lieing remelted upon the 
surface iK'comes incorporated Avith the body, 
making the piece for all practical purposes 
im]M'rmeable. 

The process of pottery manufacture may be 
bri(‘fly treated under the folloAving headings : 
(1) materials used in plastic bodies; (2) pre- 
}A{i.ration of these materials ; (3) manipulation 
of the clay ; (4) drying ; (5) firing of biscuit 
ovens ; (0) glazing ; (7) decora- 
tion. 

Materials used in Plastic 
Bodies. In order to fac’ilitate 
the study of the projicrties of the 
materials from tvhich plastic 
bodies are made we will take, 
in the first place, the com- 
position of can opaque body used 
tor the manufacture of ordinary 
domestic goods and knoum as 
“earthenware.' 

It is necessary for the mani- 
pulation, firing, and subsequent 
glazing of ' this body, that the 
materials from which it is made 
ehould possess the following pro- 
]'>crties: plasticity, refractorine.ss, 
hardness when fired, and white- 
ness. 

These qualities we find in the 
natural and artificially prepared 
clays of Dorset, Devon and 
Cornwall: in the flint taken from the north 
coast of France, and in the semi-decomposed 
granite rock known as Cornish stone. 

The plastintj/, upon which depends the ease 
w-ith w'hich the clay may be worked and moulded, 
is due almost entirely to the “ blue,’’ or “ ball,” 
clay of DcAnn and Dorset, a clay in which the 
particles are very finely divided and combined 
naturally with a certain amount of water. 

The refractory property, which makes the 
body capable of withstanding the high tem- 
perature to which it is submitted during firing, 
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is due to the purer forms of (lay artificially 
])repared, and knoAvn as (fiiina clay oi* kaolin, 
and also to the French flints. 

The hard tie , is due to a great exient to tin* 
(Wnish stone, A\hich fuses during the tiring and 
vitrifies the materials Avith Avhieh it is mixed. 

Colour Composition and Derivation. 
All the above materials arc fairly AAdiite when 
tiled with the exception of the ball clay. This 
clay, OAving to a small quantity of iron in its 
composition, di'A^elops a slightly cream tint on 
burning. It is by bringing these materials 
together in suitabli* ])ro})ortions that avi* are 
able to make a mixture or body having all the 
iK'eessary }iio])(‘rt ies. 

All clays are hydrated ^ilicates of alumina, 
or in other Avords ai-c' a chemical combination 
of silica (the matter of roek crystal), alumina 
(the matter of sapphire and ruby), and AA^ater. 
They are all derived from ftfispathie rocks 
decomposed, naturally or artificially, by the 
aiTion of AAater. 

China Clay. The rix-k from A\hich china 
clay is deriA’cd in its natural state consists of 
silica, about fio ])(*r cent. ; 
alumina, about 20 per cent, to 
2o )x^r cent. ; potash, 10 jier 
c(‘nt. to IT) per cent. 

In its semi -decomposed stale 
tlie silica is visible as quartz or 
sand, the alumina as fincAvliite 
clay, Avhile small quantities of 
under 'decomposed felspar and 
mica are also ])resent. 

The clay is artificially 
]>ared by running Avater 
the rock into large tanks 
decomposed portion of the roek, 
being reduced to a fine staU' of 
division, is readily removed in 
mechanical suspension by the 
AAater passing over it. During 
the settling of the liquid in the 
tanks the quartz and coarse 
particles of silica fall, Avhile the 
jinel}^ divided particles remain in 
suspension. The lattiu* constitute' 
china clay, AA^hich, after having 
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1. BLUNGING MACHINE 

the kaolin or 


been dried, have the folloAving composition : 


Aliiininn . . 

IJiiK* anti alkalu s 
3IoiHtiirt‘ . . 
ronil)ini*(l water 


4()' jter fcnl 
Its 


It will l>e notice d on comparing the analysis 
of the prepared kaolin Avith the original rock 
that the percentage of alumina has increased 
and the potash entirely disappeared. This is 




jvrcountxi'd for by the fact tliai a large portion of 
silica remains at the bottom of the settling tanks 
in an undecomposed state, and the potash be- 
('oming soluble on decomposition is washed out. 

Ball Clay. Ball clay is a more impure 
form of clay, being derived 
('ither from compound rocks 
such as Greenstones, which 
are a mixtuie of felspar and 
a mineral named honi- 
blende, or from a pure fels- 
]>athic rock which, during 
the course of its natural 
decomposition by water, has 
been >vashed into localities 
where it has become in- 
termingled with earthy 
matters in a finely divided 
slate. It generally contains 
iron pyi’it<'8 and sometimes 
lignite carbon and bitumen. 

It is found in elliptical beds 
as though deposited by the 
water into natural basins. 

As this clay in the course 
of its decomposition docs 
not undergo any systematic 
washing w<' find that a 
certain quantity (from 1 per 
cent, to 2 |)er cent.) of the 
alkalies remains in the clay. 

The silica also is always in a liigher percentage 
than in the china clay. 

(h\ing also to the length of time that the clay 
has been decomposing, a greater quantity of it 
becomes combined with water and the particles 
become very finely divided, two facts which 
account for its great plasticity. 

The composition of ball clay is as follows : 
Silica . . . . . . . . .'(' per 

Alumina US 

Alkalies . . S „ 

Iron - », 

Water 12 

100 

t brnish stone is 
merely the semi- 
decompose<l fels- 
jiathic rock from 
which the chinti 
clay if=t derived. 

It varies in fusi- 
bility according to 
the quantify of al- 
kalies it contains. 

Preparation of 
the Body. The 
approximate pro- 
portions in which 
the f o r e go i n g 
materials should be 
mixed for the pur- 
])Ose of producing 
the earthenware 
b(Kly now under consideration are as follows : 

Dry weight. 

Ball clay. ... 4 12 inclic<; nt 24 oz. to pint, 

('hina ela\ . . 4 S 

Flint .... 

C’orniali stone 4 4 
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But the exact quantities can only he deter- 
mined hy experiment aeeording to the nature 
of the actual materials used. Having decided 
the best proportions, the ingi'edients arc pre- 
pared in the following manner : 

< The first process is to 

r(‘duee the materials to oik' 
^tandai’d, in order to ensuic 
i».cciira<‘y in mixing ; to in- 
troduce water artitieially to 
assist plasticity ; to extract 
the undesirable impurities 
uhieh occur in most natural 
])r(>dueis, and finally to kn(‘ii(l 
th(‘ clay and render it. homo- 
geneous and of (‘qual (hid- 
sistency throughout. Tlii-; 
j^rocess is divided into live 
dist inet operations — blunging, 
lawning, magnet ing, pressing, 
and pugging. In the opera- 
tion called hlfimjlnn the clays 
are thrown into maehint's in 
which they art* violently 

beaten 
V(‘rt(*d 
or Mlij). 

Th(* maclunos 1 1], wliicb 
ai'c octagonal in shape, arc 
fitted intomally witli a rc- 
\olving shaft. A, to which 

are attached a number of lilades, B. Wlnm 
put in motion the blades dash the cla.y in the 
water against tlie stationary sid(‘s until the 

former is thoroughly disintegrated, 

A certain ((Uantity of the liquid slip, generally 
one pint, is then biouglit to a given w(‘ight, the 
ball clay to 24 o/.., the (‘hina clay to -(> o/.., 
more water or clay btung added in the blunger 
to make the slip lighter or heavier. 

Calcination and Grinding. Having 

determined the density of the slip in this way 
the clays ait' r(*ady to mix with the otlu'r 


in vvatt'P until coii- 
into a thick cn-am 


ingredients — nanu’lv, the 



PRFSS OF WOODEN TRAYS FOR CONVERTING 
INTO CLAY 


2<) 

:j2 

s:i 


French flints ami 
Fomish stoiu'. 

Thcs<‘ materials 
ai’c naturally ex- 
tremely hard and 
reqniri' to bt* 
specially t realiul 
before they can 
liecome part of 
any })la.stic body. 
The flints, which 
arrive* in the form 
of small boukh'rs 
or stones, arc first 
of all calcined at 
a low temperature* 
in specially eon- 
strueted kilns in 
order t o rend(*i 
them friable and 
so more midily ground. The kiln [ 4 ], wliich 
is fitted at the bottom with tire bars, is fed 
from the top ^^ith raw flints mixed with a 
small proportion of fine slack, the slack on 
Iniming producing sufficient heat to calcine 

r>l(>l 




4 . CALCINING KILN 


BARTNBNWAIIl 

the flints. After calcination they are drawn 
from the bottom of the kilns, crushed into 
small pieces, and put 
upon the grinding pan [2]. 
The form of pan most 
generally used consists of 
a vertical shaft. A, fitted 
with four arms, B, to 
which are loosely attached 
large granite or chert 
blocks, C. As the shaft is 
set in motion the granite 
blocks are carried round 
in the pan, the under 
face rubbing against the 
stone pavement, D. The 
materials being intro- 
duced in the pan with 
the requisite amount of water, the grinding 
takes place between the contiguous surfaces 
of the blocks and the pavement. The large 
particles which have escaped being properly 
ground are then separated by running the 
vhole of the liquid into tanks of 
water, agitating it, and allowing 
it to settle for a few moments. 

The particles which remain in 
suspension are then drawn off 
ready for use, while those which 
fall to the bottom are returned 
to the pan. 

Crushing Cornish 
Stone. The Cornish stone is 
ground in the same manner, 
arriving at the factory in large 
lumps which simply require to 
be crushed and put into the 
pan. Both these materials, after 
grinding, are treated in the same manner as the 
ball and china clay, water being added to the 
bulk until one pint is brought to a given weight, 
generally 32 oz. 

Having obtained all our materials in slip 
of a given density they are run into large mixing 
tanks, on the sides of which are indicated the 
number of inches of each material required. 
At this point an extremely small quantity 
of cobalt oxide, finely ground, is added to the 
mixture. This has the effect of counter- 
acting the cream tint which the ball clay 
develops on firing. The cobalt oxide has the 
j>eculiar property of neutralising the staining 
power of the iron when the latter occurs 
only in small quantities. 

Lawning. The next process, lavming^ is 
to abstract all the small impurities, and this 
ib done by causing the slip to fall on shaking 
sieves, or lavms, which arc worked mechanically. 
From the la^^m box the slip is run through 
a series of magnets, which extract from it the 
nodules of iron. These are not only present in 
the natural clay but are liable to get into the 
slip through the wearing of the machinery. 




The magnets are arranged in series in long 
troughs in such a way that they can be easily 
taken out and the iron adhering to them washed 
off [5]. It is extremely important that no metallic 
iron should be allowed to remain in the clay, for 
this, when fired, will appear in the form of small 
brown specks. 

Draining off Superfluous Water. 

Having mixed our materials thoroughly in 
the slip state we must now get rid of the super- 
fluous water and convert the slip into clay. To 
accomplish this filter presses [8] are employed, 
machines in which the liquid slip is compressed 
by means of a force pump into coarse cotton 
bags, which retain the clay, allowing only the 
water to escape. The t3rpe of press generally 
used consists of a scries of about 24 wooden 
trays [8] bound together by means of iron rods. 
Between each tray occurs a space, which is lined 
with strong cotton sheets. By folding the edges 
of these sheets a bag is formed. The slip under 
pressure enters at the point A [7] through smedl 
brass tubes. The water, flowing down the 
channels in the tray, B, escapes 
through small holes at the bot- 
tom. After the bags are filled 
with clay the iron rods which 
bind the trays together are 
undone, the trays separated 
one by one, and the flat cakes 
of clay taken from between the 
cotton sheets. 

Pugging. Although the clay 
now contains only the right 
amount of water, it is not homo- 
geneous, and requires to be put 
through a mixer or pnvg mill [6], 
in which it is thoroughly kneaded 
and delivered at one equal consistency. The 
machine consists of an iron cylindrical tube, open 
at both ends, through the centre of which runs 
a shaft. Blades which mix and press the clay. 


MAGNETS FOR EXTRACTING 
IRON FROM THE SLIP 


PUG MILL 




7. DIAGRAM OF PRESS FOR CONVERTING SLIP 
INTO CLAY 

expelling the air from it, are attached to the 
shaft at a slight angle. The clay is fed into the 
machine at the mouth A and delivered in a 
solid block at the point B. 

Continued 
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POLYGONAL & CURVED ARTICLES 


Group 8 

DRAWING 


Octagonal Vase. Ogee Moulding. Elliptical Pans, and 
Pans with Slanting Sides. Articles with Unequal Slant 



TH MMI AI nr. \\\ |Nf> 
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By JOSEPH G. HORNER 


'T'HE pi'oMoms involved in the praeticc of sheK- 
metal working are so exti'einely numerous 
that nothing more than elementary prineiple.s 
ean he taken for illustration hen*. In previous 
articles we have dealt with the principal geo- 
metrical forms. In this and the one to follow 
ue shall show some applications of the same. 


Some Polygonal Forms, The method 
(4f stepping round circular ares has been 
shoun in several problems. We now illustrate 
that method applied to figures which are curved 
in one direction only, but combinations of 
uhieh jigures in tlu' other direction give various 
polygonal forms of gi’cat beauty. Among 
the applications of such designs are vases for 
ferneries and conservatoiies, the bases of orna- 
mental columns, and such objects as aquaria 
and fern cases, tureens and otlu'r vessels. 
No great technical skill is rc'quired in their 
(h'sign, and when the principles of one or two 
forms are understood, any others may be drawn. 
Two examples are given, the first that of an 
equal-sided figure [113], the second [116] having 
sides of unequal lengths. 

Pattern for an Octagonal Vase. Fig. 
113 is the profile of an octagonal vase in half 
deviation. Taking the largest diameter; from 
the centre line o o to fhe point 1 near the top, 
draw an outline of the plan as in 114, one-quarter 
of the view being sufficient. Make the hoiizontal 
lino 1 0' [114] the centre line of one of the flats of 
the octagon, and let the diagonal line I'O' b('Iow 
it represent the angle from the centre 0' to the ter- 
mination of the same flat. This is obtained by first 
drawing a quadrant of a circle and dividing it 
into four, hut the two lines I O', TO' are the 
essentials that arc afterwards required. Now 
divide the protilo 1113] into any convenient 
number of parts, stepping round the outline 
with dividers, and afterwards dividing the per- 
}>endicular centre line on [115] similarly. The 
divisions arc numbered 1, 2, 3, etc., alike on 
113 and 115. From 113 project lines from all 
these points down to 114, passing through the 
horizontal line 1 O', and cutting the radial line 
1' 0' below at 1', 2', 3', etc., these intersections 
being similarly numbered to correspond with the 
points in 113 from which they are projected. 

The dividers are now set in turn to each of the 
vertical distances in 114 on the lines 1 1', 2 2', 
etc., measuring from the horizontal 1 0' to the 
diagonal 1' O', These lengths are transferred to 
each side of the perpendicular centre line n o 
[115] on the horizontals similarly numbered ; the 
distance 11', for instance, in 114 corresponding 
with 1 1 on each side of the centre o o \n i 15. 
Through the points thus obtained in 115 the out- 
line of one face of the octagon can bo traced. To 


avoid confusion of lines tin; projection and nu in- 
hering are not shown farther than 10 at tlie 
upper part of the vase, hut the lower part is 
marked out similarly. 

Rectangular Base with Ogee Mould* 
ing of Equal Curves on all Sides. 

Fig. 116 is a side elevation showing the 
profile of an ogee moulding, and 117 is a 
half view of its plan. A half plan of the d('- 
veloped pattern is showm in 118. To construct 
118, transfer the rectangle 2 2 2 2 from 117, and 
add to its side and ends the depth 2 3 from 116, 
similarly numbered in 118. Then divide the 
curved portion in the profile in 116 into any 
number of equal parts by stepping round the 
curves with dividers, and draw horizontal lines 
from one end to the other through these points, 
as at 4, 5, fi, 7, 8. With the dividius still s(‘l to 
these divisions, step off on 118 the same number 
of divisions on the perpendicular centre lino I 1, 
beginning at the horizontal line 3 and ending 
at 9 ; and, similarly, also from 3 to 9 at each 
end on the transverse* centre line 10 10. Draw 
lines from all these points as shown dotted in 
118, at right angles to the lines thew arc stepped 
off on. Add the depth 9 10 from 116, giving 
the liorizontal line 10 10 at the base of 118, 
and the outci’ perpendicular lines 10 10 at each 
(‘nd. Take the length of the base ] 0 to 1 0 from 1 16 
or 117, and transfer it to the base 10 10 in 118. 
Take the width of the base from 117 and transfer 
it to the end i>erpcndiculars 10 10 of 118. 
Working from the centre line 1 I of 116 and 118, 
take in turn all the distances 1 to 4, 1 to .5, (‘tc., 
from 116, and transfer them to the horizontal 
lines similarly numbered in 118. These will give 
tlu* points 3, 4, 5, fi, 7, 8 at each end of tlio 
dotted horizontal lines in 118. To obtain the 
lengths of the corresponding pei pendicular lint's 
on the ends, take the distance 10 to 12 from 117 
and mai'k off a (‘orresponding distance on tlu' 
base line of 116 from 10 to 12. The point 12 thus 
obtained marks the position of the vertical 
dotted line 11 12, which, in relation to the end 
it is measured from, is equivalent to the centre 
line of an end elevation. The mea.surements are 
taken from this lino 11 12 [116| to the points 
4, 5, etc., on the side from which the distance 
10 12 has been measured, and are transferred to 
the correspondingly numbered perpendicular 
lines at each end of 118, and the curves drawn 
througli the points thus obtained. 

We now take some concrete examples in 
which problems that were treated under conic 
frusta are embodied. Two general cases occur — 
that of objects having equal slant or flue all 
round, and that of others in which the slant is 
not equal. These problems may he treated 
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directly as completed cones, or by the methods 
of triangulation in which the apex is inaccessible. 
Pigs. 119 to 129 deal with objects of equal slant. 

Derelopment of a Taperipg Ellip- 
tical Article in One Piece. Draw the 
elevation and plan of the article as in 119 
and 120 respectively. Draw the perpendicular 
line 3 2 fl21], and at right angles to it the lines 
3 10, 5 11, at distances apart which indicate 
the depth of the article, 3 to 5 [119]. From 120 
take the radii of the end curves of the ellipse, 

1 9 and 1 8, and transfer them to the horizontal 
lines in 121, thus obtaining the points 8 mea- 
sured from 3, and 9 measured from 5. Through 
the points 8 and 9 draw the diagonal lino ter- 
minating at 1, where it cuts the perpendicular 
3 2. Take the radii of the sides of the ellipse, 

2 10 and 2 11, from 120, and transfer them simi- 
larly to the lines 3 10 and 511 respectively in 121, 
thus obtaining the points 10 and 11, through which 
the diagonal 10 2 is drawn. Now draw the per- 
pendicular 8 1 [122], and with the distance 1 8 
from the first diagonal in 121 taken as a radius, 
describe the curve from 14 to 15 from the centre 
1 [122]. The length of tha curve must correspond 
with the length 14 15 on the plan 120, and the 
measuremeiit is transferred by stepping it off 
with dividers, as already explained in connection 
with other problems. From the points 14 15 
[122] project lines through the centre 1, and to 
some distance beyond, on which to obtain the 
points 2 2. These points aie then set off by 
taking the distance 2 10 from the second diagonal 
in 121, and marking them from 14 to 2 and 15 
to 2 on 122. With the points 2 2 as centres, 
the curves 18 14 and 15 16 arc continued from 
the ends of the first arc, their lengths being 
taken from the curve 15 to 16 on 120. The 
radius 1 8 is then taken from the perpendicular 
line in 122, and set off from the points 18 and 
16 to give the points 19 and 20 on the lines 
18 2 and 16 2. The points 19 and 20 are the 
centres from which the curves are continued 
from 18 to 21 and 16 to 17, their length being 
taken, as before, from the plan [120] or from 14 
or 15 to 8 [ 122], Radial lines are then marked from 
21 to 19, and 17 to 20. The inner curves, 9 11, 
are struck from the same centres as the outer, the 
radii being obtained from 121. The radius of the 
smaller curve is 1 to 9 on 121 and 122, and the 
radius of the larger curve 2 to 11 similarly on 
both. 

Shape of the Parts of a Tapering 
Elliptical Article made in Four Pieces. 

This is a variation on the previous problem. 
Fig. 123 shows the article in end elevation, 
and 124 in plan, figured similarly to the pre- 
ceding ellipse [119, 120]. In 124, 1 1 and 2 2 
are the centres from which the curves of the 
ellipse are struck. Draw a vertical line, 3 2 
[126], and two horizontal lines from it, 3 10 
and 5 11, at a distance apart corresponding with 
the vertical depth, 3 5, of the article. Take the 
radius 1 8 [124] with which the larger end curves 
are struck and transfer it to 126 on the line 

3 to 8. Take the smaller radius 1 9 from 124, 
and transfer it to 5 9 on 126, Draw a line through 
the points, 8 9, thus obtained, continuing it on 
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to 1, where it intersects the perpendicular line 
3 2. With 1 for a centre and 1 8 as radius 
strike the curve 8 12, and, similarly, the inner 
curve 9 13 from 1, with 1 9 as radius. The length 
of the segment is obtained by measurement 
from 124, a number of points being stepped 
off round the curve from 14 to 15 [124] and 
the same number transferred to the curve 8 12 
[126], and a line is then drawn from 12 to 1, 
completing the segment. The segment 9 8 12 13 
thus obtained gives the shape of the end pieces 
minus laps for jointing. 

To obtain the shape of the side pieces, take 
the radius 2 10 from 124 and set it off from 3 to 
10 on 126, and the inner radius 2 11 [124] set off 
from 5 to 11 [125], projecting a line through 
these points to the point 2 on the line 3 2 in 
125. The point 2 is the centre, and the dis- 
tances 2 10 and 2 11 are the radii with which 
a segment for the sides is struck, its length 
being obtained by stepping round in 124 along 
the curve from 15 to 16 and transferring to the 
curve 10 17 in 125, the outer end being marked 
radially from 17. 

Shape of a Tapering Pan in Two 
Pieces. Fig. 126 is a plan, and 127 a side 
elevation showing the depth of a tapering 
pan. To obtain the shape of one half [128], 
draw the vertical lines ] 2, 1 2, through the 
centres from which the corner radii in 126 are 
struck. Draw' at right angles to them, also 
through the centres, the lines 3 4, 3 4. Draw^ also 
a central horizontal line 5 6, which will indicate 
the joint between the two parts. Continue the 
slant of the end [127] from 6 down to 7, where it 
cuts the perpendicular lino 1 2. Draw the 
horizontal line 6 [128], stopping it at the per- 
pendiculars 1 2. Take the length of the slant edge 
from 6 to 8 [127], and mark it off from 6 to 8 on 
128, and draw the second horizontal line, 8, 
through it. With 7 6 [127] as radius describe 
the arcs which are continued from the horizontal 
line 6 in 128, the centres from which they are 
struck being on the perpendicular lines at 2. 
Describe also the inner arcs from the same 
centre, with the radius corresponding with 7 8 
on 127. Measure the length of one of the outer 
curves on 126, as indicated by the divisions at 
the comer 1 3, and step round the outer curves 
on 128 to the same length. From the points 9 9 
thus obtained draw lines to the centres 2 2. 
From 9 and from 10 it is now necessary to carry 
lines at right angles with the lines 9 10, corre- 
sponding in length with 3 5 and 4 6 in 126. This 
gives the points 11 and 12 in 128, and it only 
remains to connect these by the lines 1 1 12. 

Although the figures given are those of com- 
plete objects, it often happens, especially in 
platers’ w^ork, that some particular section only 
is required, such as one curved end or one curved 
comer. But it is frequently helpful then to 
mentally regard the fragmentary portion re- 
quired as part of a complete figure, by which 
its relations are mentally rendered more obvious. 
In 126, for example, sectional portions only may 
be required. 

Fig. 129 shows a method of marking out which 
does not necessitate drawing a complete plan of 
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the tray as in 126. Two complete circles are 
drawn on the same radii as the outer and inner 
curves at the comers of the tray, the intervening 
straight parts being omitted. The length of 
the straight parts being known, they are inserted 
in the constniction of 128 without transferring 
them from a plan view. Similarly, it is not 
necessary to draw the complete elevation, as in 
127, but only the triangular portion comprising 
the points 6, 8, 7 [127\ and the perpendicular 
and horizontal lines connecting them. 

Figs. 130 to 135 deal with objects having un- 
equal slant. Such objects are very frequent. In 
approaching problems of this kind some of the 
methods described in earlier articles have appli- 
cation. In all such cases a development is 
necessary, in order to obtain the actual radius 
of the developed sheet, by ascertaining first the 
relations between the vertical and the slant 
heights of the curved portions, obtained in the 
form of a right-angled triangle. 

Round»end Bath Sloping more at 
the Ends than Sides. Fig. 130 is the 
elevation, and 131 the plan of the round-end 
bath. The outer semicircles in the plan are 
stmek from the points o, and the inner ones 
from 5. c'omplete the two circles as shown 
dotted at the right-hand end [131], and divide one 
quarter of the outer circle into an equal number 
of parts, as 1, 2. 3, 4. Draw in 132 the horizontal 
lines 5 4 and 6 7, at the same distance apart as 
the lines .similarly numbered in 130, and repre- 
senting the vertical depth of the article. Project 
the diameter-s of the circles down from 131 to 132, 
intersecting the horizontal 5 4 at the points 
8 , 9, 10. 4 ; and from 8 and 10 continue them 
to the lower line 6 7. Draw lines through 4 
and 7 and from 9, projecting them till they 
meet at the centre 11. From 11 [132], draw 
a vertical line to 11 on the centre line of 

131. From the centre 11 [131] describe arcs 
from the points 1, 2, 3 on the circle to cut 
the centre line 11 4 at 1, 2, 3. From these 
points draw^ perpendiculars to the line 5 4 in 

132, and then continue them from these points 
to meet at the centre 11. Draw also radial lines in 
131 from the points 1, 2, 3, on the circle, to meet 
at the point 1 1 on the centre line. These cut the 
smaller circle and divide it similarly to the larger 
one. With the point 11 in 132 as a centre, strike 
curves from the intersections 1, 2, 3, 4 on the line 
5 4, continuing them round to the left indefinitely, 
as shown. Also, from the same centre, strike the 
inner set of curves from the points 7, etc., of the 
intersections of 1, 2, 3 on the line 6 7. The radial 
centre line of the pattern may now be drawn 
from 11 to the outermost circle to the left 
of 132, cutting it at 4, which is placed at a 
sufficient distance away from the perpendicular 
to allow the pattern to be marked out without 
confusion of Imes. The divisions 1, 2, 3, 4 are 
taken from the circle on 131 and transferred to 
each side of 4 [132], stepping from one curve to 
the next adjacent, so that the circumferential 
division 3 comes on the arc 3, and the circum- 
ferential division 2 on the arc 2, and so on. The 
pattern outline is then traced through these 


points of intei’section, and at the ends 1, 1, 
radial lines are drawn to the centre 11. The 
inner edge of the pattern may be obtained by 
similarly dinding from the smaller circle in 131, 
but a simpler method is to draw radial lines from 
each of the outer points to the centre 11, as 
showTi in 132 (left hand), and trace through 
the intersections of the radin,! lines wdth the inner 
set of curves. 

Rectangular Tray with Rounding 
Corners. This example has greater slant 
at the ends than at the sides. The outer 
dimensions in the plan [133] being decided on, 
draw radial lines from the comers of the com- 
pleted rectangle to the centre o. Determine 
the width or length of the inner rectangle, 
which forms the base, and draw that with 
comers meeting at the radial lines. From the 
centre 8. from which the outer sweep is struek, 
project horizontal and peipmdiculav lines to 

3 and 4, and from 3 and 4 draw radial lines to 
the centre o. From 6 and 7, w^here the lines o3 

04 intersect the inner rectangle, project hori- 
zontal and perpendicular lines to the point 9, 
which is the (‘entre from which the inner sweep 
is struck. Then [134] draw' the two horizontal 
lines I 4 and 10 7, t'cirresponding in their distance 
apart to the vertical depth of the tray, and draw' 
the perpendicular lo. Then, from 133 take the 
lengths o4, o3, and o2, and transfer them to 
1 4, 1 3. and 1 2 respectively on the top line of 134. 
Take alst) from 133 the lengths o7, o6, and o5, 
and transfer them to the line 10 7 in 134. Draw' 
lines in 134 through 4 and 7, 3 and 6, 2 and 5 
to intersect the perpendicular at o. Then, from 
133 take the nulii 8 to 4 and 9 to 7 and transfer 
them to the top line of 184 from 1 to 4, and 1 to 7 
respectively, and draw' lines from the points 
7 rnd 4 parallel with the line 3 6 o, so that they 
cut the perpendicular at 8 and 9. 

Next draw the vertical centre line \o of 135, 
and with the radius f>4, taken from 134, describe 
the arc 4 4. The distance of the points 4 from 
each side of the centre line lo corresponds with 
the distance 1 to 4 on the plan line at the top 
of 133. A horizontal line is now drawn between 
4 4 on 135, also a radial line from each end, 4 4, 
to the centre o [185]. Next take the radii o3, o2 
from 134, and from the centre o [135] describe 
the arcs 3 3 and 2 2. Take also from 134 the radii 
o7 and o5 and describe the arcs of corresponding 
numbers on 135. Draw perpendiculars from 4 4 
and 7 7, and with the radii 8 4 and 9 7 from 134 
set off the points 8 and 9 respectively on the per- 
pendiculars 8 4 and 9 7. From centres 8, 8, 
describe the outer curves from 4 to 3, the point 3 
being that where they cut the large curve 3 3. 
From the intersections at 3 draw radial lines 
to the centres 8, 8, and also to the centre o ; 
connect 7 7 by a chord similarly to 4 4, and 
from centres 9, 9 describe the curves 7 6, ter- 
minating at the radial lines 3o. From the 
points 3 and 6 draw^ linos tangential to the 
curves at 2 and 5, and radial lines from 
those points to the centre o. This completes 
the pattern for one half of the tray, to which 
allowance must be made for jointing. 


Contivued 
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mnnnfactnro nnd working of wire embrace a 
^ group of industries the processes in which are 
seldom described in ])Opulnr books. This negleel 
of tlip. wire trailes is rather surprising in view 
of the importance of these trades. The wire- 
making industry is one of tlie foundations of our 
civilisation, and the low cost to which mechanic 
^hill has siu'ceeded in bringing articles of wire 
enables sueli articles to be the pro])orty of the many. 
'I'he oi'dinni’y ])jn is turned out at the surprisinglv 
low ))rico of something like one ])enny per thousand, 
and each pin has to undergo many o|>erationH. 
'Phe domestic sewing needle is as fine an example 
of the result of highly developed manufacturing 
‘-kill as anv trade has to offer, and its low price is a 
•“urprise to thos(‘ unfamiliar with its maimfaotiire. 
(^arding wire is an essential in the textile trades, 
coal and otlur minerals are raised from the mines 
by wire ropes, without which the cost of mining 
would 1)0 greatly increased, wire fish-hooks arc a 
necessity to the iishing industry, the modern watch 
would bo iiiipossil)le without sjU’ings of flattened steel 
wire, wire <orj)ed(» nets guard our battleships from 
hostile attack, and finally wire guns are the weapons 
of offence used in our Navy and coast defence 
stations. TIk'sc few instances of the uses of wire 
may serve to illustrate its im))ortanee to the com- 
muuity, and we may ju-occed to deseribe its manu- 
f.ieture and ein])loyrnent. 

Iron and Steel Wire. The proce^sos 
through which the material has to pass before 
finally emerging as wire demand that good iron 
and steel sboidd be used for the purpose. Puddled 
iron and charcoal iron [sec page 4()3oj aroused. 
High qualities of win*, including music wire, 
are made from Swedish iron, which is a special 
(jualify of <‘harco/d iron, Steel used in wire manu- 
facture must be free from botli phosphorus and 
-.iilphur, or the result will be very poor wire. Only 
steel can bo employed in making articles which are 
to be tcm|iered. From Mr. Bucknall 8niitb’s 
“Wire: Its Manufacture and Uses” we extract 
a table showing the average breaking strains of 
wires made from difi’erent classes of iron and steel. 

Tons per 
sq. in. of 
Section. 

Black or annealed ii’on wii e 
Ib ight hard-di-awii iron wire 
Bessemer steel wire 
Mild Siemens-Martin steel w ire . . 

High carbon Siemens-Afartin steel wire 
(or ” iinjiroved "’) 

( Vueiblc east steel improved w ire. 

“Improved” east steel “plough”.. 

S]K*cial qualities of temi)ered and im- 
proved cast steel wire may attain .. Io()-I70 

The drawers of wire purchase their material 
either in the form of billets or of wire rods. In 
cither ease they specify quality according to the 
piiiqiose to which the wire has to be put. If 
they purchase in billets they must roll them into 
rods. A ” billet ” is an ingot of iron or steel 
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usually 01 somewhat irregular slja |)0 in section, but 
approximating to square and weighing between 
SO lb. and 200 lb. These billets are jiassed, when hot, 
through rolling mills and emerge as “ wire rods.” 
These rods aw' really coils of wire from 200 ft. to 
000 ft. long, the length differing with the size of the 
original billet and with the diameter to whk'h rolling 
has reduced it. 

Rolling Wire Rods. Productive economy 
makes it desirable that the rods should he rolled 
in one heat, as the neeessit y of reheating when the 
rolling is partly aecoiujilished adds to (he cost 
materially. Rolling is performed in a series of 
machines usually called a ” train.” We may 
describe them as a number of large mangles with iron 
rollers provided with grooves around tlieir ])eri- 
pheries. There are two rollers in each machine and 
both rollers arc grooved alike. Some mills have 
three rollers, but for the sake of lucidity we may 
discard this consideration. The grooves are not all 
seinicireidar in shape. They maybe diamond shaped 
or oval as well. The shape is varied, because 
the practice ” works ” the material into a uniform 
mass, increasing both its tenacity and ductility. 
The pairs of rollers have grooves which in size are in 
a descending .scale. The red-hot billet passes tlu-ough 
the large.st grooves — say round — then through 
rollers with grooves a little smaller — say of diamond 
shai>e — then through otliers still smaller with oval 
grooves, and so on through the cptire series, the 
shape of the section varying and the .size of the 
section decreasing throughout the eyrie. Then, 
after perhaps ten or twelve different ” passes ” 
through rolls, the rod is of the desired diameter, and 
a.s it leaves tlie last })air of rollers it is wound, still 
hot, on drums whieli make it into coils. Such in 
bare outline is the history of the ” billet ” during its 
transformation into the coil of thick wire known as 
a ” wire rod.” Various followers of the process 
have introduced modifications, chiefly in the direc- 
tion of automatic mechanisms for handling the rod 
as it pa.SHes from one ]>air of rollers to another, 
but the essential principle in all is as we have 
de8cril)ed it. The rolkis, of course, are “live 
rollers ” — that i.s to say, they ai e driven by powc'r 
from an engine, .so that they pull through the rod 
under treatment. Also the rollers have a .s|>eed of 
revolution that increases as their grooves decrease 
in size. 3’his higher .speed is to eompensato for the 
greater length of the rod as it is drawn out by 
rollers with smaller and smaller grooves. Some 
rolling mills are arranged so that several rods can 
be made to pass through at one time, several pairs 
of grooves being provided on each pair of rollers. 
This is the higliest point in productive economy. 
After rolling, the rods are cleaned in a tank con- 
taining a diluted solution of niiiriatio or sulphuric 
acid, are put into lime-water and arc finally drierl 
in an oven. They are then ready for the drawing 
mill. * 

Cold Drawing. The rolling is over and has 
given U.S the wire “ rods ” or coik nsually of No. 5 
or No. 0 gauge, the former just over and (ho latter 
jnst under one-fifth of an inch in diameter. The 
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iengths of the rods are from 200 yards to 600 yards 
long, according to the weight of the billet from 
which they have been made. The rods were made 
hot : they are drawn into wire cold. The wire 
may be one of many shapes — oval, flat, round, 
square, or U-shaped, according to the shape of the 
dies through which it is passed. The draw-plate 
is merely a piece of hard steel with holes of 
different sizes through which the ^^iro is drawn 
successively, each hole through which it is taken 
l>eing smaller than the pi'eceding one. The number 
of holes through which the wire is drawn det>enfU 
u})on the reduction in diameter required. The finer 
the wire is to be, the greater is the reduction and 
the more numerous the passes through the draw- 
j)late. The plates are given to wear, the strain 
to which they are subject in use being very great, 
and when the holes have become enlarged by use 
the plates are heated, hammered, and the holes 
re punched and made accurate. The end of the 
thick wire or “rod “ is hammered to a point, making 
an inch or two at the extremity thinner than the 
body, and able to be })ut through one of the holes 
in the draw-plate. 

The Drawing Mill. The wire-drawing mill 
[ 1 ] is a bench mounted with a series of “ blocks ” 
or jmlleys from 12 in. to 30 in. diameter, turning 
on vertical centres and with a draw plate and pincers 
to each j illev. The end of the rod, whore it has 
been made tJiinner in the manner stated, is put 
through the selected hole in the draw-])late, and placed 
in the jaws of the ])incers, which are attached to a 
bar. A cam attached to the drum spindle is made 
to operate, and it ])ulK or ])resses the bar and f)incers 
away from the draw-plate, thereby drawing a 
little of the wire, enough to make a revolution of the 
drum to which it is made fast. Then the drum 
jtself is put in motion, and the wire is drawn through 
the die or draw-]>late a*? rapidly as the drum is 
made to revolve. The s[)eed which can be maintained 
in working def)ends u])on the amount of attenuation 
being given and u])on the material. 

Lubricant. The work of drawing is made 
more easy by the use of a lubricant. For thick 
gauges the lubricant is usually of paste consistency — 
a heavy grease ; but for gauges below 20 a thin 
lubricant such as soapy water is employed. The 
lubricant not only facilitates the actual work of 
drawing through the plates, but it also, if wisely 
(hosen, leaves a thin film of grease, which prevents 
oxidation. 

IManufncturei’s use various lubricants in wire 
drawing, and each manufacturer is a law to himself 
m the matter. For fine drawing, a lubricant made 
of sour beer yeast and olive oil is sometimes used. 
It is claimed for a mixture of lard and sulphuric acid 
thiiiped with water that its use saves a good deal 
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of the annealing otherwise necessary in the various 
stages of drawing. A hot solution of lime and salt 
is used by some makers when drawing steel wire. 
This practice is said to save wear upon the inner 
surface of the die. 

Annealing. With the repeated drawing the 
wire becomes hard, and it is necessary, perhaps 
several times during the sequence of the drawing 
operations, to anneal the coils. Wire reduced to 
a fine gauge iiiay have been annealed about six 
times during its j)rogress from the wire rod. Some 
makers, l^fore annealing iron and steel wire, 
immerse it in a thick cream made with chloride of 
lime and water. This gives it a protecting coat, 
which }»revcnts the formation of scale during 
annealing, and which is afterwards removed by 
washing in clean water. The annealing ovens are 
air-tight iron chambers capable of holding from two 
to three tons of wire coils. They are charged and 
closed. Then they are heated up to 000° F. or 
700^ F. The duration of the heat depends upon 
the gauge of the work in hand and upon the 
quantity in the chamber. When it is considered 
that the heat has been maintained long enough, 
the birnaee is allowed to cool slowly. When cool, 
the wire is withdrawn and “ pickled ” in acid 
solution ns after rolling, and before the work of 
drawing proceeds again, another immersion in 
lime water i^^ given. Then the work goes ahead 
as before, to return to the annealing chamber 
should it be necessary. Finally, we have the wire 
drawn to its final shape, and it is ready for the 
market or for one of the many industries in which 
wdre is used. 

Continuous Drawing. Continuous wire- 
drawing [ 2 ] has come into extensive use during recent 
years, and is economical. In machines for continu- 
ous drawing the wire is not wound on a block, as in 
ordinary wire-drawing, already described, but is 
pulled through one die, wound two or three times 
round a block, then passing through another die, 
round another block, and so on until the ultimate 
desired gauge is attained. The circumferential 
speeds are varied to com])ensate for the elongation 
of the wire as it i)aHses through the dies. Metals 
that require frequent annealing during the process 
of drawing are limited in the number of dies through 
which they can pass at one time. Thus, in drawing 
iron, steel, and brass wire, the saving in working 
with continuous machines is much less than it is 
with a metal like cop))er, which can usually be 
drawn to its ultimate gauge without annealing. 

Our illustration |2] shows the wire reel, which is 
being drawn down through the 84‘veral dies, mounted 
in a tub containing weak acid. This })ractiee is 
frequently followed, and removes any acid that 
may have been given to the surface of the wire 
during the process of annealing. The drawing 
drums may vary in diameter from 10 in. to 32 in. 
and may revolve at a circumferential speed of from 
300 ft. to 400 ft. jx‘r minute. *Steel wire, however, 
must be drawn at a slower speed, to obviate risk of 
breakage. Soft iron wire and copper wire may be 
draw'n at the rate of 500 ft. per minute, or even more. 

Fine Drawing. When, for s|)ecial purposes, 
such as watch-springs, fineness and absolute 
accuracy are demanded, the steel draw-plate is 
discarded and precious stones, drilled to the required 
size, arc used for the final drawling. Tlie ruby is the 
usual stone employed, although diamonds and 
sapphires are al-o used. A silver wire ] 70 miles long 
and *003 in. diameter has been drawn through 
a hole in a ruby, and upon micrometer measurement 
it was found that the size towards the end of the 
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coil was #*xactly the same as at 
the beginning. A hole in a steel 
plate would have shown signs 
of appreciable wear with one- 
tenth of the work. When the 
ruby or other gem is used, it is 
mounted in a metal plate, and 
for flat work, such as the hair- 
spring of a watch, the hole must 
be of rectangular aperture. 

Wire Gauges. The question 
of wire gauges is a vexed question, 
into the details of which we do 
not intend to enter. For very 
many years there was no uni- 
formity in the wire gauges, and 
this led to much confusion and 
to many mistakes. Every maker 
almost was a law unto himself, 
and during the greater part of 
last century there were over forty 
different wire gauges used in this 
country alone. This state of 
matters was remedied in 1884, 
when the Board of Trade, after 
deputations from wire manu- 
facturera and consultations with 
them, inaugurated and made the 
legal standard of wire measurement in this country the Drawing Properties of Various 

“Imperial Standard Wire Gauge,” which is usually Metals. Tne drawing qualities of metals are due 
designated by the letters, “S.W.G.” Yet some of to their ductility and tenacity. Ductility is the 
the discarded gauges still linger in practice, notably capacity of changing molecular form, and ten city 
the “ Birmingham Wire Gauge.” We append a table is the power of resisting separation. When 
giving the Imperial wire gauge, the Birmingham wire these qualities are high and are combined in a 
gauge, and the equivalent sizes in decimals of an ^ metal, that metal possesses excellent drawing 
inch, and in millimetres. The French and German * properties. Most metals are capable of being 
practice is to reckon wire by millimetre sizes. drawn into wire, although some — as, for instance, 

antimony — are brittle and useless for want of 
tenacity. Gold is the most ductile of the ordinary 
metals, and it is followed bv silver, platinum, iron, 
copper, zinc, tin, and lead in the order named. 
Steel, again, is the most tenacious of the metals, 
and is followed by iron, copper, platinum, silver, 
gold, zme, tin, and lead in the res)iective order. 

Metals are sometfmes drawn in combination. 
Steel wire of large gauge, after cleaning in a solu- 
tion of sulphuric or miuiatic acid, may be given a 
coating of copper by immersion in a solution of 
sulphate of copper. • If the copper-coated wire be 
then put through the draw-plate, it may be drawn 
very fine, the copper remaining unbroken, but 
attenuated. Silver-gilt wire is made in the same 
way. The coating of gold upon a silver bar or rod 
may be less than one-thousandth part of the latter, 
but drawing this out to hair thickness still leaves 
an unbroken coating of gold upon the cheaper 
metal. 

Telen^ph Wire. Both iron and steel wire 
are used for telegraph purposes. For lengthy spans, 
and where great tensile strength is necessa^, steel 
wire is preferred, but wire made from Swedish 
charcoal iron is used for ordinary work. The wire 
is generally galvanised [see Galvanising.] The 
qualities demanded in wire for telegraph purposes 
are ductility in a high degree and freedom from 
flaws and impurities. Phosphorus and manganese 
impair electrical conductivity, hence wire for tele- 

f raph purposes should be free from these impurities, 
t IS considered, however, that carbon and silicon 
have no influence upon electrical conductivity. 
Government departments and railway companies 
have r%id specifications stipulating the size, weight, 
^ectrical resistance, the minimum number of 
twists in the strand, and specific testa for strength 
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and ductility of wire to be used* for telegraph 
purposes. 

For covered telegraph and telephone work, a 
wire of silicon bronze is much used. This alloy is 
foimd to be very high in electrical conductivity. 
Here are two cui^yses of such wire : 


Telephone Wire. 

[ Telegraph Wire. 

Copper . 

. 99-94 per cent. 

Copper . . 

97*12 per cent. 

Tin . . . 

•08 

Tin . . 

1*14 

Silicon . 

•02 

Silicon . . 

•05 „ 

Iron 

tmce 

Zinc.. .. 

1-02 



Iron . . . . 

trace 


*205 per cent. ; sulphur up to *017 per cent. ; phos- 
phorus from *004 per cent, to *018 per cent., and 
manganese from *120 per cent, to ‘425 per cent. 
Physical properties of the wires tested were ns 
follows in three samples upon which experiments 
were made. 


Diameters. 

•040 in. 

*030 in. 

0-87 In. 

Torsion or turns in 6 in. , . 

60 to 70 

30 to 40 

00 to 70 

Ultimate tensile strength 
l^ui valent tension per 
inch of section . . . . 

4001b. 

318 lb. 

84011). 

142 tons { 

140 tons 

14] tons 


Fencing Wire. Both plain and strand wire 
are largely used for fencing, the latter having pre- 
ference in this country. 

Where Iotto tracts have to Music Wire Gauge. 

be enclosed and cheapness is 

a consideration, cheap iron Diameters iii inches 
or steel wire (usually No. 8 Jj": 

S.W.G.) black varnished is Perisl^ Ire Gauge 
used. A coil contains between 
500 and 600 yards, and weighs 1 cwt. Fencing 
of strand wire is usually galvanised. 

Barb yiire* Barb wire for fencing owes its 
origin t America. It might with justice bfe called 
“ barbarous ” wire. It no 
doubt fills a practical purpose 
in times of Mth peace and 
war, and the quantity mamv 
factured is very great. It is 
usually galvanised after having 
been made. 

Two wires, generally of 12 or 14 
standard wire gauge, are twisted 
together, and the barbs (short 
pieces cut obliquely at both ends 
and wrapped twice round the 
main strand with their ends pro 
jecting) may be “open-set’’— 
that is, be about 6 in. apart, or 
“ thick - set ” — that is, be from 
3 in. to 4 in. apart. It may be 

two-point,” or “ four-^int,” 
which mean that the barbs may 
be single, presenting two points 
only, or they may be set double 3, vm-Ui 
when there are four points of (Kirby Beard & 


The music wire gauge differs from the “Imperial 
standard” (S.W.G.) wire gauge. It is as follows ; 


Music Wire Gauge. 

12 

18 

14 

15 

10 

17 

18 1 

39 

20 

1 

21 

22 

Diameters in inches 
^yearest size in Im- 

•029 

•031 

•033 

•085 

•037 

•039 

•041 

1 

•043 

•045 

•047 

•06-1 

perial Wire Gauge 

22 

21 

21 

20 

20 

19 

19 ' 

19 

18 

18 

1 




danger for the unwary everv few 

inches. Barb wire contains from 335 lb, to 440 lb. 

to the mile. 

There are a few other varieties of barb wire ; in 
one, a strip of serrated hoop iron is enclosed in the 
strand, and in another a plain single-strand wire 
of oval section has its edges cut obliquely, the spikes 
made thereby being raii^ so as to offer offence to 
the intruder ; but the pattern to which we have 
already made reference is mode in overwhelming 
proportion. 

iHmno Wire. The piano manufacturing trade 
is a large consumer of steel wire. The great and 
constant strain to which steel wire is subject when 
strong in a piano demands a qualify of wire capable 
of resisting this tensile strain without breaking 
and without elongation. The total tension upon the 
wires of a grana piano appoaches 20 tone. The 
strain upon one wire in a piano h as great as if the 
^iter* 6r the reader— -unless he be abnormally 
^Jieavy — were suspended from it The carbon in steel 
for p^aoo wire ranges, aooordmff to ytx, Buck- 
Tiioii ^ t®»ts made by him up<m 

*^km8 makers, from *570 per cent to 
, silicon from ^32 per -cent to 


Steel piano wire must be hardened, and this is 
usually done before the wire goes through the last 
drawing operation. The procedure 
is as follows: The wire is first 
heated in the ordinaiy way to red 
heat, and then allowed to cool. 
Then it is placed in a metal bath 
made of 40 per cent, lead, 1 2 per cent, 
zinc, 26 per cent, antimony, 21 per 
cent, tin, and 1 per cent, bismuth. 
This metal bath is heated above 
melting point, and the wire 
must remain in it until it has 
attained the same temperature 
as the metal, which, of course, 
is longer with thick wire than 
with thin wire. It is then 
taken out, and water is 
sprinkled over it. This process 
lias discoloured it, and by 
giving it one more drawing, it 
is made bright again. I? it 
need not be bright, then the 
hardening may 1^ done after 
8. Fm-UAEIKO MAOHINB the drawme. 

(Kirby, Beard & Co., Ltd.. Birmingham) Jh^re ^e other purpose for 

which wires of exceptional 
strength are required-^—uotably for cranes, marine 
hawsers, mining, and bridges. We have seen a, 
weight of 1 ton suspended from a steel wire of 
No. 8 gauge, to be used for deep-sea sounding. 

Gold and Sllwor Wire. Gold wire is now 
seldom used. Its place is taken by silver-gilt wire. 
The gold is put on to the silver rod in the form 
of leaf, a piece of which 4} in. square weighs about 
18 grains. The gilded rod is then drawn out 
through steel dies, and, as it gets down to the finer 
gauges, through dies made from ^ms — diamonds, 
rul^, or sapphires. The amount of gold put on the 
sfiver rod is about 2 per cent of the less precious 
metal, yet even this small proportion can he drawn 
out to extreme fineness. Twenty-four grains of gold 
in a silver wire have been drawn out to the lens^ of 
410 miles. The silver-gilt wire used for embroideries, 
laces, vestments, and uniforms generally contains 
from 1*500 to 2,500 yards to the ounce. Sometimes 
the so-called silver-gilt wire is really oopjm sfiver- 
gilt A rod of sfiver, before gilding, is drilled and a 
rod <4 copper inserted. Then the gold is applied to 
the suri^ of the sfiver as already mentioi^ and 
the three metals are drawn together* the attenuation 
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during the process being uniform, and illustrating 
the remarkable ductility of all three metals. 

Brass and Copper Wire. The quality of 
brass wire depends upon the proportions of the con- 
stituent metals of which the brass is composed. A 
high proportion of zinc gives a light colour and a 
brittle and springy wire. For fine gauges of wire, 
and for weaving into gauze such ns is used exten- 
sively in paper-making, a brass high in copper is 
used. 

The old method of making brass and copper 
wire, and that still in extensive use, is to roll the 
metal cold between flat rolls until the thicloiess 
desired — depending upon the final gauge of the wire — 
is attained. This operation yields strips, which are 
then cut into thin rods, to be afterwards drawn 
into wire in the manner described for iron and steel 
wire. 

Aluminium Wire. Aluminium in its pure 
state has a restricted use in the form of wire. It 
is light, but its tensile strength is low, being only about 
10 tons per square inch of cross section. Its elastic 
limit is also low, a further factor which mili- 
tates against its use. Fine aluminium wire is 
sometimes used for scientific instruments when 
lightness is required, and is used in embroideries 
instead of silver wire. Alu- 
minium bronze, however, an 
alloy of aluminium and 
copper, yields a metal high in 
tensile and elastic properties, 
being also a good conductor 
of heat and electricity, and 
inoxidisable. Hence wire of 
aluminium bronze has a wider 
sphere of usefulness than 
wire of pure aluminium. 

Aluminium wire is used to 
some extent in electrical en- 
gineering. It is proposed to 
convey the electric current 

f enerated at the Victoria 
'alls on the Zambesi to the 
Johannesburg district by 
means of aluminium wires, 
and as we write a sample of 
the wire used for a similar 
purpose in America is on view 
at Rhodesia Museum in 
Finsbury Circus, London, E.C. The aluminium 
electric cable is n “ formed ” wire rope, with a 
central wire, surrounded by an intermediate layer 
of six wires, and finally by an outside layer of twelve 
wires, the entire cable having a diameter of 1 in. 
It is proposed to carry the Rhodesian cable on the 
top of st^l towers 00 ft. high. 

Wire of Rare Metals. The intrinsic value 
of platinum is very high, hence its use as wire is 
very limited. It can be drawn into very fine wire. 
It is employed in the manufactiure oi electrical 
apparatus and scientific instruments where the 
ability to resist oxidation, acids, and high tempera- 
tures is required. It Cannot, however be used for 
electric glow lamps, as it fuses too readily. Osmium 
and tantalum are, however, rare metals which 
hare recently been introduced into the manu- 
facture of filaments for electric glow lamps. Their 
ttse, especially the latter variety, will probably 
ext^d. Special measures have to be adopted to 
reduce osmium to the form of wire [see page 2fi82J. 

Pina, Pin manufacture is an important British 
industry, the chief seat of which is Birmingham, 
where indeed are made about three-fourths of the 
quantity produced in the country. It is computed 



that 50,000,000 pins are manufactured every day, 
and the statement constitutes a comment upon 
human carelessness in small things. Pins are made 
from wire the size of the shank or body of the pin, 
and the wire is almost always of ' brass. The 
material must be soft enough to allow the head 
to be riveted up from the stem, and hard enough 
to serve its ultimate purpose without bending too 
easily. The brass from which pins are made by the 
best makers contains from 60 to 65 ^ler cent, of 
copper, 35 to 40 per cent, of zinc, traces of lead and 
of iron, never aggregating more than *5 percent, and 
occasionally minute traces of tin, those last ^ing 
impurities. For long years the standard composition 
for pin brass was two of copper to one of zinc, and 
indeed thi? mixture came to be generally known 
AS “ pin brass,” but the slight saving achieved by 
reducing the copper percentage has caused that 
practice to be followed. 

The brass ingot is usually about in. square, and 
is hot-rolled to about f in. diameter, as already de- 
scribed. Cold rolling is sometimes practised, but 
it requires a brass richer in 
copper, and is therefore more 
expensive. In eitlier case the 
v'ire is drawn to its final size 
through draw-plates. 

•PinmaRing. The illustra- 
tion [8] on the preceding page 
will help to an understanding 
of the actual process of pin- 
making. The coil of wire is 
placed on the revolving drum 
as shown. The end is led 
through a guide hole, and 
then between iron pegs, which 
straighten it and Mide it to 
the machine. A sliding plier 
arrangement seizes the end of 
the wire, draws it forward, 
and pushes it through a 
hole in a small iron plate. 
Here a tiny hammer or punch 
“ upsets or thickens the 
end of the wire, thereby 
forming the pin head. The 
machine has b^n set carefully 
to the gauge of the length of 
pin required, and as soon as 
a shearing blade comes into 
a short length of wire. This 
length of wire is a rough pin with a head, but 
without a sharp point. In a space of time infinitely 
shorter than we take to describe the movement the 
pointless pin falls into an inclined groove just wide 
enough to bold the pins suspended by their beads. 
This groove, when the mochme is in operation, con- 
tains a row of pins suspended. A revolving cylinder 
with file teetn graduated from coarse at the 
entering end to fine at the finishing end operates 
upon the end of the suspended pins, which move back- 
wards and forwards in the groove, and files the ends 
to sharp points. The short wires, perfect in form 
but far from perfect in finish, then fall from the lower 
end of the groove into a receptacle. The machine 
we have seen has turned out the pins at the rate 
of from 180 to 220 per minute. 

Finishing Pins. The pins are still yellow 
brass. They must be whitened, or “silvered.” 
But they (tro greasy, and must first be cleonod. 
They may be revolved or “ tumbled “ in barrels or 
cylinders with a solution of caustic soda. This 
cleans off all adhering grease. Then they an 
transferred to “ kettles,” or vessels heated by steam. 
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l^Ietaliic tm in fine powder is spiead over them, 
some hot solution of bi-tartrate of potash is added, 
and the vessels ai*e sealed np. The pins are allowed 
to boil for about four hours, when they emerge 
silvery and bright in their coating of tin. Then 
they go to revolving barrels or drums containing 
sawdust, and are tumbled about until they are dry 
and polished. The operator now handles them upon 
a tray. He agitates this tray, and thereby ex^ls 
any dust which may adhere to them. 

"^en they go to the final machine [ 4 ], 
final os far as the manufactory is 
concerned, and aie put into rows, and 
issue as papers of pins. The machine 
that performs this operation is almost 
as ingenious as the machine that made 
the pins. The pins ore placed in a 
sort of hopper, and the giil operator 
sweeps them with a brush into groove*^ 
that lead down to the rolls or strips of 
|)aper into which they are to be put. 

The machine creases the paper into the 
ridges required, and the operation of 
a lever causes the paper to come up 
to the rows of pin points, which are 
then pushed into their respective 
places u the paper. The papers are 
made to ctetain 100 to 500 pins. 

Needles* The public are given to 
associate needle manufacture with pin 
manufacture, and if they have thought 
about the subject at all, imagine that the processes 
of manufacture are somewhat similar. This idea is 
a mistaken one ; the processes are quite dissimilar. 
The manufacture of needles is a finer operation, 
and demands greater skill as it is not so dependent 
upon automatic machinery. Needles are made 
from a superior quality of cast-steel wire. This wire 
is delivered to the needfemaker in coils. A workman 
cuts this wire into short lengths, each length 
suflScient for two needles. These short wires are 
not perfectly straight, but have to be made so 
before a^thmg else is to be done with 
them. The wires are taken in bundles 
about as big as can be compassed with 
the two hands, and an iron ring is 
placed at each end of the thick bundle. 

The bundles are heated in a stove, and 
then placed upon an iron table, where 
the workman rolls them backwards 
an4 forwards, still in the bundle, press- 
ing a curved bar called a 
“rubbing knife” upon the 
body of the wires between 
the rings. This operation, 
which requires skill, makes 
the wires quite straight and 
regidar by one wire rubbing 
against another under the 
pressure given. 

Maftiiag Point* and 
Cyoa« * Pointing is the next 
proeesa. It is effected in an automatic machine, 
m which the mechanism holds the wires and 
presses them against a swiftly revolving grindstone, 
which forms tm points and makes the needles ready 
lor the eye-stamping machine. The process of 
needles used to be fraught with very great 
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iger to the health of the workmen^ few of mom 
were able to work at their trade bey<^ ih» age of 
forty ; but for the last two decades conditions have 
improved, and suction fans are made to carry the 
steel-dust and sand from the grhidstone out of 
danger of inhalaticm by the workmen. 
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The stamp [6] is like a small drop forge, operated 
by a stirrup pedal Taking in his left hand a bundle 
of wires, the stamper places them in rapid succession 
upon the lower die of his machine, and with his foot 
causes tlie upiier die to descend with force. The 
dies form the heads, make beneath the needle-eye 
the short grooves that act as guides in the act of 
threading, and also almost pierce the eye itself. 
As many as 6,000 wires per hour can be handled 
by a skilled man. The needles are still 
twins, every wire being two needles, 
attached by their heads. 

The press where the eyein{f is done 
has a die similar to that of the stamp- 
ing machine, but made so as to pierce 
the eye quite through. One by one, 
the double needles are placed upon the 
bed of the press [6J, and the handle 
causes the die to come down. The holes 
are made, and as the tool retreats again 
the twin needles show a tendency to 
stick to it, but a special part of the 
mechanism pulls the wires from the die, 
which ascends to repeat the operation. 

The stamp has left the head of the 
needle rough. Gills thread the needles 
upon a fine wii’e, and the result is what 
look Ijke fine combs. The filer takes 
the “ combs ” in hand, and with his 
file, or with a flat grindstone, clears 
away the “ rag,” or burr, from both 
sides of the head Now each wire is placed in a 
hand vice, and is parted in the middle — the opera- 
tion of stamping having made the parting easy — and 
another treatment with the file makes the head 
smooth where the pairs have been joined. 

Hardening and Tempering* The needles 
now go into an oven or stove, usually heated by 

g as, and are raised to red heat. They are then cooled 
y being plunged into oil, after which they are 
hard and brittle as glass, and quite useless as 
needles. They have been hardened. The tempering 
process, performed by the same 
workman who hardened them, con- 
sists in heating the needles up to 
about 600° F., and allowing them 
to cool gradually. Any needles that 
have become crooked during the 
process of hardening must be taken 
and straightened with a small 
hammer on an anvil, one by one^. 

The heads of the needles 
are softened by heat, and 
then follows the process of 
scouring and burnishing. The 
former alone takes about a 
week. Its object is to 
remove the dark coating of 
protoxide of iron which the 
needles have taken on os a 
result of the operations 
described, and to show a 
surface of polished steel The needles are placed 
upon canvas strips laid in wopden troughs, and 
have poured upon them a mixture of oil, powdered 
quartz, and sort soap. The canvas strips are closed 
l^th at the sides and ends, and the sacks of needles 
are placed upon what is called the “ runner bench,” 
a table with boarded sides. A heavy i^ooden block 
WOTks backwards and forwards on ine bags, turning 
Uie needles and pressing them one against anotlMr 
in file ^itty composition. Several times during Uie 
day, when the operation is going on, the needles 
are opened out and inspected, and finer grit 
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supplied. Finally, for the last scouring, what is 
known as “ polishing putty ” is put in. The needle^ 
are then taken out, boiled clean, and dried 
thorons^y in warm sawdust. 

Touches. The needles must now 
be sorted out, for all theseprocesses have made 
them of varied lengths. They are placed, with 
heads all one way, upon a narrow board in a row 
about one inch deep, and the 
long ones are removed by hand. 

A drill is then passed through 
the eye of each needle, to make 
certain that there is no roughness 
that would fray the thread as the 
needle was being used. Then the 
finishing-room does its part to the 
all but perfect needles. Cylinders 
covered with leather buffs, upon 
which a polishing composition is 
put, burnish the needles. The 
workman handles each needle 
separately. The points are then 
ground a little, for the cycle of 
operations has blunted them 
slightly. An operator holds 
them against a stone mill for 
this purpose. Then the needles 
are rubbed between two pieces 
of buff leather to remove any | 
moisture or stains. Finally, they fj and 

are taken into hot store-rooms 
for some time, as a le at precaution, (Bond & Coop 

and then they arc made up into 
the familiar packets which we see on the market. 
This brief review of the processes of needle manu- 
facture will make it hard to understand how the 
needlewoman can purchase needles for the small 
price at which any haberdasher or draper will be 
pleased to supply them. 

Wire Naile. The manufacture of wire nails 
is an enormous industry, which is, however, chiefly 
in the hands of German firms, who command the 
greater part of the world’s trade in common 
varieties of wire nails. The functions of the wire 
nail machine is similar to that of the pinmaking 
machine, which we have already examined, although 
there is no great similarity between the two. Wire 
nail manufaotiue is a much simpler process than 
pinmaking. In the former case 
there are no elaborate pointing, 
polishing, and finishing operations to 
be gone through. The wire is fed 
into a machine in the coil, and is 
automatically straightened, cut into 
lengths suitable for the nails being 
m^e, pointed, and headed. The 
operations of cutting and pointing are 
performed at the same time. The 




are the only articles in the category of nails which 
are still made by Imnd. 

Wire nails range from 1 in. up to 6 in., and many 
thicknesses are made in every size. Almost all the 
wire nails used or manufactured in this country are 
made of round or oval wire, the proportions being 
about 5 per cent, of oval wire nails, or hradsy used 
for door panels and other xiurposes, and the remain- 
ing 95 j>or cent, being round 
wire nails with the checkered 
heads. The oval wire nails have 
usually a daftp head, which is 
narrow, and owes its strength to 
its height instead of to its size in 
either direction laterally. The 
purpose of this form of head is 
to enable it to be sunk into the 
door- panel moulding, so as not 
to be visible in the finished door. 
In some countries square wire 
nails are tho most acceptable 
variety. Obviously, any section 
of wire nail desired can be made 
by feeding the machine with 
suitable wire, and any shape of 
head can be given by equipping 
the machine with suitable head- 
ing dies. Small brass and iron 
nails for shoes are made in the 
manner described, but the sizes of 
TACK AND TINGLE MAKING from 3 in. to 1 in. 

MACHINE long 

(Bona A- cooler, Biminsham) ^ 

for this smaller class of work. Its particular 
purpose is for wire tacks and tingles. 

Wire Coiling. There are numerous purposes 
for which wire coils are used. Fig. 8 illustrates a 
machine for either hand or power use. The wire 
coil may be seen issuing from the coiling gauge. 
The machine is simple in its use, and rapid in its 
output. More complicated machines make up- 
holsterers’ springs, which aio made of steel wire 
coated with brass or copper, usually tho latter. 
Such machines are automatic, making each spring 
narrow in the waist, as required, and cutting 
it off when finished. 

Wire Ropee and Cables. Wire ropes 
are divided into three classes : “laid ropes,” 
“ formed ropes ” and “ cable laid 
ropes,” and there are inu^rtant 
differences between them. Tne first 
has a central core of hemp or soft 
wire surrounded by six strands, each 
containing a similar central core. A 
formed rope, again, has a greater 
number of wires in its composition. 
Around the six wires forming the 
strand as used in the laid rope are 
placed another layer of wires, or. 
fO MACHINE perhaps, more than one ; otherwise 

f, yjfe A VI.. 
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or a pressing part of the mechanism. There are 
two types of machines, one of which makes the 
head by successive blows, and ^ the other by 
pressure. The latter machine [7] is the better and 
the more generally used. Its output is much larger 
' than that of the percussive machine. The output 
of a machine is from 100 to 300 nails per minute, 
according to size, and with mechanical means of 
yielding such an enormous output it is not sur- 
prising that the old-time nailer is extinct as a 
craftsman. Oout nails and wrought shoe nails and 
hobs, none of which are, however, made from wire. 


and is made by stranding six laid ropes together to 
form one rope. 

Flexible Ropes. Wire r^s or cables, 
are often required to be more flexible than is 
possible witff only wire strands. Such ropes arc 
necessary for marine purposes. The usual practice 
is to ma^ a wire row around a hempen core. 
Sometimes each indiviaual strand of the rope has 
a core of hemp. The making of such composite 
ropes presents no difficulties if the working of the 
ordinary stranding machines be understood. The 
saving of both bSk and weight by the use of 
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cables is very great. According to Lloyd’s regulations a hempen rope of 13 in. 
circumference and a wire hawser of 4J in. are considered of equal strength. The 
former weighs 40 lb. per fathom and flie latter only 15 lb. Wire ropes for marine 
purposes ate generally made of galvanised wire and have usually hempen cores. 

Manufacturing Wire Ropaa. The manufacture of wire ropes and 
cables represents the largest and most important use to which wire is applied, 
and its use is ever increasing with the growing demand for all 
kinds of metallic ropes and cables. The last iSfteen years have seen 
the introduction of many improvements in the construction of the 
machinery employed in the manufacture of wire ropes and cables. 

These improvements are the outcome of the ever-growing demand 
for better, stronger, heavier, longer, and more diversified wire ropes 
and cables. For many purposes, a great demand has sprung up for 
wire ropes and cables composed of a large number of nne wires, so 
as to render them more flexible, and to obtain the greatest possible 
certainty concerning their quality. 

Many very heavy cables are being used in connection with mines, 
bridges, ropeways, and similar work, and these can be made only 
on very large machines ; such machinery can make cables weighing 
up to 80 tons each in one length — that is to say, in the case of an 
S-strand cable weighing 80 tons, each strand has to weigh ten tons, 
and the cabling machine carries 8-strand reels. 

Considerable variety has been introduced into the manufacture of 
cables by the use of wire of irregular section, and machinery has been 
modifled to facilitate the use of irregular-shaped wires. Generally 
speakin" alio, many improvements have been made so as to facilitate 
the emplo 3 ^ent of high speed in the running of cable machinery. 

At the present time, stranding and cabling machines are running 
about ^ per cent, quicker than formerly. 

Wire WindiM, The first operation is the winding of the 
wires on to the bobbins of the machines. This has to be 
done with care and regiilarity, so that< the bobbins can 
contain their full capacity of wire, and also to ensure that 
the wires run freely from the^ bobbins. Wire- winding 

machines are made to wind simultaneously on to six 
bobbins if the bobbins are small, say of 5 in. to 8 m. 
diameter; if they are large, each winding machine is 
construct^ to wind one bobbin. 

Recent improvements have been introduced into the 
construction of these machines td make them automatic 
m action, so that whereas formerly one skilled man was 
required to attend to two machines, now one unskilled man 
can attend to seven machines. ' 

Fig. 10 represents an improved wire- wind mg machine. 

During the passage of the wire from the reel to the bobbin 
it is not only kept constantly tight, but also in constant 
contact with a horizontal guide or traverse-pulley, furnished 
with a groove. This effects a re^lar winding-on of the 
wire, with the result that on each bobbin the maximum 
quantity of wire is wound, and in the most regular manner 
possible. The traverse motion can easily be regulated in 
order to adapt it to the thickness oi the wire to be 
wound, and to the width between the flanges of the bobbin. 

A further important advantage results through the wire 
being treated with the greatest care in its passa^ from the 
ring to the spool. The traversing-puUey revmves in the 
same direction as the wire and runs at the same b]^(L 
so as to avoid all scraping or scratching, whion is 
damaging in the case of galvanised or tinned .wire. 

Strand Forming. The next operation is forming 
the wire strands, some of which are made with a hemp 
core, and some without core. All the bobbins containing 
the wires to be used in making the strand are placed in the wire- 
stranding machine, each bobbin in a steel frame or flyer. All the flyers 
are fixed in iron rings, which revolve round a central tube through 
which the core passes. If the strand is to be constructed of 19 wires, 
the stranding machine must carry 18 bobbins. The wires are drawn 
firom the bobbins with the utmost regularity, and passing through dies, 
th^ assume their proper position, and form the d^ired strand. 

Stranding machmM of the most modem oonsiruotxm must be able 
to make strands composed of a maximum number of wires, and 
be able to revolve at the maximum speed. The best means of 
attaining this is by combhihtt several machines together, and by 
IjP^^fing their diameter as smaU as possible. ^ 
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Combined Stranding Machines. A 

growing demand exists for combined wire stranding 
maohinee, capable of running at high speeds and 
makirg strands composed of a large number of 
wires. The principal reason for this is that ropes 
and electric cables possessing, among other special 
qualities, much “greater flexibility than formerly, 
are in ever increasing demand. These machines 
possess several important advantages, which we 
set forth by taking as an example a treble stranding 
machine composed of three sections to carry 6, 12. 
and 18 bobbins respectively. 

Each combined treble stranding machine is 
capable of being transformed into three separate and 
independent stranding machines in such a manner 
that each section can work in either direction, make 
its own strand, and wind it on its own reel. Thus : 

Section “ A *’ can make a strand of 7 wires. 

Section “ B ” can make a strand of 13 wires. 

Section “ C ” can make a strand of 19 wires. 

Each section can run at the full rate of the speed 
of which a machine of its size is capable. 

The sections can be run semi-indepondently. 

Sections “ A ” and “ B ” can be run together to 
make 19-wire strand, while section ‘‘C” is simul- 
taneously making n 19- wire strand: or sections 
‘‘B” and “C” 
can be run to- 
gether, making 
strand up to 31 
wires, while sec- 
tion “A” is 
making a 7-wii*e 
strand. When all 
the three^sections 
of the machine 
are combined, 
thev can be run 
in either direction, 
and produce 
strands up to 37 
wires, at the si^eed j ^ 
of section -- 

The three sec- \ 

tions, when com- ' 

binod, are able to 

make the strand 10. wire -WINDING MACHINE 

by forming a core, 



say of 7 wires, putting round it a layer of 12 wires, 
and puttit^ round it another layer of 18 wires. The 
three sections, when combined, are able to form a 
strand by carrying all the wires to the front lay- 
plate, and there combining them simultaneously 
into one strand of 37 wires. 

These combined machines are not merely several 
machines placed one after the other, but are specially 
designed for the manufacture of multi- wire strands. 
If stranding machines of ordinary construction are 
placed one behind the other, the length of the 
combined machine is enormous. To avoid this, 
each section is furnished with its own draw dnim, 
and, alongside it, its own winding-on apparatus, so 
that when each section is working as a separate 
machine, the three strands produced simultaneously 
are taken upwards, each passes round its grooved 
swinging pulley, then descends, and each one is 
^wound on to its reels. Some machines are employed 
to make Strands up to 61 wires by using a wire cOTe 
of 7 wires, and are composed of : 

Section A oanying 12 bobbins. 

Sootion “ B ** carrying 18 bobbins. 

Section ** C carrying 24 bobbins. 

For telop^ono oaSles, combined machines are 
made to carry up to 224 pairs of wires. ' 


Wire Cabling. Wire cable machines are 
made both of vertical and horizontal construction. 
The former are constructed each with six, eight, 
or nine flyers to carry the strand bobbins, and, in 
addition, each machine has one central flyer to 
carry the core bobbin. The bobbins vary very 
much in size, and may contain each from 2 tons 
to 10 tons of strand. 

Several important improvements have l)een made 
in these machines. For instance, the whole body 
of each machine, instead of revolving on one 
central step, now revolves on a series of steel balls, 
placed in special steel circular paths. This arrange- 
ment reduces very materially the power required 
for driving the machines, and does away with the 
annoyance and frequent stoppages arising from 
heating and wearing of the central step in the old 
style of machines. Each closing machine is 

furnished with an improved double-geared windmg- 
on apparatus, working automatically with self- 
acting traversing motion for winding the finished 
row or cable on to the reel. 

tale horizontal wire rope and cable machines are 
constructed to carry from six to 12 steel flyers and 
bobbins. The body of such a machine is mounted 
on a powerful steel tube revolving in long bearings ; 

— the core passes 

tlu'ough this tube; 
a stand is sup- 
plied for the back 
of each machine 
to carry the core 
bobbin. The rings 
of the body 
mounted on the 
tube rim on anti- 
friction rollers, 
which are easily 
regulated, s u p - 
port the body and 
facilitate the run- 
ning. The flyers 
carrying the bob- 
bins are made of 
steel. The bob- 
bins vary very 

)ING MACHINE s* 2 :e, say 

from a 5-cwt. to a 
60-cwt. capacity. Each machine has a suitable 
winding-on apparatus, with reel, indicator, etc. To 
ensure the maximum speed, the cast-iron body rings 
are hooped with wrought-iron hoops, shrunk on 
hot, as a security against the danger of accidents. 

Fig. 9 shows the longitudinal section of a Com- 
pound Wire Cable machine which makes the strands 
and lays the rope in one operation. It carries 
42 bobbins of wire, up to No. 11 gauge, and makes 
in one operation a 7-Btrand cable, 3 in. in circum- 
ference and without any splice, whatever may be 
the length and weight required. 

The driving is communicated from a headstock, 
by means of spur gearing, to a hollow central steel 
tube, 17 ft. 6 in. long, 6 in. external diameter, with 
hole through 2 in. mameter ; this steel shaft runs 
the entire length of the machine to the lay-plate, 
and carries the whole of the stranding mechanism, 
and is mode hollow to allow of the central core for 
the cable passing along the inside. By means of a 
sun and planet motion, the centre Vheel of which 
is fixed to the steel tube, motion is conveyed to six 
bobbins, which carry the six central wires for the 
six strands, and these bobbins are carried by them- 
selves on a separate ring. Then follow three other 
rings also pla^ on the central tube ; between the 
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iirpt and second rings revolve three stranding 
apparata, and between the second and third rin^ 
three other stranding apparata, all these six strana- 
mg apparata being c&iven by means of spur gearing 
fixed to the central steel tube, and motions are 
introduced for lengthening and shortening the lay 
of the wires in the sti'ands. The six strands pass 
through dies so as to ensure perfect rotundity, 
thence over guide rollers and through the head of 
the machine. 

After passing through the lay-plate, the six 
strands enter a set of dies, in the centre of which 
passes the core, and are thus formed into a cable. 

These dies can be set nearer to or farther from the 
lay- plate, according to the diameter of the cable 
being made. The finished cable passes five or six 
times round a draw drum 6 ft. in diameter, which is 
driven by gearing. An ingenious arrangement is 
attached to the dmivery end of the machine, which, 
working by friction on the edge of the cable as it 
IS being delivered, automatically records the exact 
length as it is being made. The operation of the 
machine will be understood from the above descrip- 
tion, but it may be interesting to odd that, assuming 
it is mtended to make a cable 
composed of six strands and a 
central con», the central tube, 
which carries the six stranding 
apparata, each carrying the re- 
tjuired number of bobbins all full 
of wire, being set in motion 
causes the six wire 
strands to issue from 
the six stranding 
apparata and to com- 
bine together. In 
their centre is jdaced 
the core of manilla, or 
hemp rope, which, 
having been pre- 
viously saturated 
with tar oil, passes 
along the middle of 
the central tube and 
takes its place exactly 
in the centre, where 
the six strands com- 
bine around it, and WIRE-WBAVmo MACHINB 

thus form the cable. Farmer & Sons, Ltd. , Salford) 

Umem of Wire 

Ropes* The industrial uses of wire ropes are 
always extending. At the top of the tree are enor- 
mous wire cables for suspension brid^. Messrs. 

B ichard Johnson & Nephew, Limited, of Manchester, 
recently made for a suspension bridge at Cincinnati, 

United States of America, two wve cables, each 
a mile long and each containing fi2,000 wires from 
end to end. The total weight of the two is 500 tons 
and the breaking strain is o,500 tons. Incidentally 
it is a source of national pride that an English com- 
pany con comjMte successfully for such articles in 
a high- tariff wire-manufacturing country like the 
Unitra States. 

Ropes for winding purposes find their chief sphere 
for use in mines [see page 3766]. 

Certain cautions roust be obeyed in the use of 
ropes for hoisting purposes. A steel rope is not so 
nexible as a hempen cable and the stren^h is 
seriousiy impaired if the pulleys ovwr which the 
ropes nm ore of too small a diameter. Such ropes 
alro should never be made to ceil in more than one 
direction, as is sometimes done. To oausea wire rope 
to coil in two directions, one opposite to the other. 


CofUtnued 


is to subject it to an undesirable strain and to 
shorten the life of its efficiency by one- half. Ropes 
for hoisting purposes should be freely lubricated 
when in use. 

Winding ropes for use in mines are usually 
about 4 in. in diameter, and the,( drums or 
pulleys upon which they run havff usually f* 
diameter of from 20 ft. to 30 ft 
Wire Netting* The trade in wire netting is 
very large. Yet it is little more than half a century 
old. In the ’forties of last century wire netting 
began to be made by cumbrous hand process, to 
describe which would have only a historical interest. 
It is with the wire-netting machine first invented by 
Mr. Barnard, of Norwich, in 1855, that we have con- 
cern. The wire generally used for netting is common 
annealed iron or mild steel wire. Wire-netting 
machines may differ in detail, but the principles of 
most are similar. They are invariably adaptable 
to make many widths of netting and many different 
meshes. The limits of width are from 1 ft. to 6 ft., 
and even up to 9 ft may be purchased. The 
meshes obtainable run from J in. up to 4 in., 
the larger sizes being usually called ‘‘ sheep ” net- 
ting. The most common meshes are 
from li in. to 2 in. The wire used 
runs from 20 and 22 gauge for | in. 
mesh, up to from 10 to 16 gauge for 
4 in. mesh. In this country the 
standard roll of netting is 50 ft. long. 

The usual wire-netting machine 
consists essentially of a number of 
tubes within each of which a tight 
coil of wire is wound, always by a 
special machine for the purpose. 
These tubes, which contain the so 
called “ helices ” of 
tightly • coiled wire, 
have at their top ends 
Bemicircular pinions. 
Another # series of 
wires is fed to the 
machine from bobbins, 
and are led through 
tubes also fitted with 
semicircular pinions. 
By a peculiar half turn 
n3?0 MACHUno sliding motion, 

Sons, Ltd., Salford) “ yfA\iz ” 

about as the wire is 
pulled througn the machine and rolled upon a 
cylinder. Suitable apparatus control the size of the 
mesh and the strand that forms the selvedge border. 

Wire Cloth or Geuze. Wire woven into 
fabric is used in many industries. The ^aper- 
making trade uses large quantities, the gold-mining 
indusfr’y has need of wire gauge of special quality, 
and flour millers make demands upon the wire- 
weaver. Wire may be woven so fine that 40,000 
meshes go to the square inch. This degree of 
fineness can be better appreciated by an illustra- 
tion. The half-tope photographic blocks used as 
illustrations in this article have a surface made 
up of minute points. There ore 14,400 of these 
points in every square inch, but the wire cloth 
mentioned above has almost three times as many 
holes as the half-tone block has points. 

This degree of fineness is, however, nnnsual. 
The maemne commonly employed for weaviM 
wire [11] oan produce a mesh of two to 100 
lufies to the lineal inch — ^that is, of from four to 
1,000 holes to the square inch. It is really a loom 
driven by power and is entirely autoihatio m action. 
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Fig. 42 illustrates the method by which this 
rotary motion is secured. E is an escape wheel 
with 15 teeth ; pi and p2 are light springs ; 
rl and r2 are small screws. When the armatures 
are actuated by alternating currents, the arm A 
[41] oscillates, carrying the centre of E from 
fade to side. \^en it moves from the left side, as 
shown, PI restrains its upper part, causing the 
imder side to move, so that another tooth comes 
round over p2. A movement of the armature 
from right to left in a similar way results in a 
tooth moving forward under pl, so that two 
oscillations of the armature produce rotation 
. to the extent of one tooth. 

Zero Setting Handle. As signalling 
must always begin from it is necessary 
to provide for setting the indicator needle to 
zero. For this purpose a handle, H, is pro^*ided, 
the oscillation of -- - - 

which produces the 11 

same effect on the 
needle as do the 
signalling currents. 

Combined 
Indicator and 
Bell. In the 
modem form the in- KL 

dic^tor is arranged ev 

so that it does duty ^ 

as a bell to call ' TL ^ 

attention. e -T 38 

The four pole ^ ^ 

pieces of the coils ^ J 

are extended up- Ae aA 

w'aros. A light, bar- ^ ^3 *^ 

shaped permanent q 

. magnet is provided v T ✓ r ■■ 
with soft iron T 4. / ^ 

ends, as armatures, Zj^ 

and has fixed to its JHI3pi|EK /m 

centre a project- in™ 

ing bell hammer. f STS 

This combination B 

is arranged on % 

pivots, so that it ^ 

rooks from side to ^ 

side under the 

influence of whkatstone a 

idtemating cur- S7. Generator armature 38. E 

rentft. Dell domes 40. Communicator mechanism 
^2. Indicator escapement 48. 

are placed at suit- current sounc 

aWe points to re- 
ceive the impacts of the hammer. The arrange- 
ment is on the same lines as the magneto 1^11 
[see Telephones]. During actual work the 
hammer is clamj:^ by a switch. 

The resistance of the indicator is 250 ohms, 
and of the generator 800 ohms. Fig. 48 is a 
diagram d connections. 

DcHble • current WorlUiif. Let us 
take, for example, a single-current sounder 
clronit, and ^ consider what occurs when we 
duress the key and connect the battery to the 
Uob. The first supply of energy goes to charge 
the line, and before this charge has reached a 
suitable value the distant receiving instmment 
cannot be actuated. Moreover, when we finish 


WHEATSTONE ABC MECHANISMS 
87. Generator armature 38. Endless chain adjustment 39 and 
40. Communicator mechanism 41. Combined bell and indicator 
42. Indicator escapement 48. ABO connections 44. Double- 
current sounder connections 


the signal and allow the backstop of the key to 
connect the line to earth, we leave the line in a 
charged condition, and this charge must escape 
to earth and leave the line clear for a second 
signal. On short aerial lines the time necessary 
for these charge and discharge operation? is 
negligible, but on long lines, and more especially 
on long underground bnes, the time is so con- 
siderable as to interfere with the signals. 

Capacity. This difference between the long 
and the short line is in virtue of their capaciti^. 
The capacity of lines on single-wrire circuits 
varies — firstly, (firectly as their surface, so that 
increasing either length or diameter increases 
the capacity ; secondly, inversely], as their dis- 
tance from earth ; and, thirdly, in the case of 
insulated underground wires, directly as the 
specific inductive capacity of the dielectric or in- 
... — sulating material. 

Immediately at- 
f^iDpts were made 
to work at high 
SV speed on long cir- 

I capacity 

I effect caused 
39 41 I trouble, but for- 

^ 1 tunatelv a simple 

eure was soon 
V * * * found. 

The sending ap 
5 40 ^ paratus was modi- 

f \ fied so that instead 

Kf of signalling being 

<i(Sir / done by currents 

for marks, and no 
^ ^ ^ current for spaces, 

gww 1 marks were made 

”1 ^ 
i- jo ' oH one direction and 

VP L.I.I*. e , =i — spaces by a current 

UwOL rfSSBh in the opposite 

, * j jw yjlJjSM-l direction. In other 

:\y^ |lWjT ^ords. after charg- 

* .44 ^1*1*1*' ing the line, say, 

positively, to send 
the signal; at its 
termination, in- 
ic MECHANISMS Stead of allowing 

iless chain adjustment 39 and the positive charge 

4. Combined bell and indicator to leak out com- 
iBO connections 44. Double- 

tr connections paratively slowly, 

the line is im- 
mediately charged negatively, the first part of 
the negative charge al^rbing the positive, and 
altering the condition of the line in a much shorter 
time. Thus we have double-current working. 

The single-current key is displaced by a key 
which controls both poles of the battery, and is 
provided with a switch for connecting the line 
to the reoeivine instrument when the key is not 
in ture for sencmig. Fi^. 12 [page 4607] shows a 
double^urrent key, while 44 shows it as given 
in diagrams. Our receiving apparatus must be 
pdarised, as is the P.O. standard relay. It is 
not necessary when working with double current 
to adjust the relay with a spacing bias* Fig. ^ 
is a diagram of a aoude-current sounder oir^t. 


Continued 
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their position. When there are four rails es in 
15, the first ^one below the top is called the friczz 
rail 

Proportions* The top rail is about the 
same width as the stiles, 3^ in. or 4jt in., and the 
lock and bottom rails are about twice that width. 
In ordinary house doors the top edge of the middle 
rail comes about halfway in the height of the door. 
Stiles always run the full length of the door, and rails 
are tenoned between. Tenons at top and bottom are 
haunched. as in 14. and to prevent breaking out 
during wedging, the stiles extend an inch or so 
at top and bottom. These extensions are called 
hornnf and they are allowed to remain until the 
door is being fitted in its place, when it is, of 
course, necessary to trim them off. Owing to 
their great width, bottom and look rails have 
their tenons divided into pairs, as shown in 14. 
In cases where a mortise lock has to be let into 
the door, the tenons there are generally made 
double, as well as paired, so that four distinct tenons 
occur on that end of the look rail. A sash door [16] 
is fitted with glass m its upper part, and the stiles 
arc often reduced in width, as shown. A doMe 
inargm door [17] is employed where great width is 
required, and continuous rails are considered 
unsightly. The middle stiles are continuous from 
top to uottom, giving the appearance of two doors 
meeting in the middle. The door, in fact, is made 
in separate halves, which are afterwards united by 
a tongued and glued joint, and also keyed by three 
pairs of folding wedges through the stiles, as shown 
in elevation and plan in 17. Large doors of this 
class are sometimes additionally strengthened by 
having a strip of flat bar>iron let into the top and 
bottom edges, the recess and iron being stopped a 
little short of the full width of the door, so that 
the cods of the iron shall not show. Sliding doors 
may be either battened or panelled according to 
their situation. Fig. 18 is an example of a large 
sliding door with an opening in it for a wicket 
door. Where the braces cross, they are supposed 
to be halved, but in many cases diagomfi Draoes 
are not used, or short ones are fittM between. 
The ends of diagonal braces should always butt 
against rails. If they are allowed to come against 
stiles, they tend to f(n*ce the joints open. A jib 
door is one made to form in app^anoe an unbroken 
continuation of the wall in which it oocurs. It 
closes flush with the wall, and skirting or dado to 
correspond with that on the wall is put across the 
door. A dwarf door is a very low one, of the 
character used for church pews. Revolving doors, 
used sometimes for public buildings, are constructed 
on the principle shown in 19. They are framed and 
panelled and their edges have projecting strips of 
rubber or felt to make a close joint and prevent 
draughts. They revolve cm pivots at top and 
bottom, and are arranged to fold if the passage is 
retired open. 

rantals and Mouldisiss* 80 to 25 

diow in section diff^ent forms of panels and 
mouldings employed in piwelled doors. The 
simtdest form of panel is a win sheet of wood fiat 
on Doth faces, and of the same thickness as the 
grooves into which its edm fit [80]. The same 
mbd of panel may be em^oyed but with various 
foHns of moiMing round its eckes. Moulding may 
be pot cm both sides, as in 2i, or only on one. 
Owiog to difficulties with shrinkage, mouldings 
across the ^ahf of panels are sometimes 
omittea and mouldmgs with Ihe grain ooly are 
put on. The moulding in such oases is usually only 
a bMid, and the panel is called a bead haU, When 
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continued round the panel, the latter being flush 
with the frame, as in 22, it is called a head flush. 
Mouldings may be separate and attached after the 
door is framed together, or they may be worked 
out of the solid either on the stiles and rails of the 
door, or on the edges of the panels. When a panel 
is flush with the frame on one side, as in 22, a bead 
is employed which may be on either the panel or the 
frame. In 22 it is shown on the frame, which is the 
best way. When on the panel, it is necessary to 
mitre a separate bead in, across the grain, and this 
prevents the panel from shrinking, or rather forces 
it to split if it shrinks. A holection moulding stands 
above the surface of the frame, as in 28, and fits 
round the edge it comes against, so that shrinkage 
does not produce an open joint. Besides the sunk 
and flush panels already noticed, we have the 
raised and fidded [24], the raised, sunk and fielded 
[26], the raised, sunk and moulded (which only 
differs from 25 in having a moulded sinking instead 
of a straight one), and the chamfered, in which the 
chamfer of the raised panel is continued to the 
middle of the panel. 

Doors are made of hard or soft wood, according 
to the quality required. Oak and walnut are con- 
sidered the best woods for high-class doors, both 
external and internal. For common doors ordinary 
deal is used for either situation, or pitch-pine for a 
slightly better class of door. For good interior 
doors, mahogany is popular. In some cases they 
are veneered. 

MarRing Out. Before beginning to make 
a door, it is marked out in full size longitudinal and 
transverse sections on what is called a [26]. This 
is a thin drawing-board of suitable length and width. 
It is generally about | in. thick, without battens, 
so that both faces can be used. These rods are 
kept for permanent use when doors of similar 
dimensions and character are frequently wanted. 
The lengths of stiles and rails, positions of mortises, 
etc., are transferred directly from this to the 
planed-up lengths of wood, the parts being laid 
cm the drawing on the rod, and distances carefully 
marked from one to the other with knife or pencil, 
thus avoiding risk of inaccuracies by measuring with 
a rule. In parts which have to correspond with 
each other, as, for instance, the stiles, one is marked 
from the rod and the marks squared across it, and 
then the other stile is cramped to it, and the marks 
continued across that. The rods contain as many 
sectional views as are necessary to give all par- 
ticulars of the door. Face views of ordinary 
doors are not required. 

Fitting Tofether. The parts are all marked 
to show how they go in relation to each other, and 
the thickness of mortises and tenons is gauged from 
the same face of each piece. The mortues and 
tenons may then be cut and the grooves for the 
panels ploughed. The width of the g^poves may 
be either the same or less than the mortises, but not 
more, or the haunches of the tenons will be too thin 
to fit it. A similar noove is ploughed in a block 
eff wood, which is use^ as in 27, to see that the edges 
of the panbls fit it correctly. Fig. 28 shows how a 
pair of tenons are out by hand. The method is 
applicable to many other oases besides that illus- 
trated. A hole is bored with a centre-bit in one 
comer, and a keyhole saw inserted and a out made 
along the root of the tenons. The two outs down 
the tenons may be made with a handsaw. 

Each joint is tried toget^ separately, and a 
straJ^ted^ laid across to wee that the ji^ts are 
in Im. n they are not, the tenon or mortise mwtk 
he eased to bring them sa Then the entire frame 
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should be tried together to see that it does not 
wind. For gluing up, a special bench, as shown 
in 29, is very convenient. It has a longitudinal 
cramp for the muntins, and separate cramps can 
be uid across the stiles. Cramps are employed as 
a simple means of pulling the shoulders of the joints 
up tight until the W’edges have been inserted, after 
wnich the cramps may be removed and the door 
laid aside for the glue to dry. Glue joints of this 
kind cannot be made as perfect in character as 
rubbed joints previously described, partly because 
the parte cannot be rubbed and properly cramped, 
and partly because the glue cannot he applied to all 
the parts quickly enough. Where large numbers 
of doors are made, machines in which all the parts 
are cramped instantly by a simple movement of 
foot lever and hand screw' are employed. Window 
sashes are put together similarly. 

Door Frames. As doors cannot be fitted 
directly mto an opening in masonry, it is necessary 
to have a wood frame or lining provided with a re- 
bate or stop to receive the door. In its simplest 
form such a frame is made as in 80, the projecting 
hems at the top bemg built into the brickwork, 
or if this cannot be done conveniently, the frame 
is constructed without them. The head piece is 
always fitted on top of the poets or jamhs^ oecause 
the fra..ie is then better able to sustain weight than 
if it was t^oned between. Door frames are some- 
times made with a sUl as well as a head, but more 
frequently they are open at the base, like 80, and 
dowelled,*^ or Socketed into stone or concrete, as the 
case may be. The stop is usually formed in common 
work by nailing strips ^ in. thick round the inside 
of the frame, allowing for the thickness of the 
door. Fig. 81 is an example of a frame with a 
segment head, the head being cut from a solid 
piece. When the depth is so great that a very wide 
piece of w'ood would be required, and the grain 
would consequently be very short, the head is 
formed in two pieces, as in 82, held generally by 
a handrail bolt. Tliese bolts were formerly 
employed chiefiy for uniting len^hs of handrailing, 
but have been found very useful for many other 
purposes in joinery. The position of the bolt in 
the wood is dotted in 82, and the bolt itself is shown 
in 88. Recesses are cut in the wood to a suitable 


depth and in correct positions for the nuts, and the 
bolt hole 18 bored from the joint into each recess. 
ITie bolt is provided with a loose nut at each end, 
one being square, and the other, which is turned 
when tightening up the bolt, is round, and provided 
writh slots, so that it can be turned with a screw- 
driver, or more properly with a special tool called 
a handrail punch. Dowels are generally inserted 
in addition to the bolt. Fig. 84 is a frame with a 
semicircular head. This may be bolted also, but 
is better built in segments, as shown, the front 
being in three segments and the back in two. 
The transom is tenoned into the jambs below 
the segments. The curved portion is united to 
the jambs by a hammer-heacmd key joint shown 
, m 85. This is an alternative to the handrail bolt, 


but is slightly more rigid, though, of course, taking 
more HMe to fit key is made to fit closely 
along the sides, but is slack endwise until tightened 

a m wedges. This pulls the joint together. In 
^ bottoms of the jambs are shown fitted into 
east-lroci shoes instead of provided with dowels. 
These shoes are made of the same section as the 


jambs* and the ends of, the latter have to be ^oul- 
dned down to 4t into them. The shoes are stmk 


a lit^ way into stone or concrete, and the wood 
is thus protected. ^ ^ 




LininiES. The frames for internal doors are 
generally thin and of a boxed-up character J86], the 
wood being carried not only across the interior faces 
of the opening, but also for some inches over the 
wall surface on both sides. This provides both a 
gauge for levelling the plaster up to, and a wood 
surface for the further attachment of architraves^ as 
the moulding round a doorway is called. The wood 
within the opening is called, at the sides, the jamb 
lining, and at the top the soffit lining. The wood on 
the faces of the wall, forming a foundation for the 
architrave, is called the grounds. Its back edge, 
against which the plaster comes, is undercut or 
grooved to form a key for the plaster. When the 
widths of the pieces of wood exceed 6 in. or 8 in. 
they are not made solid, as in 36 to 88, but are 
framed as in 89, 40 and 42. It is best both in 
solid and framed linings to allow a little air space 
between wood and masonry by backing the linings 
with narrow strips about 2 ft. apart. Generally the 
grounds are not treated in this way, but when their 
width is considerable, are made in an open frame- ’ 
work as in 40. Strips are shown behind the jamb 
and soffit lining in 8o, with their ends supposed to be 
dovetailed into the grounds. A strip is also showq 
behind the jamb lining in 88 and 89. Another 
method is to make a skeleton lining [41], to which 
jambs, soffit, and grounds are attached. When the 
width of the lining is considerable it is sometimes 
framed, as in 42. 

Fixing Wood to Maoonry. In doorways 
and other situations where wood has to be attached, 
breeze bricks are generally built in at intervals 
and into these nails are driven. When this is not 
done bricks or stones have to be plugged, or nails 
or suitable iron attachments driven in or built 
into joints. The simplest and best way to plug 
is to drill a hole 2 in. or 3 in. into the Wickwork 
or stone, and drive a wood plug tightly in. Into 
this a nail can be driven. The We should not be 
larger than necessary, because a needlessly large 
plug may shrink and become loose. Half-inch 
diameter is enough for most purposes. The kind 
of bit used is shown in 48. Sometimes s^are holes 
are chipped with a narrow chisel. Sometimes 
mortar is chipped out of a joint and a thin, wide 
plug driven in, or a piece the size of a brick and 
I in. thick may be built in. Sometimes plu^ are 
tapered and cut winding, but nothing holds better 
than a tightly-fitting parallel plug. Frames inserted 
after walls are built are tightened by long, thin 
folding wedges in place of backing strips. 

Fitting a Door. The door to be fitted in 
place is supposed to be a little larger than required. 
Tlie frame into which it fits is supposed to be 
square and parallel each way, but if it is ho, 
the door must be made to 'correspond wgh it. 
If the frame is square, it should measure tbe same 
each way when tested diagonally, or a large square ' 
should fit all comers aluce. Assuming it to be 
square a strip may be out to the length and anothw 
to the width of the openif^. f From these lengths 
the required reduction for joint allowance must be 
made. If the door and frame have to be painted a 
slight amount must be aSowed" for that, and if put 
up in summer something extra must be allowed 
for the swelling th«t ^ take place in winter. 
Plenty of clearance always be allowed at 

the bottom and ^iurlittle as possible at the top* 
because the door m\ tend to sink a little from ita. 
own weight. JK it nas to be reduced much in siie 
it is best to mark^^es all round on one face at equal 
distance in edges, and plane down to tkme. 

The ends fbwd be planed, or shot, first, because 
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there will then be less risk of damaging the corners 
in^^laning the end grain of the stiles. 

HinglniS* Hinges should be attached to the 
door first, and then the door held in position while 
screwing to the door frame. The usual method with 
oidinary butt hin^s is to sink them into each 
surface as in 44 and 45. To ensure a close joint at 
the hinges, the hinge flaps generally have to be sunk 
very slightly below the surface of the wood, but 
if too much is allowed the wood will meet and 
bind before the door is closed properly. The 
simplest w'ay is to set a gauge direct from the 
closed hinge as in 46, taking Imlf or slightly less 
than half "the thickness over the two flaps, which 
when parallel with each other are slightly apart. 
This is gauged on the door and frame at the places 
where the hinges are to go. ‘The width o( the 
recesses may be obtained similarly by setting a 
gauge, as in 47, to the width of the hinge from edge 
to centre of pin. The hinges are then laid in posi- 
tion on the door and their lengths marked with a 
knife. The recesses are cut out with ^ a chisel 
and the hinges screwed to the door, care being 
taken to insert the screws square with the surface, 
so that their heads will not appear tilt^ when 
tliey are in. With the flaps open the door is placed 
in positiem against the jamb, the hinge lengths 
maAei" on it, recesses cut, and one screw inserted 
in each hinge. If the door works properly the 
others may then be put in, but if not the required 
adjustments can be made before further holes are 
bored. 

In some rather exceptional cases the hinges are 
fitted to stand out as in 48, so that the door mtiy 
be fully opened, as in 49, without binding against 
inwulding when still only partly open, as in 50. 
The amount to which the hinge must ^tand out is 
ascertained by measuring from a straightedge as 
in 51. The distance the centre of the hinge pin 
stands beyond the face of the door and jamb must 
be only half the amount measured, because when 
the hinge is opened the centre of the pin comes 
haU-way between door and jamb, throwing the 
door out to twice the measur^ distance. Hinges 
with their knuckles standing out in this way 
leave a wide crack between jamb and bingo stile 
of the door when the latter is open. Hinges with 
the ^ntre of the pin flush, as in 44, leave the 
minimum. If hinges are set further in than this 
the comers of the wood must be removed to enable 
the door to swing at alL Hinge pins must always 
be in line with each other, or a door cannot work 
properly. 

Hinges are sometimes tilted, as in 52, to throw 
the knuckle to one side so that it corresponds with 
a bead on one or other of the pieces of wood. 
When edges are too thin to have butt hinges of 
suflScieQt strength attached, hinges are put on the 
laces of the wood instead, as in 58. Tlie hinges 
nsed are a little wider than butts, and are known 
ns hack fap hinges. T^e proM garnet hinges used 
ior iedged ^iaoM«^[9]'are also put on the moes but 
are not let into the surface. There are other 
varieties of hinges and meUiods of hanging doors 
which ore em^floyed in special cases. 

Windows. Windows ^y be either fixed or 
to open, either on hinges or by slid^ In 
die first cose nU that is necessary is a solid wood 
firanse fitted in the wall opting to receive the glass. 
ISk the second the glass is contained in an inner 
Inaae or sa^ which fits within the outer frame. In 
vertiDalty sliding sashes the outer frame must have 
ka sidles cased to cohiaiu balance weights. There 
ore also some patented improvements on 4>rdmary 
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sliding sashes which dispense with weights and 
enable the sashes to be easily removed for cleaning 
the glass. 

Jointg in Smnhes* Sashes are mortised and 
tenoned together as in 54 to 56. The meeting 
rails of an ordinary pair of sashes, being shallow, 
are dovetailed to the stiles as in 57, or a fenon the 
full depth of the rails is employed by prolonging 
the stile in the form of a bracket as in o8. In 64 
the moulding is mitred. In 55 it is scribed, which 
does not result in an open joint if the wood shrinks. 
In 56 it is part mitred and part scribed, which avoids 
the feather edge of wood necessary when one part 
is made a scriwd fit round the other. Mouldings 
are mitred with a chisel guided against a mitre 
templet, which is placed on the work, os in 69, 
and generally cramped. These templets can bo 
made of wood The one shown is supposed to bo 
of metal, in skeleton form merely for lightness. 
Thick sashes are sometimes jointed with double 
tenons, or the single tenon is supplemented by 
tongues on each side. 

When sash- bars are inserted they are tenoned 
into the stiles and rails as in 60. In the bottom 
rail, which is deeper than the rest, they are stub- 
tenoned. Where they cross each other they are 
generally fitted as in 61. Sometimes a dowel, as 
shouTi dotted, is inserted in addition; and some- 
times only a dowel is used, the bars merely butting 
together. Sometimes the tenons are reduced in 
thickness and lap over each other as in 62. In 
this example the bars are shown mitred instead of 
scribed in 68 they are shown halved together, 
but this latter method is suitable only for mould- 
ings with a broad, flat top. 

Scribed Joints in Sash>bars. The 
simplest method of making a scribed joint in a sash- 
bar, or other moulding, is to mitre the end as in 
64, and then remove the mitre by cutting trans- 
versely with gouges and chisels back to the outline, 
or eight line, where the mitred portion finishes. 
This gives the correct outline for meeting another 
member of similar section. As a tenon usually 
has to be formed on the end, the actual practice 
is to mitre and then scribe only the moulded 
portion of a sash-bar as in 65. Fig. 66 shows the 
method of using a gouge in cutting a scribed joint. 
A scribing block to fit the moulding is necessary to 
cut on, otherwise the under edge of the moulding 
would get split away in using the gouge. Another 
method not always practicable is shown in 67. 
In this case a chisel is used and no scribing block 
is necessary. Fig. 68 shows still anothei* method of 
paring a curved portion with a chisel without the 
use of a block at all. This also is not practicable 
in some cases, because a projecting portion behind 
would prevent the chisel from being used in that 
way. 

Construction of Snoheo. In ordinary 
sashes which slide vertically the vertical bars are 
continuous, and the horizontal ones fitted between, 
this being the best arran^ment for resisting the 
stresses and shocks to wfeh a vertically moving 
sash is subject. In sashes hinged like doors the 
reverse method is better. The tniokness of sashes 
is usually about in. The stiles, and also the top 
rafl of upper sashes, jp,es«ure about the same in 
width as in liiiokness. ^ Meeting rails are about half 
the depth, and the bottom rati about twice. It is 
not often that fitouldings of sashes and bars are 
Tfianed by hand, but the method is shown in 69 . 
The i^bme must^ of the form required^generally 
what IS knoim as a lamh'B tongue moiddmg is em^ 
ployed. The meeting rails, on the side whke they 
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come in contact with each other, have to project 
beyond the face of the stiles, because the latter are 
separated by a bead. The joint between the two 
meeting rais may be plain bevel, like 67, or a better 
method is to step them, as in 70, which prevents a 
knife being inserted from the outside to open the 
catch. To keep the rails flush on the underside, as 
in 70, the lower one is grooved for the glass instead 
of rebated. In all other parts tlie glass fits into a 
rebate, and is held by a bead [71] or by putty. 

The best way of attaching the cord for the weights 
is shown in 1% but sometimes the cord is merely 
nailed into an open groove ploughed in the stiles. 
Ill 72 a knot fitting in a hole in tne side of the stile 
prevents the cord from pulling out. The groove 
may be either open its entire length or preferably 
closed for a portion, as shown. The cord should 
extend 12 in. or more down the sash. It is carried 
up over small pulleys in the upper part of the stiles 
of the window frames, and weights are suspended 
by it inside the casing. Fig 78 shows a sash wedged 
up in wood cramps specially for the purpose. 

Frames for Sliding Sashes. A per- 
spective view of an ordinary frame with parts 
removed J shown in 74, and a section through one 
of the sides Sr jambs, with the weights inside, is 
.shown in TO. The b^tom, or sill, is invariably 
solid, and of teak or oak sloped outwards to throw 
off wet. The top may be solid also, but frequently 
it is of thin material, as in 74. The lower ends 
of the stiles are rebat^ into the sill and tightened 
by a thin wed^ in the rebate, which is tapered to 
fit it [74]. The upper ends are either housed or 
tongued into the head, as shown. In good modern 
work all parts of the jamb casings are rebated to- 
gether. The pulley stile is generally tongued on 
opposite corners, as in 76, because the outer lining 
extends solid beyond it, while the inner has a loose 
bead, which necessitates keeping the groove farther 
back. This bead, and also the parting bead in the 
middle, arc not attached till the sashes are inserted 
111 the frame and it is necessary 'to detach them 
again to get the sashes out. The inner bead, there- 
fore, sliould be screwed in place and fit into a 
rebate. It is always made slightly to overlap the 
joint between stile and inner lining, I'iie parting 
iiead should fit in a groove, and is generally held by 
firads. The outstanding faces of the meeting 
rails of the sashes have to be cut away to clear the 
.parting bead. A thin back is attached to connect 
the two linings, and a parting slip is required 
between the weights to prevent them from striking 
each othei’ or getting entangled. Its upper end 
tits in a slot in the he£^, and a brad or wood pin is 
put through the projecting end to suspend it. 
Sometimes it is attached at the back as ^1, but 
generally it Jiangs loose [74]. For convenience in 
getting at the weights when necessary without 
puiiing the frame a^iart, openings called pwkets 
are made, and closed by pocket piecen, shown in 74. 
It is not necessary to have tliese ojienings the full 
length of the weights, because the latter can be 
slipped in or out in an kielined direction. When 
hituoted as in 74 they are concealed when the lower 
sash is shut Very often they are made central 
in the casing, and the parting bead between the 
sashes must be removed before the pocket piece can 
be taken out. The chief objection to making it as 
in 74 is that it is sLu^y more weakening to the 
pulley stile. The bead round the inside of the frsme 
may be either phun mitred, or ston mitred, as in 
76. Tbe purtiog bead is reqvired ooly on the {wiley 
stfles, but is eometitnes carried across the hmd of 
the frame also. 
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Sills. The under edge of the lowei- sash is 
bevelled to fit the slope of the sill, as in 77, and the 
inner edge of be^ and sash should be bevdledalso, 
as shown. If a plain unbroken joint were made 
between sa^ and sill, water would get through by 
capillary attraction. This is prevented by making 
a groove called a throat in the under ed^ of the sash 
rail [77]. The sill is also stuped and throated at 
the outer face of the sash, l^tween the wood sill 
and the stone sill a thin strip of iron is inserted 
like a tongue [77]. This is called a toater &ar, and 
prevents water from p^etrating beyond it. Some- 
times R step is formed in the joint between sash and 
sill, as in 78, and occasionally a weather-board, as 
dotted, is added also. In 78 the bottom rail of the 
sash is made extra deep, and the inside bead re- 
placed by a deep bar. The sill and head are nafled 
to the stiles, and the inner, outer, and back linings 
are nailed also. 

Hinged Windows. These, when hinged to 
the jambs like doors, are called casement windows, 
or, if they ore carried down to the floor, French case- 
ments. As no space for balance weights is required, 
the frames in such cases are solid, like door frames. 
The sashes in any case do not differ essentially in 
construction. The usual plan is to have two sashes 
meeting in the middle, sometimes arranged to open 
outwards and sometimes inwards. Tbe meeting stiles 
come together direct without the interposition of a 
post, the joint between them being one of the 
forms shown in 79 to 88. The most popular is 
the hook joint [79]. On the Continent the joint 
shown in 80 is pr^erred. Fig. 81 is about the 
simplest form of joint possible. In 82, pjeoes of 
hard wood are screwed on to the stiles. In 88, the 
joint is complicated by grooves and beads to shut 
out draught. In all these cases the meeting edges 
are at a slight angle instead of square with the 
(jasement, so that they separate and come together 
without friction. Fig. 84 shows how a bead and 
groove is often arranged at the hinge stile to prevent 
draught and entrance of water. 

In French casements the bottom rail is mode 
extra deep, and sometimes the lower port of the 
sash has a wood panel. Casements opening in- 
wards are more troublesome to make watertight 
at the base than those which open outwards. On© 
method is shown in 85, in which a metal tongue 
stands above the surface of the sill. Another is 
shown in 66. In this case there is no ineta}, but a 
channel is formed inside the stop to odlect con- 
densed water, or water which gets beneath the door. 
Holes are bored at intervals, as dotted, to conduct 
the water away. There are also various forms of 
patented water bars for in ward- opening casements. 

Fanlights and other small windows may be hinged 
either at top or bottom, or be pivoted a>t or near the 
middle of the stiles. The frames and sashes of 
these are all very simple. 

Muiiions. These are intermediate posts be- 
tween sashes, and are necessary in windows of 
reat width, and at the angles of bay windows. In 
oth of these kinds the side sashes are often fixed, 
and only the central ones made movable, the former 
usually being narrow oompared with the central 
sashes. As it is desirable to keep the mullions as 
narrow as possible, the cords for the weights 
are often carried over the fixed sashes (87] to avoid 
boxing up the mullions to contain them. In hay 
windows this is scarcely practicable, and the weighto 
are arranged in the muiUons, the outer portion of 
wfrieb is <01160 masoary. Fi|^ 9 B dLftwa an arrju^- 
aient ai waights ia the uniliKoi of a bay window in 
whkfh all the sashes are htmg, the weights being 
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consequently four in number. An alternative is 
to make two separate boxings in each mullion 
similar to those in ordinary frames. In bay windows 
the sill and head of the frame have to be jointed 
at the mullions where the angle changes. Half-lap 
joints are employed for this purpose in the head, 
and sometimes in the sill, but a mitre joint is often 
preferred for the latter, secured by handrail bolts 
and tongue. 

Shutters. These may bo made in flaps, 
hinged together to fold into boxings at each side of 
a window; or they may be lar^ panelled frames, 
arranged to slide either vertically or horizontally; 
or a number of separate shutters may be employed 
ns was formerly the usual method of protecting 
shop fronts. For this latter purpose revolving 
shutters winding on a drum are now the most 
popular, but as the3" are constructed chiefly or 
entirely of metal, the joiner is concerned only with 
fitting them into place. The first mentioned kinds 
are framed and panelled in the same way as doors. 

In 89, folding or boxing shutters are shown folded 
into a boxing at the side of a window, the panelling 
below the window board matching the shutters. 
Tn 90 a two-flap shutter is shown in a splayed 
boxing, and the dotted lines show it partly drawn 
out. In 91 a shutter is arranged to fold against 
the wall, with no boxing. The dotted lines show 
it closed over the window. The rule joint, when 
the shutter is turned back against the wall, has 
the a})pearance of an ovolo moulding. Folding 
shutters are sometimes arranged on the outer 
side of windows, but the usual practice is to 
have them inside. The Joints between flaps arc 
always made to overlap by means of rebates, as 
shown. Fig. 92 shows the most popular form of 
sliding shutters. They move vertically, and are 
balanced by weights, similarly to sashes. They 
dro]) into a s}»ace bemeath the window board, which 
is binged as shown. A hinged flap is provided 
to cover the grooves and cords in the stiles when 
the shutters are down, Before drawing them up, 
this flaj) must be oy)ened and turned back between 
the shutters and sash frame. One shutter goes 
right to the top, covering the up|XT sash, and the 
other covers the lower sash, the shutters being 
secured by a catch or thumbscrew through their 
meeting rails, which overlap eich other an inch 
oi’ so. Horizontally sliding shutters are sometimes 
employed, and slide in rails attached to the wall, 
outside or inside the v^indow. 

Skylights. The simplest form of skylight is 
glass fitted on the roof |98]. It fits in a groove 
at the top and a rebate at the sides, the bottom 
being left free to throw off water. For the same 
reason, if more than one length of glass is used, 
the sheets must overlay). In 94 a frame intended 
to fit into a trimmed space in the rafters is 
shown. The glass is inserted in the same way, but 
a bottom rail is provided for it to rest on. The sur- 
face of this rail is recessed as shown, to allow* con- 
densed moisture from the under-side of the glass to 
escaj^. The bars are stub-tenoned into the top rail, 
and usually notched into the bottom. The under 
edges of the frame are throated, and sheet lead is 
(mi ployed to cover parts whore water might pene- 
tiate. In the best work, channels are provided 
beneath the glass in the sides of the bars and frame, 
to conduct condensed moisture. 

Dormer WIndowe. For those [95] a 
trimmed space is provided in the rgfters, and the 
wdndow limbers are built into this. The corner 


posts, which represent the jambs of the window 
frame, are shown continued down to a joist, the 
inner surface beneath the window being boarded or 
lathed, and plastered over. Another plan is to let 
the lower ends of the posts bear on the trimmer or 
on a piu-lin. The studs and capping pieces arc 
notched to fit the rafters. 

L#ant0rii LightA. These [961 are glazed 
constructions built either on a flat roof or on the 
summit of an ordinary roof. The slopes are usually 
hipped, and the sides provided with windows, either 
pivoted or hinged at the top. An alternative is 
to fit the sides with louvres, which may be either 
slats of wood or ^lieces of glass fixed at an angle in 
the frames in A enetian blind fashion. In flat 
roofs lantern lights rest on the timbers which 
trim the space. In sloped roofs queen post trusses 
are generally utilised, so that the corner posts 
of the lantern l%ht form a continuation above the 
queen ]:)ost8. The interior below the windows is 
generally [)anelled or boarded to cover the trimming 
timbers. Fig. 97 is a vertical section showing a usual 
arrangement, the windows in this case being hinged 
at the top to open outwards. Fig. 98 is a section 
tlmough the ridge. In many cases the frames are 
fitted together without a separate) ridge and hips. 
Where the latter are employed, as in 98, their 
depth cannot be quite the same because of the angle 
at which they meet. As these parts aie usually 
moulded, this is important, because the moulding 
of hips and ridge must be of different section, to 
enable them to correspond with each other at the 
inclined joints. The adaptation of one to the 
other will be dealt with further on. when treating 
of mouldings. 

Length and Angles of Hips* As neither 
a ])lan nor an elevation of a roof can give true plans 
or elevati(ms of the hips, these have to be obtained 
by geometrical methods. Fig. 100 represents a plan 
of one end of a hijiped roof, such as the lantern 
light in question, and on it the actual length of 
the hip is developed at C B. Fig. 99 is an elevation 
of the roof from which the vertical height, A B, 
is taken, and projected from A to B on 100, at 
right angles with the plan line of the hip A C. A 
line drawn from C to B gives the actual length of 
hip on its uyiyver, or longest edge. The angle at B 
is the angle required to lit a vertical joint at the 
end of the ridge as in elevation 102. 

In some <mscs the top edge of ridge and hips 
have to be backed — that is, a double angle, as at K 
[1011, is formed to correspond with the two planes 
of the roof which meet along the line of the member. 
In the ridge this angle is simply 30°, or whatever 
the roof slope happens to be. In the hips the angle 
must be obtained by the method shown in 101. Tne 
hip length DE is first developed as in the previous 
figure, and then a point, F, is taken at any ])osition 
oil the line DE, and from this a line is projected 
at right angles to cut the hip line, CJE, at H. 
Through H a line is carried at right angles, cutting 
the roof edges at I and J. With H as a centre, 
and radius HF, an arc is drawn to K. Lines from 
I to K, and J to K,‘'give the angles of the hip 
backing. Fig. 102 is an elevation and plan of the 
junction of ridge and hips. At their lower ends 
the hips are notched on to the head frame, the 
corners of which are halved together. The sill 
is generally mitred and bolted. The j^osts are 
stub-tenoned into sill and head. The sill rests 
on a stout frame called a curb, which in timn rests 
on the trimming timbers of the roof below. 
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By Xh*. J. TRAVIS JENKINS 


]at« years much atteutkm has becu 
to th^ af>plication of hfolo^cal a»d hydro- 
grjt|ihica] in^estigat ion to the eluc idation of profcaems 
oomeeted with the sea fisheries. Schools of ‘‘fishery 
Msienoe ” have been established, notably at Bei^gen 
asd Kiel Marme stations have heen erected and 
aqnifiped with the latest and most np-to-cdate 
apparatus for the study of apcfdaed marine iuology, 
aiid pcacticaliy every European edbntry with a sea 
ooaid Ims one or more bioiogicai stations. 

Isstitxitkms lor the baidMtg o£ sea-fish are sprmg- 
ing up wrofoid the ooasts of N<irtiiem Europe and 
Anneraca, and some are already in fcdl warktng 
order. They ^aist in England at Piel and Port 
Erin, and ’n Scotland at Aberdeen. 

An Ittteniaticmal Council. For the 

last five years an international cmincil of 
scientific men has been engaged in the study of the 
causes that affect the harvest erf the seas, and an 
enormous sum of money has Ix^ expended. Tbe 
central laboratory is established at ‘Christiania, and 
the office of the central bnrean is at Copenhagen. 
Each conn'try has, in addition, its own laboratories, 
steamers, and a trained staff of naturalists, hydro- 
graphers, chemists, and physicists, all working to a 
common end. Voliii«i»o«s reports appear from 
time to time, and as the rosidts to he chtained may 
have an tmport«n t bearing on the fisheries, *eep©cially 
with refer en ce to future legislatkm, it is well for 
the frrtefligent fiahermim to leani something of the 
methods employed by expert scientific men, and 
the results which have up to the present been 
obtained. 

OmskJerable attention is now being devoted to 
tlie phynioal, as distmgni^ied from the biological 
oonditions which obtain in our seas. The methods 
of observation which were first of all practised by 
the famous Challenger expedition are he'ng now 
amplified and applied to the fietermination of those 
changes in the physical condition of the seas which 
inay reasonably be supposed to affect the presence 
of fish, and consequently the success or otherwise 
of the fisheries. 

Physical Character of Sea Water. 

The characters of sea-^ter ( apart from the pie nkton , 
which is aaparately considered) that are investi- 
gated are the temperature, Btdiniiy, denmty, and 
gaseous contents. By means of the first three data 
it is possible "10 trace the movements of large bodies 
of salt water, and to determine at given seasons of 
the year whence the water in our seas — ^the North 
Bea, English Ohannel, and Irish Sea, for instance — 
is derived. The movements of shoals of fish, such 
as the herring and anchovy, may possibly be cor- 
related with wie movements of l^ies of water of a 
certain temperature and density.* It is claimed that 
the anchovy fishing in the Scheldt is closely oon- 
neoted with the temperature of the sea, and that 
th® arrival of the autumn herring off the Norwegian 
loosst oorrefipoiids with the appearance of water of 
high temperature and Tnedinm salinity. At present 
these observations are carried tmt on the special 
sfeamers subsidised by the various Governments. 
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How the See hi Atialyeed. The methods 
are briefly as fdllows : Soundings are tahen to 
deterrnme the depth and nature of the bottom ; 
obsMvations of tjeraperature are made at the surface 
and at varying depths. Samples of the Boating 
organisms are collected at the surface and at varieros 
de^B. The temperature, pressure, and humidity 
of the atnH>fqffK5pe are also noted. Bamples ^ 
water are also collected for analysis. The results 
are then oolleeted and deduct iems drawn at the 
shore laboratories. Charts ore publifdied ohowing 
the lines of equal temperature {imiherms) and lines 
of equal salinity (isokaiines). 

It has been ^und that during the year 1903 the 
waters in the English Channel were derived in 
February and May from the Bay of Biscay, in 
August from the Iririi Bea, and in November from 
bo^ sources. North Rea water is derived from 
three main sources : (a) North Atlantic water of 
hi^ density enters chiefly from the »or1h-wost: 
(h) Baltic water of low density enters at a surface 
current from the Rkagerack ; and (c) North Rea 
water of medium sslinrty. There is also what is 
known as Bank water forming A fringe to the 
coaot line. It oonsiots ctf a mixture of Awantic and 
Baltic waters. There are various seasonal changes 
in the inflowing and outflowing currents, which 
prove that the North Rea fishing grounds are 
subject to periodical variations with respect to the 
water covering thcro. The ultimate bearing-^ 
hydrographical observations on sea fishery pro 
is for the future to decide. They are stiH 
carried on, and it would be premature to criticise the 
results until further mfomiation is at hand. 

Drift Bottles and Suvfeoe Cvr- 

reets. The determination of the influenoes 
which affect the distribution of floating bodies has 
been largely acoojnplishod by means of drift IxAtles. 
Strong, short-necked bottles nsre weighted with a 
small quantity of sand, so, that they oife immersed 
with as little of the neck protruding as possible. 
Each bottle has enclosed in it a stamped postcard 
addressed to the laboratory from which the experi- 
ments are initiated. The postcard has a printed 
statement on it requesting the finder to fill in infor- 
mation as to the date and place of findix^g, axul to post 
the card. It is found that in a somev'hat circum- 
scribed area, such as the Irish Rea, about one in 
every three bottles is poked up, and the postcaids 
returned with the requisite information. A number 
of bottles being wei^ted and made watertight by 
means of oork covei^ with parafifin-wax, a specid 
voyage is made on a scientific steamer, and the 
bottles are thrown out intervals of five minutes 
or so along certain lines which have been previously 
selected as likely to furniah important ^results. The 
rate at which the steamer travels being known, the 
distances at which the bottles are dropped over- 
board can be marked off on a chart. As the 
postcards reiurn to the Wnmakory the jourom 
made by the hstties can he traced Borne of the 
bottles are pidked up very soon, others perform 
Temavkable journeys. The effect of tidal currents 
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and the Mind on the diKtribiition of surface or*fan* 
isms is in this manner estimated, and the problem 
lias a practical Injaring, as will be seen later, in 
<leicrinining the most favourable locality for the 
plantifiij of the fry from marine hatcheries. 

The PlanKton InTestigations. A w ord 
that is frccpiently used in all discussions on sea 
fishery matters is 'ijlart1ck>n. All organ- 
isms which merely drift and are con- 
sequently at the mercy of the wind 
and tide are included in the plankton 
ill contradistinction to those animals 
which, like fish, are capable of inde- 
[lendent motion, and are therefore 
able to move against a tide or cur- 
rent. The jjla7)kton has been studied 
ior a number of years, and its con- 
stitution is fairly aecm-ately known. It 
consists of minute jilants sueh as 
diatoms , various animalcules, small 
(Tustacea, especially those known as 
copepoda, the larva' of free -swimming 
young, stages of various worms, erustaeea 
(crabs and lobsters), mussels, cockles, 
oysters, and other slielf-fish, and the 
floating eggs and larva* of most of 
our food lish. the only notable excep- 
tion being the herring, the eggs of 
wdiich sink to the bottom, and develop 
there. 

Now, the j)lankton, a])art from 
interesting facts which will be discussed 
later, is of considerable importance, 
insomuch as it serves as a direct source 
of food sujiply of some of our most 
valuable fish, notably the herring, 

]>ilcharJ, sprat, anchovy, mackerel, 
and others. There can be no reasonable 
doubt that the supply of these imy)ortant fishes 
iKiars a direct relation to the amount of plankton 
present in the ocean. 

The Collection of Plankton. The plank- 
ton is collected by moans of fine-meshed nets of 
silk bolting cloth, which are known as tow nets, 
luuing for their object the fishing out of 
plankton from a definite volume 
of sea- water. Of these nets the 
most successful is the vertical 
])laiikton net inv^ented by Hensen 
[111. This net, which is shaj)ed like 
an inverted truncated cone, is 
lowered pcr})endicularly in the water 
to a givoi dej)th, and then raised to 
the surface also }>erTX5ndicularly. 

By this method a cylindrical column 
of water filters through the net, and 
its planktonic constituents arc cap- 
tured. 

Quantitative Examina* 
tion of PlanKton. Now, the 

volume of this cylindrical column, ol 
water can l>e calculated since the 
filtration capacity of the net can be 
calculated and the depth to which 
the not is sunk is known, ns is also 
the area of the net opening. This 
being known, the number of organisms captured in 
the column of water tlirough which the net has fished 
can be ascertained, and thus the contents of a given 
volume of sea water are known. The catch is 
next preserved in some suitable medium, such as 
formeUine or spirits, and then it is subsequently 
estimated in tlie laboratory. There are four chief 
metliods of estimating the contents of the catch — 


by volume, by weiifht, by chemical analysis, and 
by enumeration. For the latter, a special form 
of microscope fl2] is used, having a large mechani- 
cal stage, which can by means of two screws l)e 
rotated m any given direction. The stage is ruled 
with fine lines cut by means of a diamond, and 
these lines divide the stage into squares. Conse- 
quently, it is a simple though a tedious 
matter to enumerate the constituents 
of a given volume of plankton. 

Important results have been deduced 
from this method of enumeration, more 
esiX5cially with regard to the floating 
fish eggs. "lake, for instance, the Ecken- 
forde fishery in the West Baltic. This 
fishery for cod and plaice is carried on 
over an area of about 10 sq. miles, 
and there are on an average in January, 
30 ; in February, from 45 to 50 ; in 
March, at least (50 ; and in April, 50 
floating eggs of cod and plaice for every 
square metre of surface (a square metre 
equals ri96 sq. yd.). These eggs take 
on the average about fifteen days to 
develop under the conditions which 
obtain in the West Baltic, so that the 
numbers above recorded must be 
doubled in order to give the number 
occurring per month under the square 
metre of surface water. This gives 
370 eggs from January to April. 

Determination of Intensity 
of Fishing. Now it has been calcu- 
lated from a nine-year average that the 
number of eod and plaice annually 
caught by the fishermen of this district 
w'ould, if allowed to remain in the sea, 
have produced 110 ’5 eggs per square 
metre of surface water. This, added to the 370 
above, gives a total of 480 ’6, which j'e presents Ihc 
number of eggs that would have l>een produced from 
all eod and plaice, eaptimed and free, yearly for cac'h 
square metre of surface water. As a consoq\ienc6 

= -i- gives the fraction of the total quant it v 
480 *() 4 '4" 

of adult eod and ]>laice actually 
captured, or, in other Mords, man 
captures for his own consumption 
about one-fourth of the total 
number of adult fish in this locality 
in the West Baltic. This estima- 
tion has been confirmed in a remark- 
able manner bj' the marked -fish 
ex)^riments which are now l^ing 
carried on in the North Sea by the 
International Council. 

Marked-fish Experi- 
ments. Plaice are marked [18] 
with a nXimbered brass label attached 
to their bodies by a silver wire and 
then liberated. The active co-oper- 
ation of the fishermen is secured by 
means of a system of payment of 
rewards for marked fish returned to 
the laboratory, with information a« 
to date and place of capture. A 
large number of such marked fish have been returned 
to the laboratory at Lowestoft, and it has been 
cilculated that trawl fishing in the southern part 
of the North Sea has caused an appreciable reduc- 
tion in the numbers of the larger plaice of 10 in. 
in length and upwards, this reduction amounting to 
from 20 to 30 per cent, of the total population of 
this size in one year. This corresponds very closely 
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with the estimate of 25 per cent derived years a^o 
by the study of the planktcm along quantitative lines. 

Other results from fish -marking experiments may 
be briefly mentioned here. The extent and nature 
of the mip^tion of plaice, dabs, and soles, is one 
of the cnief results to be noted. In the southern 
part of the North Sea plaice migrate from the 
inshore to the offshore grounds, in spring and summer 
months the general direction ^ing a northerly one. 
I.arger fish move quicker and further than smaller 
ones. It is, perhaps, rather dangerous to attempt 
general isations of too broad a nature, based as they 
are at present on rather insufficient evidence, but 
there seems to be a winter migration of all plaice 
above 9 in. in length, towards south. 

PractlMl Bearings of Miration. 
Young flat-fish live, as is well known, for the 
most part, in shallow inshore waters called 
nursenVa, and some of the largest North Sea 
nurseries are those off the Dutch coast. The facts 
as to the summer migration tend to show that the 
English plaice fisheries to some extent depend for 
their supplies on these inshore grounds. On the 
west coast certain nurseries are closed to all kinds 
of trawling m account of the large proportion of 
undersi3se<^ fi^ met with ; there is a clos^ area off 
Blackpool, fofr instance. If large numbers of plaice 
are marked and liberated in these closed grounds, it 
is obvious that it will be possible to deter- 
mine bow far they serve as a reserve for 
neighbourly fishing grounds where trawl 
ing is poinittod; ana where, when, and pos 
sibly why these young fish 
move into deeper waters. 

Catt the Sea be 
Depleted of Fieh ? 

One of the vexed ques- 
tions of the sea fisheries 
of recent times is that 
of over ‘fishing. It would, 

perhaps, be more correct 12 a \r 

Thi,aHhw„libe™ted^t 
tion of over - nsbing has reca^ur^ In tlie 

been with us for some 

considerable time, but that it has only recently 
become acute. The question can best, perhaps, 
be put in the following form : Con man, by his 
efforts, 80 upset the balance of Nature as to 
render further fishing unprofitable ? That there 
must be some reason fen: supposing the answer 
to be in the affirmative would seem to be an 
obvious deduction from the numerous Acts of 
Parliament — and local by-laws passed in pursuance 
thereof — which have for their object the regulation 
of the sea fisheries. The various restrictive enact- 
ments which have for their object the protection 
of immature fish, or the prevention of destructive 
or wasteldl methods of fishing, have all been passed 
as a result of the outcry against over-fishing* and 
the alleged depletion of the sea. Bestrictions 
as to the sizes and conditions under which fish 
may not be removed from a fishery, the regulation 
of implements of fishing, and the enactment of close 
times, all have result^ lar^ly, but not entirely, 
as a consequence of the al^ed vanishing of the 
harvest of the seas. 

Statistical Evidence Wanting. If the 

deterioration of the fishing grounds is a fact, then 
one would naturally expect to find evidence of it in 
the statistical returns which have been furnished 
from year to year by the Government depart- 
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ments concerned. Unfortunately there is reason to 
believe tbat the statistical evidence has not in the 
past been collected with sufficient care to render 
any results obtained from its analysis reliable; and 
even with six years of the twentieth century gone, 
we have no more certain statistical evidence of 
over-fishing than was available at the time of the 
Royal Commission of 1863, when the Commissioners 
found the fisheries were not only not deteriorating, 
but were, on the contrary, capable of improvement. 
As regards methods of fishing in vogue at that time, 
there can bo no reasonable doubt of the accuracy of 
this finding. But since then, the extreme develop- 
ment of trawling, and latterly the invention ot the 
otter trawl, and the enormous annual output of 
steam fishing boats, have introduced new factors 
that it would not be wise or safe to t^ore. 

Statistical evidence being unavailable, we have to 
examine another scientific method, which consists 
of making observations by means of a special 
fishing b^t or steamer on certain grounds 
at periodic intervals. Against this mcih<^ very 
grave objections can be urged. Every practical 
fisherman knows that whereas one vessel may 
make a splendkl catch another not five or even 
two miles away may catch nothing. 

Fishing is Shilled Labour. Fishing is 
not unskilled labour ; more is to be credited to 
the personal experience and 
local knowledge of the skippei; 
than is generally supposed, and 
it by no means follows that 
a trawl shot at hazard in a 
given locality can be 
relied upon to give a 
fair average sample of 
the number of fish even 
for a very limited area 
around that spot. Only 
extremely limited areas 
can be satisfactorily 

on.- A 1 , PL.^ICE investigated by this 

This fish was liberated off the Elver Mersey on Nov. 12th, Y tr/kui 

1904, and recaptured In the Elver Lune on Dec. 2nd. 1904 method. While there 

are undoubtedly many 
practical problems which can only be satis- 
factorily investigated from a specially equipped 
steamer — such as, for instance, the determination 
of the vitality of undersized fish caught in a 
trawl, or the relative destructiveness to young 
fish of various-sized meshes — we would advise 
caution as to the acceptance of deductions as to 
over-fishing, based on evidence accumulated from 
one or even a few steamers. 

Collecting New Statistics. With the 
discovery of now fishing grounds off the Icelandic 
coast, in the Bay of Biscay, and even so far distant 
as the White Sea and Morocco, there is no cause for 
Burwise in the fact that the gross quantity of fish 
landed in the British Isles shows a continual and 
gradual increase. , At the same time the quantity 
of fish on and near the British territorial waters 
may be on the decrease, and evidence of fish oaimht 
in or adjacent to these waters is urgently neeemd. 
Steps have been taken by the Board of Agricnlture 
and Fisheries for the careful and accurate collection 
of statistics of fish landed from what may be 
called home waters, and in additfoii the actual 
catches of vessels of a certain class are separately 
recorded. There can be no shadow of doubt that 
this is the only reliable method of obtaining evidence 
for the regulation of the fisheries. 
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lines and cross lines, as marked. Cut out the 
holes for the bridgeband chains and the tugs. 
Fofrm the bridgebands, with D-rings and screws, 
and join. 

The loin straps and breech tugs are double 
straps that connect the breech wit£ the crupper. 
As we have seen, the loin straps run through the 
crupper from side to side. Having form^ the 
tugs and sewn on the buckles, we stitch them to 
the breech, thus forming the back harness into 
a unity. The back harness of vans, gigs, and 
carria^ have special additions, such as the 
breeching-straps, backhand, and shaft tugs ; but 
in no case do they present any difficulty to the 
man who has made a cart harness. 

Horse Collars. The materials and pro- 
cedure for horse collars are as follows : 

In ironmongery we need frames, hame clips, 
terrets, swivels, and buckles. 

In cutting out we have forew'ale, 4 ft. by 7i in. ; 
straps, 18 in. by in.; lining and side pieces to 
measure and pattern ; felt linings also to pattern. 

Setting the Forewale. Damp ^the 
forewale piece and stretch it firmly by pulling 
evenly with the pincers all round. Measure off 
\ in. on one side and mark ; mark off 2 in. on 
the other side ; fold over, and make the 
marks meet the spare J in. on the inside to fcttin 
the hinge of the lining, the 2 in. of spare on the 
outside being the hold for the side pieces of the 
collsu*. Make a long, strong, and well-waxed 
thread, and select a fine strong needle. Stitch 
fprmly along the line of the marks, m^dng the 
leather into a pipe with flanged joints. 

StufAng. Get ready a large bunch of good 
straw for stuffing, and lay the forewale round 
the collar block. Having made a straight wisp 
of straw, thrust it into the forewate with tlw 
stuffing rod, driving it home evenly, yet not with 
such force as to break the straw or cause it to 
lump. Put a nick at the centre of the forewale, 
and press the foot a little on the inside to the left 
of the nick, driving down wisps of stuffiiig into 
each side alternately. When near the top, tom 
the ends in, and b^t the stuffing firmly down. 
The ends of the forewale, if the stufffing be firm; 
are standing apart. Put a stitch of strong thread 
through both ends, and pull them together, 
easing up with the hand iron, till they are close. 
Join with the stitching so as to make an even top. 
The forewale is ready for the body of the colli^. 

MaKing the Collar Body. Now we are 
ready to begin making the collar body [13]. The 
greater part of the lining is a textile fabric, 
either woollen felt or cloth, or linen ; but the 
bottom part, called the is nearly 

always of soft lea&er, and often ^ 

We think it best to shape our l ining ^ for leader 
on the bottom only, making the whifisJ® 
one fabric. Hem the throat piece to thO 
joining so that the narrow end of the throaf 
will lie in to the forewale when the lining “ 
place. Centre the narrow end of the thi^^ 
piece oil the inner rim of the foiewale, and 
It tightly on. Tom in the ed^ of the liniijfif* 
tack slackly on the forewale just above th^® 
bottom curve ; draw up tightly, and make . 


another tack about 5 in. from the head. Zdake 
a long four-cord waxed thread, out it in half, and 
with one half thread the harness needle. With 
the help of an awl, whip-stitch the linii^ on to 
the outer rim of the forewale, keeping the 
stitches to the inside. 

Stuffing the Collar. Stuffing a collar is 
exacting work. Place everything i^uired within 
easy reach.* Wax a bit of strong twine 3 J yd. long ; 
make a seven-cord waxed thread 1 J yd.; straighten 
and select a bundle of good straw ; have at hand 
the throat strap, the hand iron, collar needle, 
seat awl, collar knife, scissors, and mallet Sit 
down ; thread the collar needle with the waxed 
thread ; place the collar, throat upwards, against 
the left knee, with the right leg inside. 

Select a big handful of straw ; lay it across 
the centre of the throat piece on the forewale ; 
mth needle and thread, stitch from the centre 
of the throat over the straw to the broad margin 
on the other side, for about 6 in. ; do 6 in. on 
the other side of the centre in the same way. 
Drive in straw till the whole bottom is hard, then 
fix it by buckling the throat belt over it. 

Form a wisp of straw the length of the side 
of the collar, wind it round with hemp to make 
it firm and neat Pull out the lining as fiat as 
possible ; underlay it with a padding of flock ; 
fill round with straw, then thrust the long packet 
of straw down the centre, pushing well in on the 
bottom packing. Lace the lining to the forewale 
from where the stitching left off, right to the 
head. Perform the same operation on the other 
side. Fill up, and then draw the lacing as tight 
as it will hokL Shape the body of the colkr, 
and where depressions appear, loosen the lacing 
and put in more packing, making sure that the 
straw has been pushed well into the seams. Crop 
the straw even at the top ; form a leather cap ; 
jenn it on the forewale, sew down the lining; and 
cover the join with the leather oap. 

Finishing the Collar. Having alrea^dy 
punched, creased, and blacked the collar straps, 
sew one on each side of the forewale, about 
5 in. from the top, putt^ the stitches into 
the groove formed by the sides of the collar and 
forewale at the point of contact 

Collar side pieces are shaped so as to cover 
the body all round, forming a projecting roof over 
it Fit the two pieces on the collar and trim 
the size at top ; join them together by stitching, 
and strengthen the joint by a binding of leather. 
Damp the collar cover ; clear it of water ; set 
it in |)lace and fix it to the top of the collar body 
with an awl. Pull the side pieces well down 
close to the body and begin to lace-stitch, making 
sure that the lining is caught in with the stitches. 
Laoe-stitch again, this time joining the forewale 
and side pieces. When done, the collar should 
be a strong, firm bit of work. 

We have gone over the {^ci^l points, 
leaving aside the smaller details, about which 
nearly every harness-maker has his own pet 
ideas, based, we suppose, «pon local experience. 

Van harness colU^ ane mlide of finer materials ; 
but in structure they d|0er in ho essential 
particular from cart cmlank 
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the substance for extinguishing burning petro- 
leum — water is useless. Colza oil gives a soft, 
gentle light, and is good for the sick-room and 
for reading. 

Lamps burn about 150 grains of oil per hour 
and produce *6 cubic feet CO 2 . They also bum 
62 grains per hour per each candle-power of light 
they give. 

Gas is produced from coal, and is really a 
combination of marsh gas (CH4), which gives 
heat, and olefiant gas which gives Ught, 

together with some other gaseous hydiocarbon, 
such as naphthaline. 

Gas-light has been enormously improved, owing 
to the competition of the electric light. The 
incandescent burner has practically revolutionised 
the using of gas. The ordinary burners are the 
lishtail of 16-candle power, the batswing of the 
same, and the argand of 30-candle power. 

The number of candle-power which any gas- 
light is equal to is ascertained by the shadow of 
an object illuminated by candle and gas on a 
white screen. The intensity of light rays (like 
heat) d.minishes ^iith the square of the distance. 

Each cubic foot of gas burnt per hour pro- 
duces about the samr* amount of carbon dioxide 
as the respiration of a man. A man produces 
*6 cubic ft. of carbon dioxide per hour, and 1 
cubic ft. of gas produces ‘52 cubic ft. 


A good flat flame burning 

Oxygen 

Used 

No. of 
Men 
equal to 

5 cubic ft. per hour and 

= 16 candles 

6*5 

2-5 5 

Same light uith potro- 

leura, and = 16 candles. . 

0-2 

3-5 7-5 

16 separate candles 

9*5 

6*5 11 


One cubic ft. of pure CO^ requires 900 ft. of 
air per hour to dilute it, therefore each flat gas- 
jet burning 5 cubic ft. per hour requires over 
2,000 cubic ft. pure air per hour above what is 
required for any persons in the room if the air is 
to be kept fresh. 

A ground-glass shade over the light takes 
away 30 per cent, of the light. Incandescent 
mantles give as much light as argand burners, 
and burn little more than an ordinary ’ gas-jet. 
They can also be used inverted, so as to throw 
the light down, which is a great advantage. 
Gas, however, has many disadvantages ; it uses 
up the air, and its products destroy all gilding, 
books, stones, mortar, and iron. 

Apart from the incandescent liglit, “ sun- 
light ” or ordinary gas-fittings fixed to the 
ceiling, through which they ventilate, are best. 
Gas should issue from the burner slanting and 
at low pressure, and there should be a plentiful 
supply of fresh air to every part of the flame. 

Unbumt gas is very dangerous, and with 
pressure a good deal may escape into the room, 
containing^ 6 per cent, of the deadly poison 
carbonic oxide (CO) ; hence care is required. Any 
hissing and flaring is bad. A gas regulator on the 
meter is invaluable, and generally saves its cost. 

The Welsbach incandescent mantle is of 
asljestos and other rare eartlis, and can bum 
with a non-luminous flame. Gas that could bo 
used with such a mantle could be supplied, 
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if the demand were suflficiont, at Is. per 1,000 ft.; 
very little gas is required, and the light is much 
whiter — all excellent qualities. The albo-carbon 
is a very brilliant white light, and is really 
naphthaline. It is commonly used for motor- 
lamps. Gas should not be used in nursery 
bed-rooms, although it is excellent in halls 
and passages. 

The electric light for domestic purposes 
should always be incandescent. It is a cool 
and sanitary light, as it gives little heat and 
consumes no air, being, indeed, only capable of 
burning in a vacuum. 

The substitution of electricity for gas in a 
large bank has so reduced the sickness as to 
pay for its instalment. On the other hand, the 
arc hght in another bank had to be taken down 
and incandescent lamps substituted, owing to 
the mental excitement and exhaustion its 
powerful chemical rays produced. 

The Production of Heat Raya. We 
must now turn from the brief summary of hght 
to the kindred topic of heat. 

Heat rays are conveyed by radiation, by air, by 
conduction by solids, and by convection by gases 
and liquids. They are produced by the combus- 
tion of fuel composed of carbon and hydrogen in 
an atmosphere containing oxygen, the products 
of combustion being invariably (as for lig^*’ 
carbonic acid (CO.^) and water (H 2 O). 

Every pound of carbon produces 3.J lb.*® 
CO 2 and can raise 87 lb. of water from 60^® 
to 212^ F. ; in other words, it can prodrj 
some 13,000 heat units, a heat unit bel^ 

I lb. raised one degree. ’ 

The perfect combustion of 1 lb. of dry wo(" 
produces G.400 heat units. * 

One pound of peal produces 7,200, of co' 
10,000, of petroleum 20,000, of carbon (as v' 
have seen) 13,000, of hydrogen 62,535. Tli 
last is remarkable. Every pound of hydrogc 
will produce by combustion 9 lb. of water, an 
can raise 417 lb. of water from 60° F. t 
212° F., which is equal to 62,500 heat units. 

In the evaporation of water intense cold i 
produced, and this is^why such severe cliills an( 
pneumonia are contracted even on a hot sum- 
mer’s day by the rapid evaporation from th< 
hot surface of the body, if wool be not worn nexi 
the skin. Nine hundred and sixty-six heat unit? 
are lost for every pound of water evaporated. 

Heat Radiation. Heat radiates in 
straight lines, but these cannot be seen till the 
vibrations reach 446 billion waves per seconds 
when they appear as red rays at the slowest encj 
of the spectrum. , 

Heat radiates through transparent modiums^, 
without loss, except through glass, which, il 
J in. thick, absorbs half, only the dark hear 
rays passing through. A body may be trans 
parent and yet be impei^rious to heat rays, 
or it may be opaque and yet allow them tc 
pass. Blue glass is opaque to red and yellov 
rays, and vice versa. 

Convection occurs through currents of aii 
or water, which carry off heat from the body. 
When a man stands out of doors they stream 
from him in every direction, and oblige fresh 



currents of air to flow toward him. Therefore 
the nearer the outer temperature is to 98"^ F. 
(blood heat) the less the circulation of air round 
the body. When the two are equal as in 
India, the air stamates, and the punkah, or 
electric fan, is needed. 

Smells unfortunately diffuse along warm 
currents of air also by convection. 

Eighty-one pounds of air fill 1,000 cubic ft., 
and contain a certain amount of moisture, 
which is deposited if there are solid particles 
in the air (soot, etc.), forming a fog. 

Radiant heat does not warm the air through 
which it passes, but all solids which 
it strikes. It therefore prevents the 
formation of water on walls through 
condensation by warming them. 

The vapour of water absorbs the 
luminous rays of radiant heat, but 
not others. Walls and furniture of 
light colours make a room warmer 
because they reflect the radiant heat 
instead of absorbing it. 

With radiant heat in a room, the 
result is cold air and hot chairs ; with warmed 
air, the result is cold chairs and hot air ; the 
ideal is a mixture of the two. 

- -Coal fires yield (mly 1.3 per cent, of the heat 
abiiuced in the room, and wood fires 6 per 
(p^ Radiant heat can keep the temperature 



25. 


wfttre rues 


A WELL-BUILT 
GRATE 


seviroom 60^ to 65° F., odds no impurities, but 
ey^ve-eighths of the heat escape up the chimney. 
whjKnglish houses the temperature is not alike 
I’ojfeny two places. The hottest place is by the 
in the room, and the further away the 
iTjJder the room. When the room is opened and 
a^ passage entered it 
R}' colder still; on the' 
staircase more so; in 
hall chilly; and at 
^Jie hall door quite cold. 

*’ In an American house 
heated with warm air 
this is not so. One is 
in the uniform tempera- 
ture of a mild hot-house 
everywhere. Bed-room, 
sitting-room, cupboards, 
passages, hall, staircases, 
all are uniform. The 
result is that one steps 
much more suddenly 
out of the heat into 
the cold, and severe 
chills are more common, 
though it is im- 
doubtediy more luxuri- 
ous *and comfortable. Some people, moreover, 
never get accustomed to breathing warmed air. 

The intensity of heat decreases inversely 
with the square of the distance. Thus, if one 
stands 3 ft. away from a fire one only gets 
one-ninth of the neat that would be felt 1 ft. 
away. At double the distance, 6 ft., instead 
of getting half (one-eighteenth) one only gets 
a quarter (one-thirty -sixth). 

The open fije is wasteful, but most hygienic. 
The grate is a powerful ventilator. As a rule 


there are rnsny faults in its construction t 
Grates arc set too far back ; the flue is built 
too straight ; the back and sides are of iron, 
which al^orbs the heat, and there are bars at 
the bottom, which, further, are too wide apart. 

A good grate, like the Grosvenor, is set well 
forw'ard into the room, has firebrick back faid 
sides, and above slants forward to a narrow 
flue. It has close bars beneath, with a waste 
preventer in front stopping all draught from 
below. 

There are also grates with solid floors level 
with the hearth, sunk floors below it without 
anv bars at all ; grates that are 
fed from beneath; “down draught” 
grates, where the flue is carried down- 
wards ; and grates where the whole fire 
is contained in a sort of brass coal- 
scuttle, like the “Nautilus.” 

In tho Teale grates there is a solid 
floor, back and sides being of firebrick, 
arched forward to one-third of the 
front, with a very narrow chimney- 
throat. The Staffordshire grate is a 
good one, and consists of an angular recess 
fined with firebrick or white tiles, and bars 
across the front [25]. 

Fireplaces, Fireplaces, when possible, 
should always be fitted in an inner wall, so 
that all the heat warms the house. Underfed 
fires are smokeless, but are much more trouble 
to work. 

An ordinary fireplace bums about 8 lb. of coal 
per hour, which in a perfect fireplace, with cai*e, 
can be reduced to 2 lb. It requires 2,400 cubic ft. 
of air for its combustion, but the up-draught of 
the heatwi chimney 
draws 20.000 more 
cubic ft. per hour out 
of the room, thus en- 
suring a constant rush 
of fresh air by doors, 
windows, etc. 

The Gal ton grate 
[26], which allows air to 
circulate round it, and 
warms it, gives double 
the heat with the same 
fuel. 

The ideal grate only 
lets enough heat escape 
up the chimney to 
warm it and produce 
28. THE GALTON GRATE, SHOWING RADIATION a. draught. Of COUrse, 
AND VENTILATION IN ROOM the heat that enters the 

J. Grate 2, Fine 3. Wijra ajr^due 4 . An Inlet 6, Warm room is principally by the 

radiation of luminous 
rays ; and it must be remembered that luminous 
heat rays are more healthy than dark ones. 

Gas fires, when open and set in a chimney -place, 
are good, producing no smoke. The fogs may 
be as frequent in towns where these are common, 
but they are less yellow. Sulphur fumes are still 
product. Water-gas makes tho most econo- 
mical fire, owing to its heat properties. It is 



produced by a blast of steam over red-hot coke, 
continued for 14 minutes, when the coke has 
to be re-heated for 10 minutes by blasts of 
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air. The resulting gas is purified by oxide of 
iron, and stored. It has, however, 33 per cent, 
of CO instead of 6 per cent., as ordinary gas, 
and as this is a deadly poison its use is dangerous. 
It gives a superior heat to gas, has no sulphur 
fumes, produces pure water and COj, by com- 
bustion, and costs only 4d. instead of 3s. per 
1,000 ft. What this could mean to the jwor in 
winter may be imagined. As, however, it is such 
a poi^'erful respiratory poison, if unburnt, it has 
never yet become popular. 

Stoves. All gas radiation stoves or geysers 
must have flues to carry the burnt product out 
of the room. Calorigen stoves are economical 
[27]. In them a coil full of air from outside 
passes through the gas fires, so that the room 
is heated by the warmed air as well as the gas. 

Stoves conduct heat from one molecule to 
another, and also by convection by movement 
of the heated air. They may be closed, venti- 
lated. or open, and air should freely circulate 
round them. 

The slower the combustion, the greater the heat 
they give ont for the same gas. They are good 
for waimi^g rooms, but have no ventilating 
power. They dry the air ; there is the same 


in naturally to supply its place, or forcible 
impulsion of air, causing the foul air to pass 
out. Of the two, impulsion is the better. 
Forced ventilation is much more under control 
in all weathers -than any natural ventilation, 
which really depends for its efficiency on the 
difference of temperature within and without. 

In the ordinary class-room with natural 
ventilation only, we got 1,556 bacteria in each 
cubic foot. In forced ventilation with extrac- 
tion we get 2,000. In forced impulsion the num- 
ber is brought down to 198 only. The inlet 
chamber is made of cement and concrete, and 
(jontains pipes for heating the air and a string 
screen down which water is ever flowing for wash- 
ing, and a gas-engine 4 to 6 h.p. to pump it in 
by the fan. It enters above the head. A slow 
fan and large inlet channels cause least draught. 
In rooms the air is drawn off at the top, in 
churches and schools at the bottom by a high 
shaft, but no exhaust or fire at bottom of shaft 
is needed with forced impulsion. 

The reason why extraction of air is so much less 
desirable than impulsion is because a vacuum is 
produced by sucking out the foul air with a fan, 
and thus fresh air finds its way in any- 


absolute humidity with less relation. 
A vessel of water should therefore 
always be placed on the stove to 
evaporate. 

If stoves are overheated at 150^ F., 
the organic particles in the air, coming 
in contact with the heat, l>egin to 
char and produce a peculiar close 
smell. Cast-iron stoves heat too soon 
and cool too quickly, and also give off 
CO (carbonic oxide). Stoves with 
flanges are good. The l)est are lined with 
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where, whatever its state of foul- 
ness. The care should really bo spent 
on the fresh air that enters, not on 
the foul air that leaves. Of course, 
in no case must entrances and exits 
be near together. A floor entrance 
is bad, because it must carry up with it 
for respiration all the foul dust and dirt 
of the floors. This is th(‘ weak point 
of the House of Commons ventilation. 

Heating by Hot Water. Be- 
fore leaving the question, it should bo 


fireclay, while some are made entirely of porcelain. 

Heating by hot air is better and cheaper than by 
hot-water pipes, which always produce draughts. 
In public buildings, such as churches and halls, 
no great heat is needed, on account of the warmth 
given off from the people present. The heat 
from one man is equal to that from one yard of 
4-in. pipe at 200"^ F. if the temperature is 50® F. ; 
if 70® F., only half as much heat is given off. 
Women give off half the heat of men. 

The heat of a church should be kept at 56° 
to 58° F. by pipes, and this should be lowered 
or cut off when it is full. Public buildings 
generally require 5 ft. of 4-in. iron piping for 
every 1,000 cubic ft. to raise the air to 55° F. in 
cold weather. If the pipes are inside the build- 
ing the best place for them is in the window 
recesses, not too near the floor. Steam -pipes 
(1 in. instead of 4 in.) are handier than hot water. 

The Ideal Heating System. In a perfect 
system of supply, the warmed air is filtered, 
washed, damp^, and ^ters the church or hall 
4 ft. above the head in an upward direction. 
The foul air, with germs, dust, etc., is drawn 
off at the floor level by a shaft reaching above the 
roof. The air is changed six to ten times per 
hour. This removes all fog, and keeps the air pure. 

Forced ventilation can be obtained by forcible 
extraction of air, allowing the fresh air to rush 


noted that all hot-watcr heating requires special 
inlets and outlets for ventilation, Ix'cause there is 
no open fireplace. A hot-water system or steam 
at low pressure has 4-in. pipes, with ventilation at 
the highest point. The circulation is at 200° F. 
from the boiler. In high pressure there is no 
boiler. The pipes are 1 in. wrought iron, with a 
J-in. bore passing through a furnace, and the heat 
is 350° F. Perkins’ hot-water pipes are a closed 
circuit coiled for one -sixth of their length in a 
furnace, with an expansion tube at the highest 
point, and an inlet just below it. They main- 
tain a temperature of ?00° F. Soft water is 
best for these pipes. Boilers burst through 
being encrusted, and by frost. 

One foot of 4-in. pipe at 200° F. raises 222 cubic 
ft. of air one degree per minute. To find the length 
of 4-in. pipe to warm a church, divide the cubic 
feet of space by 200. This gives the length of pipe 
in feet. For house warming allow 12 ft., for 
every 1,000 cubic ft., to maintain 65° in mild, 50° 
in cold weather. Work-rooms require 6 ft. per 
every 1,000 cubic ft. to reach 55° F. 

Every square foot of glass window cools IJ 
cubic ft. of air per minute, down to the external 
temperature. Heated air from a central 
furnace on the American plan can be supplied to 
rooms or flats at 8d. per 1,000 cub. ft. per annum 
if by day only. 


Cantinv^d 
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By HERBERT J. 

Proposition 40« Theorem 

A'i\^les in ihe dame degme^U of a circle are 

^ equal. 

/P\^^\\ ADB be angles in 

\ \ same segment 

\ O 1 ACDB of a o, 

\. \. J whose centre is O. 

^ ^ It is required to 

prove that L ACB = l ADB. 

Proof, Join AO, BO. 

Then L AOB = twice L ACB {Prop. 39), 

and L AOB = twice L ADB (Prop. 39). 

^ACB= I. ADB. 

Circle Through Three Given Points. 

It has been shown that a point can be found 
which is equidistant horn three given points 
not in the same straight line. Hence, a circle 
can always be described through these three 
points. Its centre will be the point equidistant 
from the three. Again, this point which is equi- 
distant from the others was shown to be at th^ 
intersection of a certain pair of straight lines ; 
and, since a straight line cuts another at only 
one point, it follows that only one circle can bo 
described through three given points. 

Only under certain conditions can a circle bo 
drawn through more than thiee points. 

If a circle can be drawn through four or more 
points, the points are said to be concydir. 

When a rectilineal figure can be placed so that 
Its angular points lie on tlie ^ ©7 

said to be inscribed in the circle : the circle is 
said to be cittuoMcribed about the figure. 

Proposition 4 1 . Theorem 

S Tb.e opposite a'ugles of a quadri- 

lateral inscribed in a circle are 
supplemetitary. 

/ \ ABCD be a quadrilateial 

V \ j inscribed in tlie © w^huse centre 

It is requii ed to prove that 

L ABC + L ADC = 2 right l s, 
and z_BAD+ ^BCD=: 2 right ^s. 

Proof. Join OA, OC. 

Then l ABC at the reflex i. AOC 

at the centre, standing on the tame arc AIX\ 
and .lADC at the ih© A AOC at the 

centre, standing on the same arc ABC. 

i.ABC+ z.ADC=half the sum of the 
1.S at 0=2 right lh (Cor. Prop, 1). 

Similariy it can be shown that 

* L BAD + BCD = 2 right 1. s. 


ALLPORT. M.A. 

Proposition 42. Theorem 

If Uro opposite angles of a qibadrilateral are 
Q ^ mjyplementaryy the vertices of the 

D quadrilateral are concyclic. 

C Let ABCD be a quadrilateral 
I in which 

* z. B -f z. D = 2 right l s. 

It is required to prove tliat 
A, B, C, D are concyclic. 

Proof. Draw the © through the points 
A, B, C. 

If this © does not also pass through D, let it 
cut CD, or CD produced, in E. Join AE. 

Then, since A BCE is a quadrilateral in a © 

Z- B -I- jlAEC= 2 right Z.S (Prop. 41). 

But z-B-f Z-ADC=2right Ls {Hyp.). 

Z. AEC =- L ADC, which is impossible, since 
the exterior L of the AAED mufet be greater 
than the interior opposite L . 

the © must also pass through D. 
Proposition 43. Theorem 
In equal circles, if two arcs subtend equal 
angles e>iiher at the centres or cU the edreunsfer ernes, 
ilip arcs are equal. 

Let ABK, DEL be equal ©s, and let L AGC 
= z-DHF, at the 
-f < centres, and there - 

/V\ \ “ AKC = 

/ /a W f / \ ^ 0 “'* 

\ V J 

^ required to 
^ ^ prove that the arc 

^ ABC = tlie arc DEF, 

Proof. Place the © ABK on die © DEL so 
that the centre G falls on the centre H, and GA 
falls along HD. Then, since iZ AGC = z. DHF, 
GC will fall along HF. Also, since the ©s have 
equal radii, the points A and C will fall on the 
l>oints D and F respectively, and the of the 
two ©s will coincide entirely. 

the arc ABC = the arc DEF. 
Proposition 44. Theorem 
Tn equal circles, angles, ivhethcr at the centres or 
the circumferences, which stand on equal arcs are 
equal. 

Let ABK, DEL be equal ©s [see figure to 
Prop. 43] and let the arc ABC — the arc DEF. 

It is required to prove that tlie 
^AGC= ^DHF 
and that L AKC = L DLF. 

Proof. Place the © ABK on the’ © DEL so 
that the centre G falls on the centre H, and G A 
falls along HD. Then, since the ©s have equal 
radii, A will fall on D, and the (©s \vill coincide 
entirely. 

/. since ihe arc ABC= Z-DEF, the point C 
will fall on P. 

^AGC= Z.DTIF. 
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And, since the z. s at K and L are the halves 
of these (Prop, 39), 

/. z.AKC= lDIuF, 

Proposition 45. Theorem 

In equal cirde»^ arcs which are cui off Inj equal 
chords are equal. 

Let ABK and DEL be equal ©s whose centres 
aie G, H, and let the 
chord AC ~ the choi d 
DP. 

It is required to 
prove that the aic 
ABC = the aic DEF. 

Proof. Join GA, 
GC, HD, HR 

Then the As AGC, DHF have the sides of 
the one equal respectively to the sides of the 
other. 

z.AGC= DHF (Prop. 7) 
arc ABC= arc DEF (Prop. 43). 
Proposition 46. Theorem 

In equa^ circles^ chords 'irhirh c^if off equal arcs 
arc equaK 

Let AJK, DEL be equal 0.s [see fi^mre to 
Prop. 45] wno.se centres are G, H, and let the 
arc ABC — the arc DEF. 

It is required to prove that the chord AC^ 
- the chord DF. 

Proof. Since (he arc ABC — the arc DEF, 

^AGC- i.DHF(Prop. 44) 

.’. As AGC, DHF, liave t\vo sides and the 
contained L of one equal to two sides and the 
contained L of the other, 

AC = DF (Prop. 4). 

Notk. The properties proved for equal circles 
will evidently be true in the case of the same 
circle. 

Tangent Properties 

Tangent. A straight line cuts a circle in 
two points. If the line moves in such a way 
that the points approach one another and ulti- 
mately coincide, the straight line then becomes 
a ta-ngeni ft* the circle 

Thus, let a straight line cut a © in the points 

T P, Q. Imagine P to remain 

fixed, and Q to move along 
the ©“■ towards P. The line 
PQ will turn about P, and 
when Q coincides with P will 
have come into the position 
PT. The straight line PT is 
the tangent to the © at P. 

Contact of Circles. If two ©s cut one 
another at P and Q, and w^e imagine Q to move 
up to, and coincide with, P, then the ©s are 
said to touch at P, and the straight line PQ 
becomes the tangent to both ©.s, at P. 

Proposition 47. Theorem 

The, tangent to a circle at any jMdnt is per- 
pendicular to the radius drawn to that jxmxt. 

Let P be any point on a © whose centre 
is O. 

It is required to prove that OP is i, to the 
tangent at P. 

Proof. Let PQ be any .straight line through 
P, cutting the 0‘'‘ again at Q. Draw OM J_ to 




PQ. Then OM bisects PQ (Prop. 36). Now 
let Q move along the Q®* till it coincides with P, 
and let PT be the final position of the straight 
lino. Then PT is the tangent 

j. y at P. Also, when Q coincides 

with P, the point M (which is 
always midway betw^een P and 

^ \ Q) must also coincide with P, 

/ ^ coincides with OP. 

V J And, since OM is always J_ to 

its final position will be 

J_ to the final position of PQ. 

OP is ± to PT. 

Corollary 1. Since only one line can he drawn 
jL to OP at the point P, oae, and oidy one 
tangent can he drawn to a circle at a giren point 
on the circumference. 

Corollary 2. Since only one line can be drawn 
_L to PT from the point P, the per^tendicular to 
a tangent at its point of contact 'ixisses through 
the centre. 

Corollary 3. Since there is only one line froui 
O _L to PT the line drairn from the ce)itre per- 
jicndicidar to a tanyent passes through the point 
of contact. 

Proposition 48, Theorem 

If two circles touch, the straight line joining 
their centres }) 0 >sses through the point if contact. 

Let ABC, ADE bo two ©s touching at A, 



e a 

and let O, 0' be their centres. 

It is required to prove that 00' passef? 
through A. 

Proof. Since the ©s touch at A, they have 
a common tangent at A. Also, OA and O'A are 
each perpendicular to this tangent (Prop. 47) 

A, 0, and O' must be in the same straight 

line. 

Proposition 49. Theorem » 

Two tangents can he drawn to a circle from an 
external point. 

Let PQR be a © whose centre is O, 
and let A be a point 
outside it. 

On AO as diameter 
A describe a (5 APOQ, 
cutting the given © at 
P and Q. Join AP, AQ, 
OP, OQ. 

Then, since Z-s APO, AQO are angles in a 
semicircle, 

they are right Z_8 (Prop. 39 Cor.), i.e., AP 
and AQ are _L to radii. 

they are tangents. 

Corollary. The two tangents are equal, and 
subtend eqixal angles at the centre. For it is 
easily seen (Prop. 20) that the As APO, AQO 
are equal in all respects. 

AP= AQ, and Z-A0P= Z.A0Q. 



Continued 


6198 






APPLICD MTANV 


of their weight, but the better qualities rarely lose 
more than 15 per cent, to 20 per cent. Anotlier 
factor which has an important bearing upon the 
value of rubber is the amount of resin that it 
contains. Fine Para has from 0*0 per cent, to 3 per 
cent., negroheads generally about 1*5 per cent., 
Mangabeira contains about 8*5 per cent., other 


American rubbers 2*5 


cent, to 7*5 per cent. 


» per 

African rubbers seldom fall 
below 3 per cent., and 
more usually reach 10 per 
cent, or 11 per cent., 
and sometimes as much 
as 30 per cent, of resin. 

Asiatic rubbers range from 
5 per cent, to 10 per 
cent., with the exception 
of Ceylon Para, which 
contains from 1*5 per cent, 
to 1*8 per cent. 

The Manufacture 
of Rubber Sheets. 

The next stage in the 
process of manufacture is 
the milling, or mastication, 
of the dried rubber, in 

order to rediicc it to a soft homogeneous mass. This 
is done on hot rollers in a machine of similar con- 
struction to that used for the washing process. 
If desired, various ingredients can also be incor- 
porated with the rubber at the same time. Up to this 

i >oint the treatment of all (yude rubber is the same, 
'’or articles m which the very best rubber is required, 
the dried material is only kneaded on the hot rollers, 
no ingredients being added. When homogeneous, 
it leaves the mill in the form of rolls, which are 
compressed into blocks in a h^’draulic press. These 
blocks aie exposed to changes of temperature for 
some months, and are thoroughly frozen at* least once. 
Eventually they are cut up by rapidly moving knife- 
blades into thin sheets, which are known in the 
trade as five-cut sheets. These sheets are also 
produced by pressing the rubber in a cylinder by 
means of a piston, and from the cylindrical blocks 
thus formed sheets are cut off in the same way. A 
very perfect imitation of fine-cut sheets is manu- 
factured by carefully rolling thin Para rubber into 
sheets between hot rollers, which are engraved so 
as to produce lines similar to those made by the 
knives. The resemblance is excellent, but the 
quality cannot be compared 
with that of the real article. 

By the addition of }»igments 
coloured sheets of various 
shades can be produced, but 
the natural colom* is generally 
jireferred. In thickness the 
sheets range from one-sixth 
to one-fortieth of an inch, 
and after having been cut 
they are rubbed with warm 
and 
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over with benzol, and tapped with a small round- 
headed hammer. The articles are then ready for 
vulcanisation. 

Kneading and CalendeHng Pro* 

ceaaes. Additions on the kneading rollers 
comprise a variety of substances. Sulphur for 
effecting vulcanisation and various compounds 
for assisting vulcanisation are incorporated in this 
way, as well as many 
other ingredients, accord- 
ing to the special pro- 
perties it is required to 
impart to the rubber. 
Those most largely em- 
ployed are litharge, zinc 
white, litliopone, white 
lend and other lead com- 
pounds, sulphide of anti- 
mony, chalk, barytes, 
gypsum, magnesia, metal, 
soot, asbestos, ground 
hemp, etc. Many of these 
are merely added to 
cheapen the quality, and 
deterioration in the value 
of nmnufaejured rubber 
may be traced, on the one liand, to the consumer s 
ignorance and inability to judge the quality, and, 
on the other hand, to over-production, entailing 
1 educed prices, which naturally loads to cheap 
goods of low quality. 

The process of mixing the ingredients with the 
rubber is as follows : The quantities ar^* first weighed 
out, and placed between the rollers in small por- 
tioiih; the mass speedily becomes plastic and forma 
a loose cover round the first rollers, the whole 
batch finally accumulating in this way on the 
I oiler. It is ripped off with a knife after passing 
through several times, rolled up and again placed 
in the mill ; this is repeated until the whole is 
uniformly kneaded, when the material is rolled 
into thin sheets on a calender [8]. The calenders 
have three, four, or sometimes even six rollers, 
which are genfcrally hollow and heated by steam. 
Sheets of various thicknesses may be produced by 
altering the positions of the rollers, but they are 
usually about one- twenty-fifth to one-twelfth of an 
inch thick. The tem])erature of these rollers is im- 
portant, and in order that they may be cooled if de- 
sired, they arc provided with a cold-water pipe which 
enters at the axle. The rubber 
leaves the calender on a hori- 
zontally-stretched cloth and 
is rolled on wooden cylinders. 
To produce the above men- 
tioned imitation cutting marks 
on rubber sheets the lowest 
roller is engraved accordingly, 
or other signs can be im- 
printed on the sheets in the 
same way. Rubber in the form 


iM)ap and water to jircvent 
them sticking together. Up or mixed, forms the basis for 

to recent years fine-cut sheets THREAD, TAPE and washer-CUTTINO production of all kinds 
were above suspicion, but MACHINE of rubber articles, with the 


ispic 

now, unfortunately, 
side 


they are 

met with considerably adulterated. Fine-cut 
RueetH are used for the manufacture of small 
objects, such as tubes, bracelets, rings, balls, 
surgical appliances and air cushions. The pro- 
cedure is comparatively simple : the desired 
shape is cut or stamped out of the sheets, the 
edges which are required to be united are pressed 
together, when they adhere; the join is then brushed 
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exception of waterproof cloth, 
on account of the ease with which it can be 
manipulated in this form. 

The Preparation of Mechanical 
Rubber Goods. Small articles are made, as 
already described in the case of fine-cut sheets, 
of pure rubber. Mixed sheets are employed 
for the manufacture of a large number of more 
biilk^y objects, such as cords, hose, belting, valves, 
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roller covers, etc. In many of these an insertion 
of cotton or linen fabric or woven wire is 
made. 

Disos and flat rings are out out of sheets by 
rotating knives [ 9 ] ; rings are also cut from tubes. 
Hain cords without any insertion can be rolled 
out of fine-cut sheets, or made by forcing the 
wepared material through an orifice of the desired 
dimensions. In the latter method 
a variety of shapes can be 
produced according to the fcam 
of the opening. By introducing 
a core into the orifice, tubes are 
made in a similar manner. 

Many goods of a larger de- 
scription, such as thick discs, 
valves, billiard cushions, mats 
and butlers are manufactured 
in moulds. The material is first 
cut to shape, and then placed in 
the mould, where it is vulcan- 
ised under pressure. Similarly, 
hollow articles, pouches, toys, dolls, and so forth, 
are first roughly fashioned, and then a little liquid 
is injected l^fore closing up the last join, so that 
when vulcanised in the moulds the heat develops 
steam, which forces the rubber into all interstices. 

Insertions of cotton or linen fabrics must be 
coated with rubber before they can be utilised ; 
this is effected either by passing the tightly-stretched 
fabric through a calender, which gives it a thin layer 
of rubber f 10], or a solution of rubber in benzine 
is brushed on by hand. The calender is also 
emjJoyed for proaucing sheets that are required 
to have insertions or stiffeners. The rollers are 
set so ss to permit a certain thickness of the fabric 
and rubber to pass, and for each layer of rubber 
added tlie material has to pass once through the 
calender. 

The Making of Cycle and Motor 

» Tyree. For making tubes, hose, or piping, sheet 
rubber is cut into narrow strips which are wound 
round a metal tube together with the insertion if 
such be required [ 11 ], In this way also wire is 
often introduced spirally between the insertion and 
the rubber. The vulcanisation of such tubing is 
generally carried out without removing the metal 
tube, t4e rubber being kept in position during the 
process by a firm binding with linen strips which 
leave their impression upon the surface. Driving 
belts are composed of layers, according to the thick- 
ness required, of good strong cotton material as 
motion. Strips are sewn together longitudinally 
and encased in a rubber coating; they are then 
ready to be pressed in the mould. Covers for 
cycle tyres are constnicted 
in two ways ; thev are either 
built up on a drum from 
strips of sheet rubber, or 
the prepared rubber is 
pressed into moulds. 

CJovers for auto-car tyres 
are made in special moulds. 

R^er covers are manu- 
factured from thhi sheets 
on a spindle in the same 
way as tubes, or if made on the axle the rubber 
fleets are wound thereon and pressed into a uni- 
form cover. 

^ Waterproof Fabrioo* The material known 
al waterproof ft^ric finds extensive use for a 
lairge number of purposes, such as diving dremes; 
tents, cushions, mattresses, and beds, as well as 
for garments ; it is maaulaotured by brushing a 
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solution of rubber in turpentine oil or benzene 
over the textile fabric bv means of a specially 
oonsbruoted machine called the epreader. The 
rubber coating is applied to either one or both 
sides of the cloth, and double textures ’’ are 
made with two lajrers of material cemented together 
by the coating of rubber. The machine in which 
this process is carried out consists of a roller over 
which a bhmt blade is fixed, 
and immediately behind the 
roller is situated an iron table 
heated with hollow plates. 
The rubber solution is applied 
to the material just before it 
reaches the knife or “ doctor,” 
which is adjusted according to 
the thickness of the coating 
required. On passing the 
material over the roller the 
knife removes excess of rubber 
solution, and while travellmg 
over the hot plates, most of 
the solvent is evaporated. The process is repeated 
until a coating of the desired thickness is obtained. 
Latex fresh from the tree has been tried for coat- 
ing fabrics in this way but without satisfactory 
results. After vulcanising, the waterproof material 
is made up into garments in the same way as 
other fabrics, except that the sen ins arc solutioned 
together as well as sewn. 

Rubber Shoes and Goloshes. The 
manufacture of rubber shoes is m itself quite a 
branch of the rubber industry, and has attained a 
high state of perfection. The actual process of 
manufacture comprises uniting the various parts 
cut to pattern over an iron frame. A special varnish 
is then applied by brush to produce a fine black 
gloss, and the shoe is vulcanised on the mould or 
last. The machinery for rapid production of 
rubber shoes in quantity is very complicated, the 
various parts of the shoe necessitating different 
appliances. Thus, the soles and upper parts 
require separate calenders, with specially engraved 
rollers ; tnere are also cutting machines for in- 
dividual ports, and presses for the heels. The 
shoes are vulcanised many hundreds at a time, 
and this process requires great attention and 
considerable experience, as a fine black, glossy 
appearance as well as the production of a rwiable 
article depends upon this process being efficiently 
carried out. 

Rubber threads for elastic textures are cut 
from specially prepared rubber sheets ; they are 
also made of imiulcaniscd rubber, which is prac- 
tically the only way in which rubber is now used 
in the raw state and this 
to only a slight extent. 

A large variety of rub- 
ber articles are moulded, 
necessitating a great num- 
ber of moulds, in which 
they are vulcanised under 
pressure. The moulds, in 
fact, form a very consideD- 
able part of the cost in the 
production of these goods. 
Insulated wire is made either by forcing the rubber 
over the wire by a tubing machine, or strips of 
rubber are wel<M together by being run through 
grooved rollers. 

Vulcmni»lng ProoM»e«. The next pro- 
cess in the manufacture of rubber goods — - 
vakanisation — is a most important one. The 
caoutchouc is converted thereby from a liiofe or 

mi 
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leas adhesive 'j^aai^ material, liable to become 
sticky or {dtehy on continued exposure to the air 
and IMtk and very sensitive to slight changes 
from the normal temperature, into a tou^ elastic, 
resilient product, uninfluenced by considerable 
variations of temperature, and poesessinff greater 
capacity fw resisting the action of chemioaf reagents 
them pure rubber. Vulcanisation was discovered 
,by Goodyear in 1839, but Han- 
cock also independently dis- 
covered, after patient research, 
the vulcanising effect the 
prolonged action of sulphur ; 
as however he had already seen 
samples of vulcanised rubber 
produced by Goodyear, priority 
must be accredited to the latter. 

Goodyear^s ’prooess consists of 
mixing sulphur with the raw 
rubber and sul^eoting the mix- 
ture to the action of heat. 

Sulphur has no effect on caout- 
chouc when cold, but if heated 
to a tempe»iture slightly above the melti^ point 
of sul]-iur — namely, from 265 to 286° I; after 
about thii^ or fwiy minutes an alteration in 
the appearance of the rubber takes place and it 
assumes a yellowish tint. On completion of the 
treatment it will no longer amalgamate with itself 
and its elasticity is considerably increased, re- 
maining permanent when cold. Following upon 
Goodyear^s patent for the vulcanisation of rubber 
with sulphur, a large number of other compounds 
were suggest^ by different inventors to take its 
place. ^ 08 , experiments were carried out with 
chlorides, iodides, bromides, nitrates, and nitrites, 
none of which, however, gave results equal to sul- 
phur, Patents were also taken out for vulcanising 
with bromine, and iodine and sulphur combined, but 
with inferior results to those obtained with sulphur. 

HancocK’s Process. By Hancock’s pro- 
cess, known as heat vulcanisation, the goods are 
steeped in a bath of molten sulphur at a tempera- 
ture of 266 to 276° F. for two or three hours, 
a {H^lirainary drying being essential to prevent 
seams that have bron soTutioned from coming 
apart. Small pieces of rubber are immersed in 
the bath at the same time, and are taken out from* 
time to time to ascertain how vulcanisation is 
proceeding. Sulphur is at first absorbed, the 
rubber turns brown and then orai^, and after 
saturation the real reaction starts which is complete 
m two or three hours. Immediate^ after vulcan- 
isation toe goods are washed in cold water and the 
sulphur on the surface removed scrapers. 
Go^ treated by this method have the defect of 
** blooming” — tliat is, sulphur appears; -eo the 
surface as a grey powder; but it is removable 
by a treatment with a dilute solution of soda.> 
Small articles made from fine-cut sheets are vul- 
canised in this way as it is most suitable for them. 

Cold Vulconlomtion. A third method of 
viileaiiisatio& is the cM cure, invented to 1846 by 
Farkes, who found that chloride of sulphur also 
vuleaaises rubber, and recommended the use of 
a mixture of 100 parts of carbon bisulphide and 
parts of ohlorm of sulphur. The articles aw 
to this solutkm lar periods vsrytog from 
If to B mtontes, according to the tokskness of the 
artktof toen taken out and wadied to u^ter, and 
fEtoidlp dded. This metimd oan only be employed 
lor goods, as long expoauw to the aetton of 
cUoride ^ solplnir, to? order that it may penefrate 
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become humt or over-vulcanised. This prooess 
finds favour on account of its quickness, the case 
with which it can be carried out, and further, it does 
not necessitate < extensive fdant; but, with proper 
management, toe Hancock meth(^ is to^be prmeim. 

Other Methods of VuloenlMtlon. Sul- 
phides of the alkaline methods have also been pro* 
posed for vulcanising caoutchouc, and produce a soft, 
velvety surface, but the method 
is only suitable for small artkleB. 
This is known as Gerard's pro- 
cess, and consists, for instance, 
to heating the rubber to a 
solution of potassium sulphide 
of 25° B., vulcanisation being 
effected thereby at a compara- 
tively low teuiperature. Vul- 
cjinisation by the vapour of 
chloride of sulphiur, or the 
vapour cure, is another variation 
for thin goods, but it is seldom 
employed now. Vulcanisation 
by s^ium, or calcium hypo- 
chlorite, or by hypochlorous acid was, at one time, 
in more common use than now. Since it entails 
the use of an aqueous solution, vulcanisation by this 
method is only suitable for very thin goods, or for 
the production of “ surfacings ” or “ enamels ” 
on ordinary rubber goods, and its use is practically 
confined to the latter purpose. 

Compoundinj; Rubber. The vulcanising 
process invented oy Goodyear finds the moat 
extensive use. A thorough mixing of the washed and 
dried crude rubber with the sulphur is essential — 
7 to 10 per cent, being the usual quantity, but even 
as low as 2^ to 3 per cent, has b^n met with, and 
0 per cent, gives good results. The amount of 
sulphur actually fixed by toe rubber rarely exceeds 
3 per cent. Alter the goods have been given their 
shape they are placed in a sealed boiler [12] and 
steamed at a pressure of to 4 atmospheres for 
three to four hours, termed the steam cure, or, 
according to the nature of the articles, they are 
pressed between hot plates. 

On stretching and pressing goods vulcanised by 
this method the sulphur bf^ms on the surface, 
as in Hancock’s mocess, and can be removed by 
washing with a smution of soda. 

There are several inorganic compounds which 
play an important part in assisting vulcanisation 
and in modifying the resulting product A 
certain class are known as sulphur carriers, the moat 
imj^rtant of these being sulphide of antimony 
and the three sulphides of arsenic. In a lesser 
degree oertapi lead compounds, such as lead 
thio-sulphates— teohnioally termed Hypo— and 
litoarj^, zinc sulphide, and lithpi^ne-^a oom- 
binati^ of '^ktoo sulphide and barium ^phate. 
Thew compounds are employed to assist vuloanisa- 
tion and to act as a preventive against over- 
vuloanisation. The exact nature of their action 
is not toorongfaly undmtood; to4y enable the 
manufacturer, nowever, to reduce the amount of 
sulphur and to moderate toe temperature and 
len^ of vulcanisation. In fact, neany all rubber 
go(^ that have not of necessity to be of a white 
or drab colour contain a proportion of one of 
toese compounds ; litharge pomibly is toe one 
that is most extensivdv employed. Ibe wdt- 
known red odour of rubber ;*oods is due to the upe of 
antimony penta-sulpbide^ or OMen sulphide as -it 
is known m the trade. It varies to odour from 
a wddish- orange to a purplish soaiietw 
manufreturers, however, generally prelsr " 


Intermediate shade of cdour. It is an excellent 
compotmding material, producing vulcanised rubber 
of fine colour, texture, and durability with little 
bloom, and is chiefly used for high-priced goods. 

Besides these sulphur carriers a large number of 
other inmrganio substances added to sulphur com- 
pounds are incorporated in rubber partly for the 
purpose of increasing bulk, and also for impart- 
ing certain characteristics. Others, of the nature 
of p%ments, are introduced for producing certain 
des&M colours. Among those of the former 
class may be mentioned barytes, or Uanc fixe, 
which is employed ns a make-weight;' it also 
'^increases the resiliency of the rubber. Chalk or 
whiting is one of the inorganic compounds most 
extensively used for this purpose : in 'small quantities 
it increases the resiliency, but also has the tendency 
to harden the rubber. Lime is sometimes employed, 
but excess should be avoided, as it induces oxidation, 
and furthermore reduces the resiliency of india- 
rubber while increasing its hardness. Magnesia 
used in moderation increases the toughness and 
resiliency to a marked degree ; it is also used for 
compounding rubber for insulating wires. On 
account of its low conductivity of heat, asbestos is 
largely employed in the manufacture of steam 
packings. The chief pigments employed in rubber 
manufacture are white lead, zinc-white, litbopone, 
golden sulphide of antimony, oxide of iron, cadmium 
yellow, chrome oxide green, and ultramarine. For 
nlack goods lead sulphide is used, but when lead 
compounds are prohibited, as is often the case for 
surgical appliances, lampblack must be substituted. 

The Addition of Sulphur to the 
Latex* It is most important that the prepared 
caoutchouc and sulphur for vulcanisation, or other 
compounding ingredients, should be mixed as 
intimately as possible, to ensure good results ; but, 
on the other hand, too prolonged working on the 
rollers is detrimental to the elasticity and resiliency 
of the rubier — it becomes fatigued; or if the masti- 
cation has b^n carried to such an extent as to render 
the rubber plastic, it is termed killed. With the 
object, therefore, 'of securing thorough inter- 
mixture of the sulphur and rubber, experimental 
trials have recently teen made of adding the sulphur 
in definite quantities, about 2 per cent., to the latex 
l>efore coagulating, so ’ that the crude material is 
evenly permeated throughout with sulphur, and 
thus the incorporation of sulphur on the rollers is 
avoided, as well as the 
washing operations. It 
remains to be seen, how- 
ever, whether this idea 
will germinate into a prac- 
tical working method. 

The precise nature of 
the rcckotion which takes 
place during vulcanisation 
of rubber is not yet known. 

The time, and temperature 
for different goods under- 
going the process must be 
determinea by experience, 
and varies with the size and construction of the 
goods. Over-vuloanisation, oc burning, is caused by 
too h^h a temperature ; the goods become brittle, 
and 1^ their elastipitv. l^er-vulcanisation is 
equally bad, and results from too low a temperature, 
the rubber then retaining to a oectaln extent its 
plastic nature. Hibse two defects are espwially 
objeotkmfible, as they are not often revealM until 
the article is in use. The duration of the vuloanbuh 
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tion process is another consideration, dependent 
upon the quality of the rubber as well as upon the 
size of the articles, since some kinds vulcanise quicker 
than others. Resinous rubbers vulcanise quicker 
than fine Para caoutchouc. 

Vulcanising Machinery* Vulcanising 

boilers and presses, heated by direct steam, have 
now largely superseded the walled-in vulcanisation 
chambers, although these are still in use for rubber 
shoes and some sorts of rubber cloths, vulcanisation 
being effected by heating the enclosed air. Steam- 
jacketed -vulcanising boilers also act in the same 
way. It is enrion'*, however, that a certain amount 
of litharge is essential to produce satisfactory results 
with this dnj heal curt. ThC dimensions of vul- 
canising boilers depend upon the size and shape of the 
articles to be treated, and range from 20 ft, in dia- 
meter, and from about 7 ft. to 100 ft., or even-more, 
in length. Rubber hose, being vulcanised on the 
metal on which it is fashioned, necessarily requires 
long boilers. The average length of rubber hose in 
England is about 60 ft., and in Germany often as 
long as 110 ft. Vulcanising boilers are made of 
riveted iron plates, similar to steam boilers, and 
are provided with a steam supply pipe, an outlet pipe 
for the removal of steam and condensed water at 
the end of the process, and also means for running 
off condensed vater as it is formed. The pressure 
is regulated by a manometer, and a safety valve is 
also fitted. The end of the boiler is closed by a 
detachable cover carried by a small crane. Mov- 
able bolts are attached to the flanged edge of the 
boiler, and when the cover is brou^t into position 
they fall into corresponding notches cut in its edge, 
and are tightened up by means of nuts ; packmg is 
inserted between the boiler and the cover to make 
an airtight joint. 

In order that articles which are not enclosed in 
moulds shall retam theu* shape under the influence 
of heat during vulcanisation in these boilers, they 
are embedded in French talc, or wrapped in cloths. 

Vulcanising Presses for Flat Goods* 
Vulcanising presses are used chiefly for flat goods, 
such as mats, driving belts, and heavier rubber 
goods used for engineering and industrial purposes. 
Some articles, like driving belts, are vulcanised 
simply betA^een the plates of the press; others are 
enclosed in moulds, and are then placed in* tho 
press. Tlie most simple form of vulcanising press 
somewhat resembles an ordinary letter-copying 
press ; the plates, however, 
are hollow, and are heated 
by steam. Small presses 
only a few feet in diameter 
can be worked by hand, 
but power is ne^ed for 
larger presses ranging from 
10 ft to 14 ft Tong and 
3 ft. to 5 ft. wide. The 
upper plate is carried by 
supporting pillars con- 
nected at the top by a 
yoke, through which a 
worm screw passes for 
raising and lowering the plate. Hydraulic presses 
are chiefly employed for the production of heavy 
driving-belts, and are hu^ oonstruotionB, having 
two or more cast-iron pntes, often 30 ft. long, 
which are heated by steam [IS]. The upper [date 
is carried between a double row of pillars, and a 
pressure of 150 atmospheres can be exerted. 

The machines showm in this article are from the 
catalogue of Messrs. D. Bridge & Co., Castleton. 
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I^ILLING machines have one thing in common 
with drilling and boring machines — the use of 
a revolving spincBe. The action, however, is not 
similar, since in drilling or boring the feed motion 
ts in the longitudinal direction, while in milling the 
feed motion takes place transversely to the spindle, 
so that a cutter held in the latter tools across faces 
either plane or curved. A reference to the article 
on page 3401 dealing with practice will give an idea 
of how many diffei-ent ways milling cutters are 
applied. And the machines for utilising these 
cutters assume diverse forms, with spindles both 
vertical and horizontal, or capable of angular 
settings. As in some otto types of machine tools, 
it mav bd either the cutter or the work that move$, 
but m tji^e majority of cases a table carries the 
piece past the cutter revolving in fixed bearings, 
this being more convenient from some points of 
view than travelling the cutter. 4t’ is necessary 
to have a frame or housing to sup^rt the bearings 
of the spindle, but, if fixed, this 'frame is of 
lighter and simpler construction than if it had 
to travel on ways, and by being fixed it lends 
itself to certain adjustments and fixings of auxiliary 
portions readily. The feeds of milling machines 
are continuous, and not mtermittent, like those 
of the reciprocating machines, because there is no 
to-and-fro cut and return stroke. The time wasted 
in these strokes is saved bv milling, this being one 
of the many advantages of the process. 

Early Machines. Although milling as a 
method of tooling is not new, its development 
has only proceeded rapidly in the last twelve to 
fifteen years; many factories producing special 
objects, such as guns, sewing machines, etc., 
have employed milling machmes extensively before 
their use became general in ordinary engineers’ 
shops. The machines in these special shops are 
very light in character, and they do not attempt 
heavy tooling. Hence, though milling has been 
found an excellent method in such work, when it 
waf first applied to heavy objects, which had hitherto 
been* done on the planer and" allied machines, 
difficulties were experienced in getting^such^ood 
results as by planing with narrow-pointed ^Is. 
The reason lay principally in not making the 
machines stiff enough, and the spindles strong 
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enough, to withstand the gi'eat strain of cutting. 
The weak portions therefore gave or sprung slightly, 
and the cutters were consequently not hold up to 
their work as they should m, resulting in uneven 
surfaces and the production of innumerable 
chatter marks over the surfaces. The cutters were 
also partly to blame in not being ground with the 
teeth truly concentric, so that all the work perhaps 
came uppn a few teeth only, and they were unable 
to stand .tho feed put on. Improvements have 
been made. in the way of using stiffer spindles, ade- 
quately supported in bearings close to the cutters, by 
giving ample bearing surfaces, and by putting plenty 
of m.etal vin slides and saddles to absorb vibration 
where, fie light flimsy casting would be too weak. 
Provision 3or taking up slackness in bearings or 
slides is also important, because any shake or loose- 
ness is .fatal to the accurate working of cutters. 

' The lathe was the first machine in which milling 
was done, by holding a cutter in the spindle and tra* 
versing the slide-rest, holding apiece of metal, across 
in front of it. Plain faces and slots were milled in 
this manner. The first true milling machine still re- 
tained the lathe features, comprising simply a head, 
with cone pulley and spindle, and a sliding rest lying 
below the cutter. The extent to which this broad 
principle is still carried out may be seen from the 
illustrations of machines in this article. There were 
two features in the bald design that were quickly 
modified, one being the addition of a height adjust- 
ment to the spindle to accommodate work of 
different depths, and a cross motion to the table to 
bring work nearer to or farther from the cutter. 
With the addition of a self-acting feed instead of a 
motion by handle, and a gear drive in place of the 
plain belt cone, we have what is termed a Lincoln 
mUler^ used to an enormous extent in shops doing 
repetition work, of either plane or curved outlines, 
the use of gang miUs being common. 

Lincoln Machine. Fie, 66 gives front 
and end views of a Lincoln machine (John Holroyd 
& Co., Ltd., MOnrow). The bare outline resem- 
blance -to th^ lathe m<^el will be noted* ^ There is a 
head, A, noirying a vertically adjustable slide or 
saddle, which has two bearings for the spindle, 
D, that drives the cutter arbor, the opposite end 
of the latter being supported by a point centre 
held in a slide, E, bolted to a standard, 
F, adjustable along the machine bed to 
suit different lengths of arbors. As the 
. spindle height is altered by moving B, so 

I the latter keeps E at a corresponding 

height by means of a connecting steady- 
bar, G, clamped in the split bearings of B 
and E. B is moved up or down by a 
vertical screw actuated by mitre wtols 
from the hand wheel H. The epindle |8 
revolved from the three-speed cone pulley 
J, having a pinion gearing with a ls4ge 
spur whom, K, on the spindle, affording a 

r er, gain pf 4^^. The cone pulley epio- 
is carried iu bearings held by Pivotied ^ 
.arms pinned to the bed of ^ ntAohuke' and 
^ to the slfde B respectively, to keep thefeM 





in mesh at aU vertical positions of B. The table, L, 
having taro tee-slots, slides upon a saddle, M, adjust- 
able alonff the bed by a screw turned with the 
handwheel N. The table L has a screw feed, oper- 
ated by hand through spiral gears and wheel, O, or 
by power through the belt cones Pand Q, Q driving 
a worm gearing with a worm wheel above it, and 
thence through spur gears to the table screw. The 
worm, R, is suppOTted in pivoted bearings, in order 
that it may be suddenly dropped downwards out of 
mesh with its wheel, the 
dropping being effected by a 
dog bolted at any position 
on the table L, so as to 
arrest its feed at a predeter- 
mined point. The attendant 
may thus leave the machine 
at work to attend to other 
duties, and when the length 
of work is milled the table 
stops and the cutter 
revolves idly, pending the 
operator’s attention. 

In some lighter machines 
of the Lincoln type the 
spindle and back "support 
are carried in square box 
l>earings which slide with- 
in slots in the vertical 
housings, and a steady-bar 
to tie the standards to- 
gether is not used. In 
heavier machines the driv- 
ing head is movable on the 
bed, while the table slides 
on a fixed bed [67] made of 
considerable length, to accommodate long and mas- 
sive pieces. The spindle bearings in this e.\ample are 
counterbalanced by weights attached with chains 
passing up over pulleys. The steadj^ing standard is 
removable, to leave the table free for large work 
which may overhang considerably. An end or face 
cutter is then used in the spindle. Fig 68 is a step 
further, and here no steady bearing is used, and the 
work, being inconveniently large to move, is fixed 
instead, and the head is fed along past it, upon a 
slide b^. The cutter head is a large disc holdmg 
several dozen tools pinched 
with set-screws. Heads are 
made in this manner to 
several feet in diameter, 
and the machines are used 
for finishing off large sur- 
faces on castings and forg- 
ings, including columns, 
standards, brackets, etc. 

As ttie ends of these ai*e 

done, the term ending ^ V 
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machine is often applied. 

Motary ^aner is another 
name. There is no height 
adjustment in 68, the work being packed up as 
necessary. A good many machines are constructed 
with double heads, to operate upon both ends of 
a six^le piece of work simultaneously. One or 
both heads are adjusted to suit the len^h of work. 

Flaao«mlUers. The slab-millers, or piano- 
millers resemble planing machines in their bare 
outlines, possessing a travelling table, fixed hous- 
ings, . adjustable orosB-rail, ana tool saddles, but 
tM last-named support spindles instead of single- 
edg6d tools. The work done is simflar to that of a 
plmier, with the added advantages which may be 
gained by the use of gang mills built up on an arbor. 
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A massive piano-miller, shown in 71, embodies 
the points just enumerated. The machine is 
driven from an electric motor at the end, the table 
being given suitable rates of speed for cutting, and 
means of rapid return by hand. The cross-rail 
is moved up or down the faces of the housings 
similarly to planer practice, and the spindle runs in 
two bearings on a saddle held on the cross- rail, 
while a third bearing supports the end of the cutter 
arbor. The spindle is driven through gears con- 
necting to a large wheel 
mounted between its two 
farther bearings, the hinder 
one not being therefore visi- 
ble in the photo. Several 
taps are placed above the 
cutter, to turn on a flood of 
lubricant, which is supplied 
from a pump through a flex- 
ible pipe. Where cmjects of 
greater height or width are 
concerned, the machines 
assume taller housings, 
with more space between, 
and the tables increase in 
length, the planer mode! still 
prevailing. The vee ways,, 
common to planer beds, are, 
however, omitted in favoin 
of flat ways, with gibbed 
edges, to prevent any ten- 
dency to lifting or chatter- 
ing. When a considerable 
width of cross-rAil necessi- 
tates the use of a very long 
arbor, an intermediate bear- 
ing is placed between sets of cutters, when possible, 
to give ample support. Thus, in milling tne ways 
of a lathe bed there would be two batches or gangs 
of cutters separated by a considerable interval, and 
the opportunity is taken of putting in an additional 
liearing. Spindles of this character are given an 
endlong motion, to effect adjustments of cutters. 
To enable this to be done without affecting the drive 
the spindles are splined to slide through the bushes 
or sleeves of their driving gears. 

A practice copied from the 
planing machine is that of 
duplicating spindles, plac- 
ing two on the cross-rail 
and one on each housing, 
the two latter being em- 
ployed either independent- 


Multi-spindles. 
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ly with a face cutter each, 
or in conjunction, support- 
ing a long spindle. Fig. 72 
illustrates a four-spindlo 
machine (Ingersoll Milling 
Machine Company, Rock- 
ford, 111., U.S.A.), embody, 
ing these provisions. A 
large piece of work may be milled on four faces 
simultaneously, obviously with a great saving 
in time, as compared with the method of shift- 
ling the work a^ut to suit a spindle. A drawr 
ing of a vertical spindle, fitted to the saddle of 
a piano-miller, is given in 89, from the practice 
of John Hetheringten & Sons, Ltd., Manches^ 
The spur gear at the to]p is keyed to a sleeve running 
in the bearing and driving the spindle by a key. 
Below is an intermediate bearing, and imdemeath 
that a nose bearing, in which the spindle revolves 
inside a taper bush. Lock-nuts take up wear. 
noee of the spindle is bored out taper^ to reoeive 
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a cutter arbor, in with a cottar, as seen, and the 
arbor holds its cutter with a key. If the cutter is 
short end used for face milling, no other support 
would be necessary, but if it is long an extra 
stay [09] is bolted to the bottom of the spindle 
bearing and extended downwards into a nood, 
udth a tapered bush, in which runs the end of 
the arbor. This style of fixing is much used 
for profiling, in which a long cutler mills the edge 
of work. 

Pillar and Knea Machines. There is a 
large amount of work which cannot be conveniently 
handled on the foregoing machines, owing to the 
form of the parts, and we therefore find that an 
increased rans;e of usefulness is obtain^ by making 
the work-table adjustable up and down b^des its 
longitudinal and cross motions^ This style is termed 
the pUlar and knef machine the Imee sliding upon 
ways on the vertical face of the pillar or column 
supporting the spindle. 

T^e build of such machines will be clear from 
the drawing [70] and photos [78 and 76]. It will 
be noted that the spindle head resembles that 
of a lathe head, with cones and back gears ; the 
cuttci arbor is held in with a taper, and its 
,outer end is supported with a split bush fitted 
within the ovemanging arm, clamped in split 
bearings above the spindle bearings, thus allowing of 
endlong adjustment, or removal. If face mills are 
used injbhe spindle there is no chance to employ the 
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arm. The knee, of approximately triangular form, 
slides with vee ways upon the vertical face of the 
pillar ; it is moved by turning the squared shaft at 
the front, which revolves a horizontal shaft, driving 
bevel gears rotating the vertical screw, which 
passes through a nut held in a projection of the 
pillar. The other screw nearer the pillar is for 
stopping the motion at any predetermined position, 
settled by the location of the lock-nuts, which touch 
the lug that stands out from the pillar. In this 
way the operator may repeat any depth of cut on 
duplicate pieces. A transverse slide moves across 
the top of the knee, also by handle and screw, and 
a longitudinal table runs on this slide. The move- 
ment is produced by a central screw, turned with a 
handle at either end as 
is convenient, and the 
work, bolted to the top 
of the table, may be 
thus manipulated and. 
led under the cutter in 
any direction. As the 
los^udinal feed of the 
top table is considerable, 
the operator's time is 
saved, and the work 
better produced by fit- 
ting a power feed, de- 
rived primarily from the 
cutter spindle, passing 
from the three-^ppea 
b^t oooe on its end to 
one below, which drives 
a uniyersal telescopic 
shaft oonneoting to 9, 
ynmtf worm whi^, and 



nations m present in machines by difietent luakers. 
In the light^t types no back gears are used, and 
the tebl^ are fen oy hand leVers opiating i^ona 
extra gearing with racks under the tables, the traverses 
ipindle - oeing short ; the name hand milter is applied to 
nood, this pattern. These pillar machines are classified 
into two groups — plain and iiniverwd. In the pliun 
there are only two tables moving at right angles 

Company, ^oinnati, 0., ^[.A.), but 
in tne universale the top table is 
mounted on a secondary saddle with a 
circular base, which can be swivelled to 
turn the top table into angular posi- 
tions, to permit of milling work out 
of the ormnary run, such as certain 
ge^, of worm, and s^al forms, twist 
drills, etc., requiring the cutters to be 
placed angularly in relation to their 
work. To do this, index centres are 
necessary, shown on the table of the 
universal in 75 (Brown k Sharpe Manu- 
facturing Company, Providence, II. I., 
U.S.A. ). The principal ways in which 
machines differ from the type in 70 
concern the feeds, which are not derived 
by belt cones in a great number of 
modem machines, but through gears, 
giving a positive drive. The necessary 
changes are obtained by nests of gears 
69 VERTICAL boxes, any combinations required 
SPINDLE being obtained by sliding the gears or 
moving keys to throw different sets 
into engagement. Much heavier cuts are now pos- 
sible as a consequence of using geared fems, 
and advantage is taken of the extra capacities of 
the high-speed steels. 

The changes are also obtained without the trouble ^ 
of belt shirting, small levers sufficing to throw " 
the feeds in and out. The most complete 
machines have a power vertical feed in addition 
to the one given to the top table. Automatic 
trips are fitted, consisting of levers which are 
struck by dogs on the moving slides, the levers 
transmitting me motion to throw-out clutches, so 
that the feed is instantly stopped. As the 
dogs may be bolted i^nywhere on the table 
edges, the precise location at which the 
thmw-out occurs is easily settled. It will 
be noted in 78 and 75 that the knee is tied 
Ur tbe oveifhanging arm by slotted braces, 
which imWt additional rigidity, com- 
pensating one-sided nature 

of "the design. iJieae braces cannot be used 
lee iS’ moving vertically. The 
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wheels working on the end of the screw. 
Tm telesoopio shaft has ball joints, uiiich allow 
it to angle and twist about in any direction^ 
a neoeanty on aoeount of the rising and falling of 
the tabfe. An automatic trip de^oe is fitted to 
drop the worm out of gm wsen desktd, as men* 
tkuM ki eonneetioa wm 99 . ' These pointa repre- 
sent the principles cd the dasigli, but many modifi- 
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when the knee i8> moving vertically. The 
vertical knee screw in 75 is of teleeoopio 
form, oompruing one screw within endiher, 
the effect of which is to obviate the moeSmy of 
cutting a hole in the shop fioor> to- pass the screw 
into, as in 70, where the screw ia plain. Modifications 
are made in the latest machines concerning the 
driv^ arrangements, an eleotdo motor dnriim 
by chain to a series of change-speed' ^;eara which 
give different speeds. 

laiieac Cnntrm. The index centres, or divid- 
ing heads, bolted to the machine tabljs, may be of 
plain form, consisting of a couple of heads with pohit , 
centres, the chief one being fitted with a notdsed 
plate, by wbipb settings are successively made to 
divisions pf the circle. Thus, a plate with {cur 
ttotobes at right angles Is employed for work whldh', 
has to have squares milled on it ' WheiL Hbo plate' 
has(4t larger number of notches, 4iviaioak why he 
effected into smaller numbers by sldppiiig one te ^ 



more of the notches. The plates are looked by 
s{«ing catches m the various positions, and the 
work, lyingi between the point centres of the head 
and the tailstook, is held with a carrier, so that it 
must turn round lyith the plate. The notched plate 
device is suitable only for low numbers , above 
these plates are used, consistmg of steel discs 
drilled with several circles of hoies, such as 24, .30, 
96, and 42, or other sets A spring pm is allowed 
to hlide mto the required holes, and so to lock the 
disc at each setting The most complete dividing 
heads have a plate on the spmdle for low numbers, 
and another on a secondary spmdle, which turns a 
worm, engaging with a worm wheel on the mam 
spmdle Veiy fine subdivisions may be obtamed 
by this combination For example, supposing the 
worm wheel has forty teeth, then one turn o? the 
worm would rotate the spmdle 
through one-fortieth of a revolution. 

A movement from one hole to 
another m the mdex plate would 
consequently result in a much 
smaller motion of the spmdle In 
addition to the mterraittent 
movements obtainable by hand, 
there is a contmiious motion 
possible m the universal ma- 
chmes, derived from the rota- 
tion of the table feed stre\^ 

This turns a set of gears at the 
end [76J, connected up to the 
worm and driving the datter, 
and thence the wheel and npmdle at a uniform rate 
as the table travels along TTehcal forms may be 
cut upon the i^ork such as in spiral gears, nulling 
( utters, and twist drills the ratios being varied by 
suhstitutmg different change gears, the ease bemg 
similar to that of screw cutting m the lathe The 
spmdle of the headstock ma> he angled up or do\^n. 
for cutting tapered or bevelled work The tailstock 
also has a range of vertical motion and angling to 
support the work 

Index centres of plain form aie often of multiple 
type, possessmg three or more spindles to carrv 


graduated to swivel to exact angles for settmg tf • 
d i' 


pillar encircling the spmdle nose, some carrying a 
vertical spindle driven from the mam one, the ver- 
tical position moreasmg the range of the machme 
for some classes of work A slotting device m which 
a short ram is driven up and down is useful for dic- 
cuttmg, etc A very complete 
system of lubrication is pro- / 
vided for, mclud- ^ 

mg a pump and 
tubes Bims 
cast 
around 
the top 
table 
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•duplioate pieces of wwk, which are cut simultane- 
oualv by mills mounted on the one arbw above 
Tmtc toK) numerous fittings and attachments used 
with these pillar and knee machmes. A vice, seen 
on the table of 78 and on the floor m 76, is employed 
to work cannot be held so conveniently 
mhk bolts and clamps. The base is oiroular, and 


71 HEAVY PLANO-MILLER 
(birW C» Armstrong VV hitworth & Co Ltd , Alanchestei) 

and the base to catch the oil The table run t on 
nects with a pipe to a tank on which the pump is 
mounted to return the liquid (oil or soapy water) 
to the work A moderate amount of lubrication 
sufficient for some jobs, may bo secured b\ the drip 
can, seen m 76 above the spmdle 
Vertipal Spindles. The vertical spindle 
machines have some advantages not possessed bv 
the horizontals, and there are consequently a 
number of designs of this class They are especiallv 
favourable to the use of end of face mills, and the 
work can be seen clearly by the operator Anything 
in the nature of grooving or recessing is suitable 
for a vertical spmdle, and several edges of an object 
can be milled around in succession, or circular 
pieces finished Pomts common to drilling machmes 
and to Blotters are found m the vertical millers 
there is a i evolving and vertically adjustable 
spmdle and a base with slides But the spindle is not 
fed down quickly like that of a drill, and the feeds 
of the tables are contmuoiis instead of intermittent A 
very complete example of a vertical spindle machme 
IS illustrated m 74 (Kendall & Gent, Ltd , Man 
Chester) The spindle is bolt-driven, like a billing 
machine shown m the last article, but has additional 
back gears to gam power for heavy cuttmg The 
spindle IS moved downwards by sliding its lowei 
bearmg by means of a vertical screw moved with the 
large band wheel seen on the bearing A support 
IS afforded to the bottom of the cutter arbor of a 
similar character to that described m 69, but the 
bearing is carried out and fastened by a hinge 
to the framing The tables cinnprise two moving 
at right angles, and a circular one on the top, all 
moved by hand or by power through the stepped 
belt conM seen, actuating a shaft and gears m the 
t-ables, clutches bemg used to throw the feeds m or 
out. Buies are attached to the slides, and m con- 
junction with pomters mdicate the amount of move- 
ment given. This is an alternative to the employ- 
ment of graduated discs on the feed screws, suck 
devices bemg used on most high-class machines nosi . 
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Fig. T2 irepresents a very lar^ Belg^ maohine 
kaving pointa in o<»nmoii with me laat iUostratioU; 
it is driven from anelectrid motor seen to the rear, 
operating through change-speed gears (enclosed) 
aro thence the belt which passes up over the guide 
puUeys to the spindle. The oack ge^ for the latter 
are enclosed in the sliding head, which, on account 
of its massiveness, has a power 
travel for quick adjustoipnt up 
and down. Its weight is counter- 
balanced by the wei^ts passing 
into the floor below the machine. 

The table feeds are effected by 
the band wheels, or automatically 
by power in the manner pre- 
viously described. 

A class of machine not e:caotly 
like either of the designs shown 
lias a vertical movement to the 
tables, which are carried on a knee 
like the pillar and knee machines, 
the movement being used to ac- 
commodate work of various thick- 
nesses, while the feed, when re- 
anired, 's ii^parted to the spindle 
slide. ^ 

Profilers. The profiling 
machines constitute an important 
group. They carry saddles, which 
lire coerced by the action of a tracer pin [see 272, 
page 3403] pressed against the copy or form piece by 
a weight, or by the attendant holaing a lever, and 
the outline of the copy is reproduced on the work by 
the milling cutter ; both the work and the copy are 
bolted to the sliding table. A profiling machine (by 
James Archdale & Co., Ltd., Birmingham) is shown 
in 77, one of two-spiiidle type, one of the spindles 
carrying a roughing cutter and 
the other a finishing cutter. The 
table is travelled along by the 
hand wheel at the side, omrat- 
ing a rack drive throu^ the 
spur gears seen dotted. The 
two milling spindles are driven 
by endless belts from a long 
drum at the base, which accom- 
modates their sliding move* 
ment The spindles are carried 
in vertical slides; these again 
are supported on light hori- 
zontal slides, which move u]:^n 
another heavy saddle running 
on the cross-rafl. The heavy 
saddle is moved across for 
adjustments for brin^g either 
spindle intoposition by the boll 
nwdle seen in the front view, 
rotating soar gears connected 
with 4 rack on the underside of 
the saddle. After thus bribing 
the main saddle into ^ition, 
the attendant moves uie lijght 
spindle slides during cutting, 
using the long levers seen 
standing out, timse light saddles 
running on roUeis. Balance 
weights are mounted on pivoted 
lev w n to oounterbalan^ the vertical sl|^; the 
latter are fitted with stop screws seen at their 
rl^it-hand sides. Profiling meohanism is used on 

plkao-miUers previously treated, the meohanism 
htemdliu;. of conree^ a tracer pin; we^hts null 
the elim over into eenstaat hearing against 
the cut 
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Cfrotilar Millilif Macbltten* These have 
been brought into prominence during recent years, 
supplanting the tum^ lathe for some kinds of 
work. They are especiaUy suttable for gear hhudm, 
belt-pulleys, rope-wheels, etc., of light eeotions, 
whion can be milled mwe quickly than tliey can be 
turned. A certain amount of circular milling » 
possible on ordinary machines, 
using a rotary table, but the 
special machiues eu?e more con- 
venient and have greater capa- 
cities. In 78, a oscular miller 
by Ludw. Loewe & Co,, Berlin, 
the cutters are held in the spindle 
of a headstock with belt cones 
and back gears, seen to the left 
of the figure, while the work is 
placed upon a mandrel driven 
from the spindle of the head to 
the right, the mandrel being sup- 
ported at its free end by the 
tearing on the triangular 
bracket, this bearing, together 
with the head, being adjustable 
to and from the cutter for varia- 
tions in the diameter of work. A 
series of rotary feeds given to 
the work is derived the 

friction discs at the rear of the 
cutter headstock, transmitted thence to the work 
head, and driving a worm gearing with a worm 
wheel on the spindle. 

Cam Milliag. Those machines, also, have two 
sete of spindles to drive the cutter and the work 
(if the latter is circular), and the cam outline is 
reproduced from a master, or copy, a principle 
similar to that described under profilmg machmes. 

Screw Milling 
Machines. These have been 
largely develo^jed during the last 
few years, cutting the threads 
of vee or square-thread serein's' 
by milling instead of using a 
single-pomted tool in the latne. 
The output IS considerably 
greater with the milling cutter. 
The machines have means for 
rotating the blank at a suit- 
able speed, while either it or 
the cutter head travels along, 
ploughing out the spiral thread 
as it goes. The cutter is 
neoessarily plaeed on an angle 
to suit the pitch of the screw. 
Some machines of this type 
can handle work up to 12 in. 
diameter by 48 in. long. Twist- 
drill milling machines are Of an 
allied oharaoter; there are two 
cutters OMrating simultan- 
eously in the two Antes of the 
drill, while the latter is (did 
longitudinally, and also given 
a twisting motion. 

Gear • oUttlM These 
machines are divkible into 
two classes, one having rotary 
cutters, the other planer tods, the latter being 
employed chiefly for bevel gears, wbkih oaimot hi 
out aoouratoly with rotary cutters except bymakhig 
special movements. Spur gears are out on mfll|hg' 
moohinet fitted with Mex centres, but the pro« 
duct is limited to rather small gears, and the 
met!^ is not economical for manulaotiiriiigi 



ill quantity. Macibiu^ are riemi or full automatio, 
the latter naturally involving many complica- 
tion^ A aenri-automatio type, which is com- 
jneialy used, is shown in 80 (O. Birch A Co., 
Manchester). The wheel blank is held on the 
horiaontal arbor, and, if necessary, is bolted also 
to the slotted faco-plate. On the other end of the 
arbor is a large dividing worm wheel, which is 
turned round a portion of a revolution through a 
series of change gears. After each partial turn a 
tooth space is ,cut by a mill held on the vertical 
arbor seen to the righ^ on the saddle that slides 
along the horizontal rail, either by the hand wheel 
seen, or by self-acting gears, which are tripped 
after each traverse. A machine of this description 
is also adapted to cutting bevel and worm gears 
if the cutter slide is made with a swivelling motion 
to allow of angular setting. 

A full automatic spur gear cutter, by J. Par- 
kinson & Son, Shipley, is shown by the photo [79]. 
The wheel blank is held on the horizontal arbor 
supported in the dividing 
head spindle to the left, 
and at its outer end in 
an upright steady- pillar. 

The height is adjustable 
to suit differing diameters 
of wheels by sliding the 
spindle- bearing saddle up 
or down its pillar through 
the screw and handle. 

The cutter is keyed on an 
arbor lying below the 
work mandrel, and hav- 
ing bearmgs in a slide 
which is given a slow 
motion during cutting 
and a rapid backward 
motion after a tooth 
space IS cut. At the same 
time the blank is moved 
around by the amount of 
one tooth and another 
cut taken. The large 
dividing worm wheel, 
covered with a guard, is 
partly turned by a worm 
on a vertical shaft as the 
cutter slide moves back ; 

^ aange gears are set to 
determine the requisite 
amount of rotation to suit me wheel pitch. The 
movement is sq arranged that the speed of the 
dividing js gradually accelerated at first, and. then 
thus avoi<” 


retarded, thus 
Another useful 
mtermittent spacing ; 
teeth in regular order, some are 
and every second or every fourth toot] 
intervening ones being out subsequenti 
wheel comes around. The objeot of ti 
avoid risk of inaccuracies tlirough the 
heating and expansion of the blank 


voiding shocks to^ the parts, 
device is that incoriporated for 
instead of 'cutting the 
over, 
out, the 
r as tke 
is' is to 
unequal 
at qne 


location where cutting has proceeded on several 
teeth close together. A device is also fitted to pre- 
vent the cutter from feeding up as usual should the 
dividing meohanism fail to act through accident, 
whioh would otherwise result in a spoilt gear. 

Machines built on this model are also arranged 
lor bevel gear cutting, by making the cutter slide 
tilt up, so as to feed angularly, or else by swivelling 
tiie spindle head carrying tiie blank. 

^ or gears are also out with planing tools, but the 
dcis not so rapid as by using xnillmg cutters. In 
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the Fellows machine the tool is the shape of a gear 
itself, and it roUs in contact with the blank swOe 
reciprocating, thus generating the true tooth curves. 

As mentioned previously, rotary cutters cannot 
produce true bevel tooth curves on account of the 
change of form along the flanks ; there are two or 
three machines, however, which get over the diffi-* 
culty by imparting extra movements to the cutter 
to enable it to follow the taper of the cone, and 
make correct teeth. The Waning method is one that 
produces accurate teeth, because the strokes all 
point to the, a 
machmes are 

Gleason design, a pattern or form-tooth of large 
size is used to guide the movements of the tool, 
and make it cut a similar profile on a reduced 
scale on the blank. Three formers are employed, 
one for use when blocking out the centre of the 
tooth spaces, and two others when tooling the 
flanks, which are done one after another. The wheel 
blank is mounted on a mandrel, which is rotated 
intermittently by di- 
viding mechanism. A 
good many machines of 
similar character are 
made, but we cannot 
attempt to describe them 
here. There are also 
generating mju>hines, 
cutting gears without 
the use of formers, the 
tooth curves being pro- 
duced or initiated by the 
action of rolling move- 
ments of the blank 
against the tool. Worm 
and spiral gears are cut 
by rotary mills. They are 
done on machines with 
arrangements for rotat- 
ing the blank at a suit- 
alne rate as the cutter 
owrates. In worm 
wheel bobbing machines 
the cutter assumes the 
form of a worm, notched 
to make cutting edges, 
and it works into the 
wheel while rotating, just 
as though the two were 
driving together. Hoh- 
bing machmes are made to cut spur gears, the 
blank revolving while the cutter rotates, and also 
feeds downwai'ds to make the teeth straight. 

Miacellanoous Machines. Among other 
machines used in the machine shop are saws, 
screwing machines, and key-seaters. Saws of 
band, circular, and hack types are used for cuttiilg 
out portions of metal, and for [larting off bars, 
tubes, etc. The band saws resemble the familiar 
wood- working type, with stiff er tables, having power 
feeds, and different saws. Circular saws run 
slowly, and the beds embody provision for clamping 

E ieoes of work down while the saw cuts througm 
[ack saws use narrow flat blades. Lubrication is 
essential in cutting wrought irem and steel 

Screwing machines, us^ for cuttmg threads on 
bolts and bars, are made in diverse forms, but the' 
general principle is that of a revohrmff die^head, 
carrying screwing chasers, which out tne threcuis 
on a piece held in a vice and moved along a bod 
as screwing proceeds. The chasers are oonstrnoted 
to fly outwards in the head on moving a lever, so 
that the bolt may be drawn back instantly after 
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‘ 'Either plain belt cones or geared drives 
rotate tw^die-headk Tapping is done with long 
taps piCIS^ through nuts held in a vice. This sort of 
work it simple, but there are some classes of tapping 
in which dang^ Of breakage of taps is inourrea, and 

ra ^^Hotibn devices are intrcxiuoed to let the 
[fp should undue strain come upon them. 
Kty^ataHng mik)hines, though not very old, have 
groTO rapidly in" favour. ' They supplant the 
ordinary siting machine for the work of cutting 
key-ways in wheel bores, and avoid employing an 
expensive large machine for work w'hich is far within 
its utmost capacity. The Blotter is quite suitable for 



key-way slotting, BE 76. heavy vertical- 
but is an exi>ensive BP SPINDLE BOLLING 
machine to use on MACHINE 

such small w-ork. 

The key-seaters produce the same effect without 
anything like the massiveness of a Blotter, and they 
possess certain advantages. The mode of operation 
is shown on page 3403 [1W6], and the machines com- 
prise a horizontal table up through which the 
slotting bar reciprocates inside the wheel bore. 
Feed is given to the tool, or to the table on which 
the work is held. The top of the bar is supported 
above the wheel, so that a stiffer construction is 
afforded than that of the ordinary slotter tool 
when working in deep holes. 

Grinding Machines. These constitute an 
important group existing in numerous varieties, for * 
executing both plane and curved surfaces. The 
common grindstone, or gritstone, is not representa- 
tive of am' modem machines, since it combines no 
provision for precise and accurate grindmg to exact 
forms and limits. Machines which use artificial wheels 
moulded of emery, corundum, car- 
borundum, alunduin, etc., are 
capable of very high-class work, 
and also of rapid reduction of 
material, due to the accuracy of 
shape of the whe^, the forms 
into which they can be moulded, 
and their durability. Grinding 
machines are not designed pre- 
cisely like the types of machines 
hitherto shown b^use regard has 
to be paid to the fact of vibration 
introduced by the high speeds, and 
the necessity for jproteoting slideH 
and bearings team flying dust, which 
would quicidy rum t&nu There 
is alao a difficulty on account of 
the Idse in temperature oooasioiied 
hy the grhkhng action, which tends 
to dist^ the work and affect Its 
truth. A cpinoni supply of water is 
theiefoiejsst’^ssaiy, and meansmust 
byiBMiL?****®*^* Jt again M 


■it runs off the work and wheel. Guards are ra- 
ouired over the wheels, both to prevent the dust from 
flying and in case of accidental fracture of the wheels. 

Plain Grinders. The plainest grinders are 
those mounted similarly to natural grin£tones, with 
a wheel fastened on a spindle revolving in two bear- 
ings, a belt-pulley affoming the means of driving. 
The work is held against the wheel by the handi 
alone, a very suitable method for some kinds of lobs. 
The addition of a plain rest increases the usefulness 
of the machine, enabling work to be pushed up 
readily without its slipping about. The rest must 
come very close to the wheel, and the latter must 
run in a direction towards the rest. 
When two wheels are provided at oppo- 
site ends of a spindle, the ran^ of use- 
fulness is further increased ; the wheels 
may be of similar kinds, for a couple of 
men to wewk at simultaneously, or of 
different kinds or grades for particular 
operations or classes of work. Thus, 81 
shows a machine with a disc -wheel at 
the left-hand side and a face or cup 
wheel at the right, both with work- 
rests. A steel guard is placed 
around the disc-wheel to prevent 
the fragments from scattering by 
centrifugal force in the event of 
bursting. Many bad and occa- 
sionally fatal accidents have oc*curred through the 
breaking of grinding wheels, and it is very common 
to encase them in the manner shown, or by equiva- 
lent methods. In this machine there is also a small 
exhaust fan at the rear of the pillar, which sucks 
through the pillar from hollow troughs underneath 
the wheels, and also through the hollow base of the 
face wheel rest, all the dust produced in grinding 
being thus instantly removed and deposited wherever 
convenient. In what are called (not grinders^ having 
one or two wheels, water is supplied from a pump, 
or by a tank, and the wheel, being thus constantly 
flooded, does not scatter its dust about in the air. 

I>iac Grinders. Although very true sur- 
faces cannot be produced by holding work in the 
hand against the periphery of a disc -wheel, rapid 
roughing can be done thus, and a flat finish given 
by holding the piece against the side of the wheel. 
A type of machine mat does this class of work 
very accurately and rapidlv is the disc grinder, 
which has no solid wheels, out sheets of abrasive 
cloth cemented on to steel di8C‘8, running at a much 
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liigher speed thali that safe for moulded wheels. 
Both rtipiAity and accuracy are attained thus. Com- 
I^ete views of a disc grinder have been given on 
, page 2792, which mAy be referred to. Some machines 
have two discs set opposite to each other, the 
work being slid between^ and thicknessed ac- 
curately smoothly. A good amount of work 
that was formerly sent to hk shaped or milled is 
now finished more rapidly and as accurately by 
disc gi'inders. Keys, cottars, half-brasses, glands, 
nuts, etc., are among the objects so ground. The 
discs of emery or other cloth are cemented on the 
steel discs (removed from the spindle for the pur- 
pose) by keeping them in a press, a spare set of 
discs being emploj^ to avoid waiting for the cement 
to set. Old worn-out paper or cloth is removed by 
scraping, after the disc has been placed in hot water. 

Grindem for Plane Woiil. The addition 
of a slide-rest to an ordinary grinder enables it to 
work more accurately, and grind plane faces, but 
the length of travel is necessarily limited. Hence, 
for fiat surfaces of considerable length, a machine 
resembling a planer or miller framing is required, 
with a table to carry the work past the wheel. Some of 
the smaller maonhieB of 
this class have a single 
upright upon which the 
wheel saddle slides up and 
down, to accommodate 
>'arious depths of work 
placed on a table below. 

Larger machines have two 
standards, like planers, 
and the wheel is supported 
on a cross-rail, the move- 
ments somewhat resem- 
bling those of a planer. 

Fig. 82 is an illustration 
of a large plano-grmder 
(Friedrich Schmaltz, 

Offenbach-on-Main), built 
on the planer model, the 
table, housings, and cross- 
rail being obvious. The 
wheel spindle, running in 
bearings u^n the saddle, 
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is rotated l>y an endless 
belt coming down from 
the countershaft above, 
passing around two idle 
pulleys attached to the back of the cross-rail, round 
the spindle pulley, and round a tightening pulley on 
the base of the machine. By this arrangement the 
alteration in height of the oross-^rail on its housings 
makes no difference to the drive. The wheel spinme 
is prolonged on the left-hand side, to pass through 
the ptilley and the bearings as the wheel saddle is 
movM across the rail. The latter movement is effected 

by the screw 



reversing the 
motion 
through a 
clutch and 
bevel gears, 
shown &tted 
at the end of 
the screw. 

The table is 
actuated in 
planer fash- 
ion by the 
fast and loose 
pulleys and 
striking gear. 

In the end 
view, the wheel guard is not shown, but it is in the 
side elevation, together with the water pipe, dotted. 
Flat work of various kmds, as slide- bars, rods, 
guides, etc., are mound with accuracy and rapidity, 
with the added advantage that they may be 
hardened beforehand without affecting the toolmg. 
A planer would not be able to tackle hardened 
work. Machines of this class are also constructed 
with a face wheel, the 
spindle of which stands 
vertically, an advantage 
m some instances. 

Pi xt o n - rod 
Grinder. Flat surfaces 
of another kind, on cir- 
c’ular discs or rings, such 
as piston rings, are 
ground with a machine 
[83] (J. E. Reinecker, 
Chemnitz - Gablenz) in 
which the table rotates, 
carrying the work upon 
it, and the grinding 
wheel above is traversed 
along the cross-rail by 
hand, or automatically. 
Tlie design reminds one 
at once of the boring and 
turnmg mill. A neat 
arrangement is fitted for 
automatically decreasing 
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seen 
within 
rail, 
driven 
gears— ^ worm 
and bevel — 
off the wheel 
spindle. The 
stop rod 
above the 
saddle baa 
dogs, which 
are struck 
by a stop on 
tM saddle* 


the rate of revolution of 

the table as the wheel 

SPUR-OBAR CUTTING MACHINE nearer the periphery, 

where the speed of the work should lessen, to main- 
ta in a correct grmding ratio. A pair of reverse cones 
is used, one on the countershaft, shown dotted, and 
one on the top of the machine, a belt connecting the 
two. In the position in which it is shown, the lar^r 
end of the countershaft cones drives the machine 
cone at a quick rate, and the latter cone transmits the 
motion by a three-steppod pulley cm its left down to a 
similar pulley actuating bevel and spur gears gear- 
ing with the table spur ring. When the wheel saddle 
begins to travel outwards, it operates a belt shifter, 
which gradually moves the belt along the cones, so 
oontmualiy lowering the table speed. The movement 
of the wheel saddle across the rail is by a screw and 
hand wheel, or through the small belt cones on the 
right of the machine, driving from the bottom cone 
up to the top one, thence ‘horiiiontally, and down 
again by a shaft to bevel gears and a worm wheel 
working on the cross-rail screw. The grinding 
wheel is rotated by its pulley, belted from a long 
drum at the back of the machine, driven fi*om the 
countershaft. The drum is fitted with adjustably 
bearings, sliding to and fi*o, to accommodate the belt 
length to suitthe relative position of the cross-rail 
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‘Up oar down tiw housings. The wheel spindle is not 
mounted in dxed bearings on the saddle, but in 
pivoted ones, which allow a veiy fine up or down 
movement to be given by an adjusting screw. 

Hole KMndw* Machines for grinding out 
boles are inohjasingly numerous, because of the 
extent to which hardened work is now used in the 
best practice, and also because it is found that finer 
results can be obtained by grinding than by boring. 
One typo of machine which is rawer common [ 84 ] 
has a circular taMe revolved by cone pulleys and 
bevel gears. Above the table there is a grinding 
spindle running in a long sleeve, and suppoited on a 
saddle that has a cross motion, upon a slide having 
an up and down motion upon the vertical frame. 
The slide is counterbalanced with a weight inside 
the frame. The spindle is driven by belt from 
the vertical di'um, the latter being rotated by a 
belt from one of the cone pulleys at the base, the 
belt passing up over angle pulleys and around 
idle pulleys. The vertical feed is self-acting, 
and is provided with a throw-out by dogs and 
reversing bevels, in a manner 
described in connection with other 
machines. If a piece of work is 
therefore bolted to the tabic, and 
the spindle set sideways suffi- 
ciently to let the grinding wheel 
touch the interior wall of a hole 
in the centre of the piece, this 
hole may be ground out circularly 
by revolving the table and wheels 
[see 282, page 3404]. If. however, 
the work is too large or awkward 
to revolve upon a table, the 
planet spindle device [288, page 
340^] is employed, and also for 
pins, as in 281. The work is 
fixed, and the grinding wheel, 
besides its own rotation at a high 
speed, describes a circle at a low 
speed, the range of the circle being 
variable to let the wheel piove in 
a larger or smaller diameter. The 
usual pattern of spindle [86] is of 
triple form, comprising the wheel 
spindle — the innermost one, run- 
ning in conical bearings within 
another spindle, but out of centre, 
a further outside sleeve embracing 
the other. The outer sleeve is 
rotated slowly, the grincMng spin- 
dle rapidly, and tHe latter is increased or diminished 
an range by turning the intermediate spindle 
to bring the grinding spindle out towards the 
circumference, or in nearer the centre, where its 
throw is lessened. The means of alteration are not 
shown in the drawing, but they usually include 
worm gears. A hole-grinding machine fitted with 
a planet spindle is illustrated in 94 , grinding out a 
oyiinder bore. Horizontal forms are useful in many 
eases, the parts of the grinc^ng head being more 
accessible tnan in the vertical^ In the last two or 
three years several firms have brought out maohiues 
specially for motmr-cylinder grinding, boring being 
dlipeiised with altogether in many cases, so that 
although the hole-grmdera were ori^ally develoned 
for exigine work, to deal with the nardened busnes 
fo ro£ and Imk motions, their scope has been 
greatly extended. 

Qrindcra* A rented class of machine 
If link grinder, employed for finishing out the 
oi^rves of ‘£i^lhifoi after hardening. Tlw correct 
ta^s is firodueed by using a long pivoted rod, 
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which coerces the motion of the link upon a table, 
while the grinding wheel simply revolves within tiia 
slot. Some machines specially built for rod work 
possess two vertical spindles, the centres being 
adjustable to suit the rods ; both bushes are grou^ 
out at one setting of the work. 

Cylindrical Grinder*, The grinding of 
cylindrical work is, perhaps, the most important 
class of this process in the machine shop, just as 
lathe work predominates over planing, shaping, and 
slotting. It is done on machines that bear resem- 
blances to the lathe. In fact, all the early grinding 
Was done in lathes by adopting the device of putting 
a winder head on the slide-rest, a practice stiU 
followed by a few firms. An ordinary lathe, how- 
ever, is not fitted to withstand the damaging effects 
of grit, and it has several inconvenient poin^ which 
are not found in proper grmders. The obvious 
necessity for cylmdrieal work is two heads, with 
point centres, and a means of driving and of feeding 
the wheel along the work. This is met in two 
different ways ; in the smaller machines the heads 
are placed upon a long table 
w'hioli slides past a fixed wheel, 
in the larger ones the heads 
are stationary, while the wheel 
travels on a saddle, llie reason 
for this difference is chiefly 
one of convenience, because it 
would be awkward to have a 
long table projecting by a con- 
siderable amount beyond its 
bed at each travel, and requir- 
ing a lot of space left in the shop. 

A machine belonging to the 
class with moving taWc, is shown 
in 86 to 88 (G. Birqh & Co., Man- 
chester). Its capacity js 10 in. 
diameter, by 24 in. long. The bed 
supports a long sliding table upon 
a vee and a flat, and upon this 
table an up})er tabic is fitted in 
such a manner that it can be 
swivelled to bring its head and 
tail stock lying angularly in rela- 
tion to the wlieel head at the 
rear, enabling tapered work to 
be ground. The wheel head can 
be swivelled around on a circular 
base, and moved to or from the 
table, by the hand w'heel seen 
ill front. The other hand wheel 
moves the table along ; it is also fed aiitomatioally 
by the four-stepped cone pulley [87 and 88] which 
operates gears driving a pmion meshing with a rack 
under the table. An automatic reversing device 
is incorporated, which, by means of dogs on the 
table, keeps the latter sliding to and fro while 
the grinding wheel is reducing the work. At each 
reyersal, a minute movement is imparted to 
wheel slide to make the wheel get in deeper. The 
countershaft arrangements include a long drum of 
small diameter, for driving the headstock and 
allowing the belt to slide as the table moves along, 
and a largo drum sufficiently long to accommodate 
the varying positions of the l^lton the wheel spindle, 
as the h^ad is angled. There is also -the belt tor the 
four-stepped cone mentioned, and a small belt for a 
pump. On referring to 89, wdiich is a view looking 
down on the lay-out of the countershafts, the uses 
of the various pulleys will be obvious. 

There are two kinds of these maohines, plai% 
and tmiveraal. The plain have no swivellinff moves* 
meat to the w^heel slide, or to the hendsto^ tints 
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fenderin^ them moapaUe of tackling certain angular 
work which the universal is fitted to do. The head- 
stock of the machine [M] has its up^r porti<m 
swivdling upon a circular graduate base for 
aneolar settings. The hollow spindle is driven 
either by the pulley at the left-h^d end, or the 
pulley may be looked with the plnn^ seen, and the 
work rotated on dead centres oy me other pullev, 
which runs loosely, and drives a carrier on the work 
The head is clamped to the table with a tee-headed 
bolt and a handle. The spindle bearings are split, to 
take up wear with set-sorews. Fig. 91 gives a 
section of the poppet, which differs from that of a 
lathe in having a spring-actuated lever to press the 
centre up to the work, the object being to allow the 
work to expand lengthwise as it heats up, without 
bendin^as it would if the poppet barrel did not give 
way. The nut on the tail end of the barrel prevents 
it going too far. For work which does not need the 
spring device, the barrel is clamped firmly by the 
ball lever squeezing in a split lug st the nose. The 
wheel head [92] has a spinole running in split bushes, 
tapered on the outside and fitted with nuts to draw 
them endwise for take-up. The wheel is gripj>ed in 
a concave disc, and guarded around as muon of its 
diametei. as possible. A fine endlong movement is 
given by a g^uated disc and micrometer screw at 
the opi^ite end of the wheel, so that the latter 
may grind minute amounts from shoulders. Larger 
heads have a wheel at each end of ths spindle. A 
small spindle is provided with these grinders to true 
out holes in work, held in a chuck screwed on the 
nose of the headstock spindle. 

A photo of a heavy grinder, constructed on 
the model previously mentioned, with travelling 
wheel head, is shown in 94. Steady rests are fitted 
to prevent the work from springing away and 
chattering. 

Tool Grindors* Cutter grinders somewhat 
resemble the machines just discussed, but they are 
lighter in construction. A typical machine is that 
in 96, }> 06 ses 8 ing head and tau stocks and grinding 
head, with two wheels. A plan view of a table and 
head is given in 98, which is representative of the 
usual pattern. The centres are carried out on 
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Special heads, and the top table swivels for doing 
angular enttara. A refereooe to the article on 
page 8401 wiU enable the reader to understand the 
applioatioa of the varkms parts ol these machmes. 


There are other types pf machines for grinding 
tools, including twist drills, which are gripped in a 
holder, and given a peculiar twisting motion against 
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the grinding wheel, to sharpen the bps at the end. 
Other machines grind lathe and planer tools by 
movements embodied in the mechanism, graduated 
circles giving the moans of finding what angles are 
ground. 

Polishing Machines. Years ago an me 
bright parts on finished work were got up with the 
file ana emery cloth, but the greater part is now 
polished on special machines, using either wheels. 
Dobs, or belts. The wheels are of wood, covered 
with leather, on which is glued emery or other fine 
powders or compositions. The bobs are built up 
of calico discs, which accommodate themselves to 
awkwardly-shaped work. Belt machines have long 
endless bands, charged with polishing material, and 
running around several pulleys. On a long stretch 
between pulleys, the work is applied by hand to the 
belt, which twists and bends around and into curves 
and hollows in the work. 

Shop Applianceo. There are numerous 
auxiliary appliances used in machine shops to enable 
the work of the machine tools to be facilitated. Some 
of these are regular machines, as the bar straighteners, 
which true up bent bars and shafts ready for the 
lathe ; the cvititig-off machines that part off bars to 
definite lengths for various purposes, and the 
centring machines for drilling and countersinking 
holes in the ends of shafts, etc. Mandrel presses 
are used, comprising an arched frame bedding a 
vertical ram that can be forced down by rack and 
pinion to push work mandrels into or out of their 
objects, instead of driving them with the hammer. 
When, however, the latter practice is followed, by 
the aid of a lead or copper hammer, mandrel stands 
are brought into use ; these are hollow pillars, 
provided with a number of differently sized rings, 
placed on the top, one of suitable size oeing select 
that wfil allow a given mandrel to x>a88 through msd 
hang down while the work is supported on the face 
of the ring. 

In shops where a good system of lubrication for 
the cutting tools is adopted, oU sepamtors are 
installed, ^ey have vessels, revolved at a very 
high speed, which, when oil-soaked chips from the 
machines are plac^'hiside, whirl the ou outwards, 
by centrifugal force, throup;h perforations into an 
outer receiving vessel, leaving the chips dry. The 
oil is thereby uirgely saved, ready to be used again. 

8hop stands are installed in most shops nowadays ; 
tney are fitted with shelves or racks to carry pieces 
of work, or tools and appliances, and save the 
damage and untidiness caused when ^se ^ings ore 
allow^ to knock about on the floor. In the beat 


practice, each lathe «and machine is supplied #ith 
a stand close to it, and convenient^ to m operator. 
Cos^nusd 


A SHORT DICTIONARY OF MACHINE TOOL PRACTICE 


See alto DIetlonary of Haohikk aitd Frixi^^chSHOP Tbehs» page 8409. 


AOifUrriiia •OUBWS^Used for 

moving tlMeii and for setting parte 
to deftntte Mltione. ^ 

AllgniiMr — dotting pgrts in line, 
im IM lathe epittdltS?^. 

•iatheiiea<r 

best stepped cones, hot geara only, 
to obtate the sneedrohaom 
Ajipoih-Tim part of a lathe cgirriage 
which hangs down in front and 
carries thd Olasp-nnt and gears for 
sliding and surfacing. 

Axle - landing Machine— A design 
somewhat resembling that of a lathe, 
but with two grinding heads instead of 
turning rests. 

Axle - turnlnir Lathe — Used for 
rapidly finishing railway axles, 
usually turning both journals simul- 
taneously. 


MKTAL — Employed 
largelv for spindle bearings. 

Back Centre — Ihe hinder centre on 
the poppet in lathes and grinders. 

Back-gear— loothed wheels used to 
gainjMwer and transmit it back to a 
spincfle. 

Bacldng-off Lathe— >ne with a re- 
ciprocating slide-rest, to cut the 
clearance behind the teeth of cutters. 

Backshaft — The feed - shaft when 
placed at the back of a lathe-bed. 

BaJl-tuming Rest— A swivelling slide- 
rest for turning spherical portions. 

Band-saw Machines— Largely em- 
ployed for cutting metal. 

Bed — ^Anv base or lower portion on 
which slides are set or moved. 

Bell Chuck — ^A hollow chuck in which 
work is gripped with a number of 
set-screwB set radially. Also termed 
cup chock. 

Belt Polishing Machine— A on 
which runs an endless belt charged 
with polishing material, adapted to 
go into curves which could not be 
touched by wheels. 

Belt Shipper— A handle moving 

forks which “ strike '* or push a 
dnving belt from one pulley to 
another. 

Bench— A prefix applied to certain 
small machines, as bench drilling 
machine, bench lathe, bench grinder, 
which are not fastened on inde- 
pendent standards. 

Bevel Gear Cutting Machines— These 
use either rotary cutters or, with 
more accurate results, planer tools. 

Bolt-screwing Machine, or Bolt 
Cutter — One which cuts the threads 
on bolts, revolving in a spindle, by 
means of dies in a sliding carriage, 
or vice vers&. 

Boring — Performed either in the lathe 
or in social machines. 

Boring Bar — A cylindrical bar in 
whi^ boring cutters are fixed. The 
bar may have a large head to carry 
cutters ; the head may slide instead 
of moving the work. 

Boring HmuI— A cylindrical head car- 
rytog a number of cutters around 
its periphery. 

B<^ng Lathe — One used for preparing 
wheels for turning. It only bores 
and faces the hub. A slide-rest or a 
special poppet is fitted. 

Boring Maohinos — Either of hori- 
rontal or vertical types, with one or 
several spindyiea 

Boring Mill— A lathe having ito axis 
veirtloal, with table, and cross-rail 
m^ng a tool-saddle. 

Bormg Rost— Used to steady and sup- 
port either work or boring tools., 

Bm TofAi— Cutters held in oast-iron 
hoxea with steadies to ensure uniform 
“ I in tuRiing. 

__ a chasing rest, and 

Mnu^a turret. 


Breaking Piece— A pin or portion 
introduced into mechanisms, such os 
planers, to shear off when a danger- 
ous strain accidentally comes on the 
,^dijlvlng gears. 

'Bfeak Lathe — One with a wide gap. 
- and an*extra rest mounted on a pillar 
by the face plate, besides the rest 
and pcmpet on the bed. 

Broaohing — Smoothing out round 
holes with broach or reamer. In 
America the word means drifting^ 
and broaohing machines are em- 
ployed. 

Bush Grinder — A machine for lapping 
or grinding out bushes m hardened 
work, with a grinding wheel. 


CABINKT LCQB — Machine standards 
which are cast as cupboards for the 
reception of tools, etc. 

Cam Cutting Machines— Either mill- 
ing or Ending machines using 
formers. 

Capstan Rest — ^A tool-rest carrying 
several tools in a circle. Also termed 
a turrtt. 

Centring Machines— For drilling 
centre^oles in shaft-ends preparatory 
to turning or binding. 

Chamfering Machine— A type of 
lathe employed to chamfer or bevel 
nuts and bolt-heads. 

Change-wheels— Toothed gears used 
to obtain speed ratios In screw -cutting, 
etc. 


Chasing Lathe— One used for the pro- 
duction of screws by a die, or with 
tools traversed from a hob. 

Chuck— Any appliance used for grip- 


ping work to ne tooled. 

:hudlin 


Chudling Lathe— A face type of latlie 
employed for tooling objects held 
in a chuck by one end only. 

Chucking Tools — Long drills and 
reamers used in ehuckiny lalhft. 

Circular Milling Machine- A design 
in which wheels, etc., are rotated, 
and cut by milling cutters, instead 
of turning in the lathe. 

Circular Motion — A fitting on a 
shaper which rotates to shape curved 
pieces. 

Clamping Plates— Employed on most 
machine tools to hold work securely 
during tooling, or to grip the tools 
in their rests. 

Clasp Nut — A divided nut which 
may be disengaged at will from & 
guide screw. 

Cold-iron Saw — A circular saw, rotat- 
ing at moderate speed (unlike the 
hot-iron saw), for sawing castings 
and forgings. 

Collet — ^An intermediary fitting to 
hold cutters, drilk, dies, etc., in 
spindles. 

Combination Chuck— A lathe chuck, 
the Jaws of which can be operated 
independently or simultaneously at 
wiU. 

Combination Machines— Those whicli 
are capable of perforn^ng various 
operations, instead of * only onr,' Is 
boring, drilling, and milling, piamng 
and griudiim, planing and slotting. 

Compound Rest— A slide-rest witp 
superimposed slides, affording move- 
ments in two directions. 

ConoentPie Chuck— <Iiie in which, the 
Jaws are moved simultaneously. It 
is also termed $elrcetUrina. 

Cone-p3ate— A form of steody-rest, 
comprising a disc bored with differ- 
ently-sizea taper-holes and mounted 
on a bearins-x^ It is set upright 
facing the lathe-head, and one taper- 
hole receives the «aa of a piece of 
work, which is then drilled. 

Countersluift — An intermediate shaft 
with belt pulleys by which speed 
chang es are obtained, and machines 
started and stopped. 


Cut-off Rest— A transverse rest used 
in capstan lathes to part off work. 

Cutters — May be turning tools held 
in a bar, boring tools, facing tools, 
or milling cutters. 

Cutting - off Machine — A type 
evolved from the lathe. It has a 
hollow Bpiadleaiid a Cross-slide, part- 
ing off'shafts and bars with perfect 
accuracy. 

Crankshaft Lathe — This is a miMive 
fenrm, with a number of slide-rests. 

Cylinder-boring Machine- Either of 
horizontal or vertical design, the 
latter being preferred for very large 
bores. 


DBAD OKNTRKB^lhose which do 
not revolve, as opposed to live centres. 

Diamond Tools — diamonds are em- 
ployed to true up grinding wheels of 
emery, corundum, carborundum, etc. 

Die— A screw-cutting appliance used 
in machines. 

Die-head — One which holds several 
chasers radially, these being remov- 
able for sharpening, and may some- 
times release or move outwards to 
clear the thread after cutting it 

Disc Grinders — Machines employing 
discs of steel upon which sheets of 
abrasive cloth are cemented. Very 
accurate results may be obtained iu 
this manner. 

Dividing Head— A fitting which has 
provision for locking a spindle in a 
number of positions, representing 
divisions of the circle ; used for 
tooling polygonal objects and for 
cutting gears on the milling machine. 
Also termed ifhdex eentreg. 

Division Plate— A disc fitted to a 
lathe-head, or a dividing head. It has 
several circles of holes to effect 
divisions around a circle. 

Dog Chuck— A chuck with jaws 
moving in slots. 

Double— This prefix is placed before 
many types of machines having 
double heads or spindles, etc., or 
possessing double-acting mechanism 
to increase output. 

Drifting — Finishing out holes of square 
or other sliape with a drift, having 
serrations, or teeth, forced tlirough 
the holes by power. 

Drill— A tool which originates holes ; 
flat, fluted, and twist-drills are the 
principal. 

Drill Chuck — A small chuck with long 
jaw« operated concentrically. 

Drilling Machines — May be of vertical 
or horizontal designs, with one or more 
spindles, provision for angling, hand 
or power feeds. 

Duplex— This is a term applied to 
' machines when portions are dupli- 
cated, as duplex rests. 

BDOB MILL— A milling cutter that 
acts by teeth on its sides. Called also 
a tide mill. 

ElllptUrChuck— A special lathe' chuck 
possessing a sliding portion, by Which 
elliptical obJect84u:e turned or bored. 
Erroneouslycalled oval chuck. 

End Mill— A millinlE cutter oMrattng 
by its end teeth, as distinct an 
edge miU. 

Ending Machine— The same as a 
rofury planer; employed for trim- 
ming the ends of large girders and 
oolumiMi,'etc. • 

Engine Lathe— One of complete type, 
for sliding, surfacing, and screw- 
cutting. 

PAOB LATHS— One that has no 
poppet, work being held on the plate 
or aiuck only. ^ ^ . 

Face Mill— An end miU, but of large 
Jiameter. 
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Fam Flatr^Tlie^o screwed on t}tc 
lAtlie teiiRne nose, and slotted M 
iMfVe'iKRding'Aown bolts. 

Flftotng Arm—lhls is an attachment 
to a boring bar, by whifdi the end 
portions of botra work are faced 
across. 

FM Noehanlsins^Bevlces employed 
to feed slides or spindles at definite 
rates. Belt-cones or gears or friction 
wlieois arc used to effect the neces* 
tary cliaiiges. 

FIxturo— An appliance for setting and 
holding a piece of aork on a machine 
in a'dofinito position, which may be 
repeated exactly fbr other similar 
ifiooea. Jiff is ntioUier name. Some, 
aa for drilling, have guide bushes to 
control the position of the drills. 

Ftexiblo Shaft— Used In connection 
witli portable machine tools, driving 
them in anj position by the flexibility 
of the shaft, which is produced by 
coiled wires or a number of joints. 

Floor Plate— A large tee-slotted plate 
on which massive work is laid and 
tooled by portable machines shifted 
about, and bolted anywhere on the 
plate. 

'Forgo Lathe — A massive lathe em- 
ployed for filming forged work, as 
shsits, r*c. 

Forming — ^Turning irregularly-shamd 
pieces with fools of the same prtmle. 

Frame-plate Slotting Machine— This 
is a special type for locomotive work, 
having several slotting heads above 
a long table on which a pile of frame- 
pMctea ore laid. 

FmcClon - elutch — Employed exten- 
sively In machine-tool work, both 
for coontershafts and in machine 
conatmetion, for throwing move- 
ments in and out quickly. 

MMQ — ^Applied to a set of tools, 
such as gang mills, which are built 
up of several separate cutters. 

Gap Lathe— A lathe with a break In 
the bed to receive large objects. 

Gear-cutting Machines— These em- 
ploy either rotary cutters or recipro- 
cating planer tools. Teeth are 
pitched out with dividing w heels, or 
worm wheels. Machines are semi or 
entirely automatic. Teeth derive 
their anape from the cutters, or from 
formers or templets, or are gener- 
ated by the mechanism embodied in 
the machine. 

Grinding Machines— Those employing 
rotatingwrhcels, and used for finishing 
plane surfaces, curves, holes, and cylin- 
drical portions. Either the work or 
the wheel may mo\e, or both. 

Grinding Wheels — Wheels of emery* 
conmdum, carborundum, oralondam, 
used In grinding machines. 

Gun Lathe— A vecy* heavy type for 
turning and boring guns. Steady 
rests are employed to support the 
great weight. 

NMIMAW MAOHINM— A recipro- 
cating type, carrying an ordinary 
blade ; it nas a vice to hold work. 

Hand— Applied to liand - operated 
mechaoiiNiis, as band-drill, band-l^, 
haad-latliefone with plain sUde-rsst). 

Headitoek— The driving head of a 
lathe or grinder. Also called the Utfe 
kfA, Asm poppet head, or foot hood- 

MiShlpigd— Relates to the abnormal 
apee^ possible bv ttie use of high- 
speed steels. Lathes and other 
machines are much modified in 
dn i wk m and feeding details and 
sjwingth of parts. 

Miort screw which guides the 
nut In a chaMng lathe. Also /a cutter 
for prodiunag wonn-wheMs. A 
master tap over which screwing dies 




r— Catting worm sad spar 
jg^ teefth ^ s rotsttog hoh, the 
^^Ipmr bleak ffotstiac contlnuoiiily. 
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Hollow Drill— Made so In order to 
pump oil thrcMigh to the cutting 
point and wash out the ditps. 

Hollow Mill— A hollow cutl^ which 
passes over s bar and reduces its 
diameter ; usually held in a turret. 

Hollow -spindlolLathe — One with a 
hole bor^ right through the spindle, 
to pass bars, wldch are tnmed and 
out off. Spring chucks are placed 
on the nose. 

Horizontal — A prefix used in con- 
nection with drilling, boring, and 
milling machines wmoh have their 
spindles lying horizontally. 

INDKPBtllMUiTOHUOK— A chuck, 
the ^WB of which can be moved inde- 
pendently of each other. . 

Indicator — An instrument which 
magnifies error in machine move- 
ments and enables delicate tests to 
be made. 

KCVSKATBIL or KKVWAY OUT- 
TINO MAOHINK— An adaptation 
of the slotting machine, for cutting 
keyw’ays in wheel-bores. It has a 
reciprocating tool. 

LAPFINQ MAOHINK— A kind of 
lathe which revolves a lap, charged 
with abrasive powder ; used for 
truing out holes. 

Lathe— A machine which rotates work 
upon a plate or chuck, or betw'een 
two centres, and cuts with turning 
tools. 

Lead Screw or Leading or Guide 
Screw — The master screw of a lathe, 
by which threads of various pitches 
are produced. 

Line Shafting— The main shafting 
driven by the prime mover, and from 
which countershafts are belted. 

MAOHINK VlOK— A vice With mov- 
able Jaw, to hold pieces of w’ork for 
tooling. 

Magazine Feed — A mechanism wliich 
feeds separate pieces of work into a 
machine. Instead of employing an 
attendant. 

Mandrel — The spindle of a lathe-head. 
Also a separate sniiidle on whicli 
work is held for tooling. A mandrel 
press is used for forcing work on and 
off. 

Milling Machine— One which employs 
rotary many- toothed cutters. 

Multiple-spindle Drilling Machine- 
One with several spindles to drill a 
number of holes shnultaneously. 

NKKT QKAR — A set of toothed gears 
mounted in such a manner that 
changes of speed can be obtained 
by different combinations. 

Nut Lathe — Used for facing and 
chamfering nuts, held on a mandrel. 

Nut-tapping Machine— A machine 
using long taps, which pass through 
the nuts until a string of them is 
done. 

OIL — Used for lubricating machine 
parts and cutting tools. 

Open and CiHWsed Belts — A means 
of reversing the motion of a pulley. 

Open-side Planer— A planer in which 
one Standard Is omitted, leaving 
sgace^ large work to project over 

Open-spindle Lathe — A AoUou- 
epindU type, with a large slot into 
which the operator's hand reaches. 

PIT PLANRII— A largestyle of planer, 
in whidi th3 housinas and rail travel 
ow work swpofted in a pit. 

FlnniiiK MadpiM— A reciprocaUng 
type d amridne, in whleb the work 
Oiitafiy irsveli on a massive table 
the to#| sometime the tools 


Poppet— The loose headstock of a 
lathe or grinder; eahed alto the 
taititoek, tootetoek, or eliding head. 

Proflll^ Haddne^A ndutna ma- 
ciiine, the entter slide of which is 
controlled by a form resembling t|ie 
work outline. 

Pump^Used ^ supplying oil or suds 
under pressure to cutting tools. 


QUAKTKflINQ MAOHINK — Em- 
ployed for drilling the crank-piii 
holes at right angles in locomotive 
wiieels after they are pressed on 
their axles. 

Quick Return— The rapid backward 
motion of slides during the non- 
cutting stroke. 


RADIAL DRILL— A 'drilling machine 
having a pivoted arm, enabling the 
drill to be moved about over the 
work. 

Reamer — A fluted tool used to finish 
drilled holes. 

Rotary Planer— A form of milling 
machine using a large face cutter 
with inserted teetli. 


KADDLR — A sliding portion which 
carries other slides or rests. 

Screwing Machine- Either a bolt- 
Bcrewing machine or a pipe-threader. 

Screw Machine— A type distinct from 
the above. It possesses turret and 
rest, and turns and cuts off the work. 

Screw-milling Machine— A recent 
development by which screws are 
milled instead of being turned 

Sensitive Drill— A small type, the 
spindle of which is fed by hand lever. 

Shaping Machine— A machine in which 
the tool is carried in a reciprocating 
ram passing over the work-table. 

Side Planer — Resembles a shaper, but 
the head travels along the bed, taking 
a long cut on tlie end of work too 
big to go in the ordinary planer. 

Slot-drilling Machine— Used for cut- 
ting keyways and cottar-holes by a 
revolving cutter, endlong motion 
producing a slot. 

Slotting Machine— A vertical ram 
machine with horizontal table. 


TAPPINQ MAOHINK— This operates 
taps for nuts, etc. A sensitive de- 
vice obviates breakages. 

Tool Grinders— Include those for lathe 
and planer tools, cutter grinders, 
and drill grinders. 

T-slot or Tee-slot— This special shape 
is employed to enable bolts to be 
slid into any position for clamping 
work on tables. 

Tyre Lathe— Used for boring and 
turning railwaj wheel tyres. 


UNIVKRKAL — Used in connection 
with certain machines which embody 
very complete movements, as urn- 
versal mnlen, universal grlndeis, 
distinguishing them from simple or 
“ plain ” machines. 

Universal Joint— A pivoted jotnt 
employed to transmit motion to 
portions which are not stationary. 


VALVK OHUOK— A lathe chuck hav- 
ing jaws by which a teveral-feced 
object may be turned sficoessivety 
into several positions for tooUiig. 

Vertical— Applies to the posit^ of 
•Judies or rapis, as in vertical 
drills and boring machines, vertical 
lathes or boriofl mills. 


WALL-r-Used to denote waU-drimitt 
machines, waU planers, etc., which 
are not seU-sustainlng. 

Wheel Uthe-A special ktod used la 
locomotive shops lor boring end 
turning wheeli. 
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By ANTOINETTE MEELBOOM 


'T'HE straw used for working up in hat, toque, 
or bonnet shapes is at the present time 
easily obtainable, and can be bought by the yard 
or the piece of 12 metres (equal to 13 j^ards). 
English straws are made in pieces of 12 yards, 
Italian and some of the expensive makes in 
pieces of 8 metres. Diagrams 84, 85, 86 show 
some different kinds of straw. Although made 
straw hats or bonnets can now be bought at 
very little cost, they arc more likely to fit, be 
much lighter and more original in design, when 
they are worked up by hand. 

There are several different methods. The one 
in general use at present by all first-class milliners 
is to work the straw over a wire shape [see page 
4860]. This method is specially suitable for 
fancy or crinoline straws 1 86, 86], and is the only 
possible one for making up fancy and more 
difficult shapes. 

Make the wire shape according to the style 
desired ; if for a very fancy crinoline, lace, or a 
very open straw, cover it with net, chiffon or 
tulle, and stitch the plait to it. No covering 
is needed for a non-transparent straw [84]. 
For sewing use glazed cotton to match the straw, 
and a straw needle. 

Pin the straw round the outside .edge [89], 
stretching it slightly (if a wide one) along the 
upper side, making the join whore the trimming 
is likely to hide it. Wires titch it to the edge wire 
just below the edge of straw. If the straw is 
over 1 in. wide, cut it through and interlace the 
ends, keeping thgm in place by a few stitches. 
Some straws can be so joined as to be hardly 
visible. 

When using naiTow straw do not cut each 
round, but continue one into the next. 

Notice whether the shape lias a curved-up brim 
like the Napoleon shape or a drooping one like 
the mushroom. For the first, the plait is sewn 
on rather tightly, with the right side of straw 
imdemeath. The stitches are seen on the wrong 
side inside the brim. 

For drooping brims, the right side of the straw 
is on the outside of the brim. The stitches will 
show underneath the brim. 

Pin on the second row, and sow it to the first, 
using the straw stitch, keeping the long stitch 
on the wrong side, and slanting the little stitch 
back the way of the plaiting of the straw, which 
win prevent it being visible on the right side. 

Continue pinning and stretching each row 
along the outer edge, and shghtly contracting 
the inner edge of the previous row till the brim is 
covered. Hat brims wider in front and sides 
[83] will require gussets — that is, extra rows 
of straw inserted across the wider parts. Some 
brims may have three rows of straw at back and 
five or six along sides and fronts. 
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For the crown, start from centre of tip, 
keeping the straw exactly to shape [ 88]. Bind 
the end of the straw with cotton, turn it imder, and 
sew the straw round and round from the inner 
edge, manipulating it with the left hand, and 
e^ing it sufficiently to allow it to lie flat. In 
wide straws this is a little troublesome at first, 
but it is a difficulty which is soon mastered. 
Each straw is stitched underneath the last one, 
the fancy edge always showing outside. Be 
careful not to get a fluted tip, which happens 
when the straw is “ eased ” too much. If 
stretched too tightly, the crown will bulge. 

If the straw can be pressed, do not sew it to 
the wire, but make it separately ; press it, and then 
sew it to the crown. Finish off brim with 
another edge of straw along the outside edge, 
and in the case of some toque shapes line the 
inside brim for two or three rows, or all over. 
In this case, do not take the stitches through the 
outside, but sUpstitch the straw to the wrong 
side of brim. The tip must be pressed before the 
sideband is begun unless it is a dome crown, when 
it is finished entirely, and afterwards pressed. 
When the tip is the right size, bend the plait 
in half ; this forms the turnover for sideband ; 
the half -width turned over will be the first row 
of it [87]. 

Sidebands. For straight sidebands, each 
row is simply stitched to the next in a straight 
line. If larger at the top than at the base, tighten 
each row of the straw towards the headline. 

For sidebands larger at the base than at top 
ease on each row of straw towards the headline. 

It is usual to make the crown and brim 
separately in this method of straw-working. 
By working the straw over a wire shape as the 
foundation it can be sewn m all kinds of fancy 
wavs, and two or more different colours of straw 
used. 

The curved-up brims of toques can be trimmed 
with leaves of straw |90], rounds of straw, lace 
insertion, or lace medallions edged with straw, 
and various other variations which would not 
be possible if a wire foundation were not used. 

It is possible to work straw without a wire 
foun^tion, but this is only suitable for very 
firm makes [84]. Insert a wire the size of head- 
line plus 2 in. (for very brittle straw sew it on), 
on the top inner edge of straw. Bend it so 
that the outer edge of plait lies flat on the 
table, and join as securely and neatly as possible, 
the wire ed^ making headline, and the flat edge 
the row of brim. 

Most hat brims are wider in the front than the 
back, the extra width being obtained by gussets, 
which should be next sewn on. Mark the centre- 
front of the headline, keeping thegoin for centre- 
back ; pin on a piece also with wire inserted 
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in the inner edge, graduating it to the udes. 
Repeat till the extra width is obtained. Then 
insert the wire, kefjping it in one length, runnii^ 
it invisibly between the straw ed^^. Begin 
from tbe back, pinning and stitchi]^ it on to 
the gussots till the right size of brim is obtained. 

Ease on the straw for fluted and crinkled brims ; 
contract it for tumed-up and for drooping brims. 
For flat brims, ease on the straw just sufficiently 
to allow each row to he flat. Make the crown 
in the same way as before ; the wire is not 
interlaced in the edge of straw unless it be for 
a very large flat crown, end in a few other 
exceptional cases. 

Straws used to be made up over another hat 
brim of straw or buckram. If this method is 
required, pin the straw on to the shape, beginning 
fix>m the outside edge. The straws may then be 
sewn together. 

Firm, hard straws can be made entirely by 
hand, starting from the headline, one or two 
gussets insert^, and hat or toque finished off 
as explained. It must be wired round the 
edge. Four support wires laced in and out the 
straw ard then inserted, leaving one end about 
an inch in hat and the other securely nipped 
round the outside edge. Finish with a row 
of straw to cover the edge wire, or line with a 
gauged chiffon, lace, or velvet lining, finishing the 
edge with the straw if desired. 

Pressing. Only plain straw can be sub- 
jected to the process of pressing, as raised fancy 
edges would be quite flattened and spoiled. 
At the present time very few straws can be 
pressed. It is done in this way. Place the 
brim flat on the table, right side downwards, 
on an ironing blanket and cloth Place a damp 
cloth over it, and press wdth a warm iron. 
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When nearly diy, remove the doth, and finish 
drying it by phsoiiig the iroti lightly over it. 
Some plaits are more stiflened ^an others, so 
discretion must be used as to the o^pree of damp- 
ness needed. Moisture will make the brim 
cpiite stiff and flat. Venr limp strands are some- 
times brushed over with gum arabic or white of 

egg- 

Curved fancy shaped crowns are best ironed 
as the work is proceeding, as it is difficult 
to get the iron in the small curve when the 
shape is completed. Oval and dipped crowns 
of the boat-shape type are started with a piece 
of straw about 2 in. long, and the straw worked 
round it. Press it as soon as the dip is formed — 
it is impossible to get the iron in after the crown 
is finished. [92.] 

Bonnets are made on exactly the same principle 
[94]. The front is worked ffist, leaving a piece 
of straw at one ear long enough to finish the 
back off neatly when the other part of the bonnet 
is finished. Cut off each straw at the back. 
The end of the straw left at the ear wiU finish it 
neatly. Make the crown separately, and sew 
it on. 

Net Shapes. Hat shapes made in un- 
glazed, French stiff net [91] are used for the 
foundation of chiffon, silk, linen, broderie 
anglaise, and mourning millinery. The glazed 
kind of net is not wor& making up, as it loses 
its stiffness directly, leaving the net limp. 

Cut the pattern in the same way as for an 
espatra shape, with the only difference that 
J-in. turnings are allowed on m the parts. Wire 
in the same manner, sewing the wire inside 
the turning along the edge of brim, and at the 
top of sideband. The turnings should be at the 
bottom of sideband. The J^-in. turnings of 
tip come over the top edge of sideband, where 
they should be secured firmly just under the 
wire. Large shapes iy net hats will require 
a second round wire, and some supports to keep 
the brim in shape. The suppoHs are mulled or 
covered with narrow sarcenet ribbon. As few of 
these as possible should be used, as the wire is 
likely to show through the transparent trimmmgs. 
Mull all the edges in the same way as for espatra 
shapes. 

Another method much used by good milliners 
is to make the wire shape and cover it with net 
cut to shape. Bonnet and toque brims are 
sometimes made of net, shaped and curved by 
pleating and easing the net, and afterwards 
wired. 

For a lace hat make the wire sha^ and 
cover it with a ringle or double tmekness 
of tulle or chiffon. Stretch the lace across 
the brim, with the front on the cross. Pin round 
hea line and edge. Cut the lace roUnd the 
brim and crown, and allow small tummgs. 
Wirestitoh it to the headline and edge wire. 
Cover the tip in the same way. 

Fit the lace round the sideband quite smoothly. 
Match the pattern, if possible, where the laoehas 
to be joined. Quantity lace required will 
be the diameter ^ the widest part of the brim, 
plus i yd. for large crowns. 

}f iKith the upper and under brim are covered 



with lace, twice the diameter plus J yd. to | yd. 
for crown — according to size — will determine the 
quantity needed. Guipure, and Irish lace look 
well with the edge of brim bound with velvet 
or fur ; or the up^r brim and crown can be 
trimmed with medallions of lace edged with 
narrow Valenciennes or ruchings of pleated tulle. 

Picture hats are usually large hats of the 
Gainsborough, Rembrandt, or Amazon type, with 
tam-o’-shanter, low, high, or jam-pot shaped 
crowns. They are made of lace, net, tulle, chiffon 
[ 98 ], crinohne, or velvet. All but those to be 
covered with velvet, which have an espatra 
foundation, have their foundation shape made 
of wire, covered with net, chiffon, or tulle. 
Occasionally the whole shape is covered with 
tulle quillings. Handsome feathers are their 
chief trimming, and they are worn with or 
without tulle strings. 

Picture Hats. For chiffon hats make a 
wire shape, and cover it with one or two thick- 
nesses of chiffon. IVfcill the edge and bind with 
velvet or double chiffon. Cut the chiffon into 
2J-in. strips on the cross, and join ; or use the 
chiffon double, and run the edges together. Sew 
the first chiffon fold even with the brim, and 
let the next rows overlap nearly half-way. 

For the sideband, work from headhne up- 
wards. Cover the top of crown, starting from 
the outside edge, and working round and round 
to the centre. 

Lace medallions, or motifs, make a pretty 
finish, and an ecru shade of lace on a black bat 
relieves what may otherwise be unbecoming. 

Rows of transparent lace, fancy chenille or 
crinoline inserted between the folds look well. 

For fancy chiffon hats, make a wire shape, and 
cover it with double chiffon. Cover it plainly 
with printed or embroidered chiffon of a small 
simple pattern, such as bunches of pink roses 
on a white ground. Line the under brim plainly 
or with gauged chiffon. Fdge it with narrow 
Valenciennes, and sew another row half an inch 
from edge underneath. Cut out the upper brim 
again, allowing 1 in. turning. Make a nariow 
hem round the edge, on which should be sewn 
narrow black, white, or 6cru Valenciennes lace. 

Make a large round to cover the crown, 
hem round and edge with narrow Valenciennes 
lace. Sew m a bandeau. Trim the hat with soft 
satin ribbon, making a bow at the side, and 
another on the bandeau. For this hat, f yd. 
of double-width printed chiffon, 12 yd. nan'ow 
Valenciennes loco, ^ yd. of 7-in. wide satin 
ribbon are required. 

Motor Halo. For motoring, shapes can be 
mode with a round brim, or a peak in front, of 
the mushroom shape, with eight -gored crown. 
Where stiffiiess is required for the interlining of 
brim, peak, or band for headline, use firm canvas 
or double stiff net. Wire as for shape-making. 
Interline the crown with canvas or quilted linen. 

Linen hats are made of double stiff net, 
cut to shape, and wired round the edge and 
once in centre brim. Cover top and bottom 
of brim with linen, tack and machine-stitch 
round edge once or thrice. Finish crown in the 
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same way and trim plainly with a ruching made 
of ribbon or crossway silk, or any other simple 
trimming that may be preferred. 

Fancy Shapes. Garden party, river hats, 
etc., are made of light material and fancifully 
trimmed. They have a wire foundation covered 
with two thicknesses of tulle or Brussels net. 
The edge of the brim is covered with velvet 
or quillings of lace. The shape may be covered 
wdth narrow Valenciennes lace (eased while being 
sewn on), petals of flow^ers, medallions of lace, 
broderic anglaise edged with narrow Valenciennes 
lace, or net, or tulle quillings. The brim l^etween 
the medallions may be covered with lace or fine 
crinoline straw. Ninon silk muslin, accordion- 
pleated silk may Ix) used, or batiste, edged with 
lace, baby ribbon, or narrow straw ; and there 
are .still an infinite variety of other methods of 
treatment. These hats must be lightly trimmed. 

J>rawTi silk bonnets may be made of taffetas 
velours silk, net, chiffon, or chiffon velours. 
First obtain a pattern shape to work over. 
Put the support wires on the shape, turning 
them over the edge to keep them in position. 
Fix firmly where they cross each other. To 
cut the material for bomiot, measure length 
from ear to ear, and allow twice or three times 
as much for fulness. Then measure width from 
centre-tront ot brim to centre of crown, allowing 
\ in. extra for each casing. Mark centre-front, 
and run a casing for outside edge. Decide the 
position of round wires, and run casings to cor- 
respond, measuring distance at centre-front and 
at ears, also at an intermediate distance if 
necessary. Push in the wires, making the out- 
side wire long enough to go round the back and 
^v^ap over tw^o inches. Pm net or silk on shape, 
<*entrc-front to centre-front, the silk to reach 
the ears only. Fix outside wire round back. 
Draw up each casing m turn to required size, 
and fix wires to outside wire. Regulate the 
fulness carefully and secure threads. Nip each 
support wire in turn over the outside wire ; when 
the last one is thus fixed, the pattern shape will 
come freely away. Fix the round wires to 
support wires, and tie them firmly and in- 
visibly wherever they cross. Cut away any 
superfluous silk in centre of crown, turn it in, 
and finish the crown off neatly. Bind the back 
of the bonnet witli a piece of silk, velvet, or 
net, and trim it with velvet, flowers, passemen- 
terie, tips, or any light trimming. 
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SHIP CHANDLERS 

In many seaport towns, usually in premises 
alnitting the quajrs, or hidden away in small 
streets running off the water’s edge, there may be 
found shops in which the grocer, the baker, and 
candlestick maker seem to unite in one personality. 
Ship chandlery is the compreliensive term applied 
to the stock of the proprietor whose business 
is to supply the wants of seafarers. If the port is 
frequent^ only by sailors who never get beyond 
the beams of the “ Coastwise Lights of England,” 
the nature of the stock will most jirobably consist 
of comestibles, but if the harbour is one where 
fx^anvoj^ vessels put in there will be one, at least, 
important shop where a great variety of stores can 
be obtained. 

The business is one in which some experience 
at first hand is desirable if success is to be won, 
but there seem** no reason why an enterprising 
ironmonger, or a grocer with ambitions not bounded 
by butter-kegs and sugar-boxes, should not engage 
in it. We recommend those who contemplate such 
an enterprise to read the articles beginning on pages 
3041 and 3572. 

The Shop and Fixtures. A big rent is 
not essential for this business. Ship chandlery 
implies trading between man and man, and con- 
venienoe rather than style is to be sought. A shop 
with a good -depth, a fair-sized window and a big 
doorway would meet the case. The depth is 
necessary to allow for a big display inside, where 
a survey on the part of the purchaser is likely to 
remind him of this or that article not on the list in 
his hand. A comparatively small window should 
suffice because the stock — except in the lamp depart- 
mentr— does not lend itself to effective display. We 
think the big doorway will need little comment. It 
is inviting, and if the side is used to dkiplay tackle, 
lamps, blocks, ropes, etc., it is fairly certain to 
tempt the passing skipp^, or his steward, purser or 
cook, to stop and examine the wares. 

The fixtures on the provision side will be like 
those of a CTOcer’s shop; in the hardware depart- 
ment, about^lf the available shelves may be divided 
like those in an ironmonger’s store, the rest being 
somewhat deei^er from bock to front, and higher be* 
tween the shelves. The reason for these differences 
is to be found in the fact that a fair proportion of the 
stock is not kept in parcels. Such articles as cleats, 
chocks, blocks, thimbles, and the like, are galvanised 
and kept strung on cords, the bundles being placed 
m the nxtures in full view of the customers, 

From the ceiling, and possibly from one wall, 
half-inch iron tubes shoula be fixed in hangers or 
brackets, these being provided with S hooks for 
receiving wares which lend themselves to hanging 
up for display or storage. A substantial counter 
with plenty of good deep drawers in it is necessary, 
but the ship ctmndler need not worry about show- 
cases, brass rails, window fittings in bronze, and other 
expensive accessories. 


The StocK. The proprietor of a business such 
as we are describing will have to possess, or acquire, 
a sound knowledge of market grooves somewhat out 
of the ordinary. Any sum l^tween three or four 
hundred and as many thousand pounds might be 
invested easily, and, opportimity being propor- 
tionate, profitably. Some of the stock — tnat which 
represents the requirements of every single trip a 
ship makes — will be turned over six or eight times 
in a year, whereas the capital locked up in other 
departments may not be moved more than once or 
twice. The profits on the former class will have 
to be cut nearly as fine as those on grocery and 
provisions for home consumption. On the latter 
they should show margins equal to those mentioned 
in the article on ironmongery [page 3572J, and pos- 
sibly even a little more if local competition be not 
too keen. 

Departments. Although the stock will 
be kept imder one roof, and more or less mixed, it is 
useful for our jmrpose to classify it. First there will 
be the food stores, including packed food, 8hij)s' 
biscuits, llour, yeast, spirits, soap, candles, oil, 
brushes, and the hun^d and one items wihch are 
necessary for feeding the passengers and crew 
and for maintaining the comfort of the boat at the 
standard permittea or prescribed by the owners. 
This is the department which must be visited every 
time a ship puts into port. It will be the mainstay 
of the small concern, and therefore must be kept to 
the front. Next to it in importance will be the 
stock of small marine hardware. Here we should 
expect to find shipping tackle in wrought and 
malleable cast iron (galvanised), brass, bronze, and 
wood. Here are just a few of the many lines 
which might be carried : Blocks (a single list 
before us enumerates thirty distinct types, and shows 
hundreds of patterns which do not include the 
common elm pattern with ligniira-vitee sheaves), 
gaff, boom, and other bands, chains, cleats, bushings, 
deck lights, hinges, and fastenings, hooks (nearly 
40 sorts), nails, mast fittings, rowlocks, sheaves, 
shackles, thimbles, swivels, and tumbuokles, oc 
straining screws. 

The foregoing, with wire, rope, and hemp cordage, 
constitute quite common stock, and as the business 
expands room will have to be found for anohmrs, 
ships’ bells, cooking and heating apparatus (the 
latter sometimes including steam radiatos), pumps, 
stoerii^ gear, capstans, windlasses, etc, 

Ximxnpm* Lamps cannot be neglected. The stock 
to be seen in a well-eqnipp^ Dusiness includes 
side, anchor, and niastheaa signal lamps, some of 
them listing up to £5 and £6 per pair. These 
are made with copper bodies and fitted with 
what are known as diopiric lenses. Among smaller 
lamps mention may be made of those found in the 
engme-room, gimball lamps for the cabins, and 
cargo lamps for the holds. From the sources 
where these are procured, the ship chandler can 
dravv such goods as fog-horas, speaking-trumpets, 
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megaphoriPB, oil -feeders, water- dippers, forecastle and 
bunker lamps, fillers, measures and funnels for oil 
and other liquids. A demand for a certain class of 
lamp-glass ware for replacement may be expected, 
and tools for shipwrights and sailmakers should not 
be overlooked in making up the schedule of stock 
required for a start. To the tools usually required 
by a carpenter must be added such s{>ecial forms as 
caulking and crease irons, scrapers, marline- spikes, 
sheathing hammers, caulking mallets, sail hooks 
and prickers, and sailors’ palms and needles. 

Naval Brass Foundry. Under this head 
a few lines may be devoted to the consideration of 
fittings in brass or bronze which are specially likely 
to be in demand in yachting centres where some 
pretensions to style are maintained aboard. This 
class of stock will include strap, hook, and plain 
hinges, hasps, port lights, ventilators, deck lights, 
ships’ bells from fi in. diameter up to possibly 20 in., 
name-plates, cleats, curved and fair leads, rowlocks, 
straining screws, boathooks, step nosings and 
plates, hand and cabin mils, and brackets, not to 
mention scores of other items of general brass 
foundry. So important is this department that it 
pays to cultivate a trade in repair work to pattern, 
and special parts -for replacing in case of breakdowns. 
To run such a section profitably it is necessary to be 
in touch with a brassfounder who can guarantee 
prompt and special attention to shipping orders 
without regard to their intrinsic value. It is often 
a matter of great importance that a replacement 
should lie obtainable within a strictly limited 
time, and there is small consolation for the shop- 
keeper who receives an expensive fitting an hour 
after a boat has sailed. Much the same remark 
applies to the galvanised ironwork. A contract 
with a firm who do galvanising for the jobbing trade 
may end in so much business that way as to war- 
rant, in due course, your chandler in putt ing down 
his own “ pot.” In that case there would be other 
opportunities for making ])rofits. 

In towns where steam- boats and packets put in, 
such stores as boiler mountings, lubricators, tubt* 
brushes and scrapers, shovels, files, engineers’ 
tools, lubricating oils, cotton- waste, and engine 
wipers find ready sales, and, on the East Coast 
at any rate, fishing tackle would have to be handled. 

As a business grows in importance, the proprietor 
may expect to be consulted about charts and 
instruments for navigation, but before that comes 
to pass there ought to have grown uji a call for 
lifebuoys, compasses, and bunting. 

WorKing Department. Sooner or later a 
successful ship chandler has to face the question of 
a workshop staff. Unless he is prepared to neglect 
possible sources of profit he must have a smithy, 
with a clever, resourceful man at the forge as 
well as a competent coppersmith. Besides, J;here 
will be opportunities of fixing cooking apjiaratus, 
filtering systems, sanitary equipments, not to men- 
tion jobbing work for machine men and fitters in 
connection with engine repairs and pump jiarts. 
Sufficient work to keep a forge, a lathe, and.a drilling 
machine busy may to confidently looked for if 
the plan is adopted of boarding every boat that 
puts into port, with a view to soliciting orders for 
stores and work. 

Terms of Bueiness. Something about pro- 
fits has been already written.. As a fair }ici*centage 
of the turnover is likely to be for cash against 
sailing, list prices are not uniformly obtaineoL In 
pleasure resorts, however, full j)rico8 for cash are 
sometimes obtained from wealthy owners of yachts, 
the one thing demanded being a prompt service. 


As, however, these list price sales not mfrequentiy 
cover a telegram and carriage from works, the 
gilt is apt to be rubbed off the gingerbread. 

Ship chandlery, however, is not all done on a 
cash basis. Seafaring folk are no better off than 
many landsmen, and credit has to be given just 
as is the custom in an inland town, and with about 
equal risk of making bad debts. Fleet-owning 
companies usually have their own chandlery stores, 
and buy direct from the sources open to the chandler ; 
but when a retailer does get It foothold with such a 
company, he has to give the usual terms, monthly 
or quarterly accounts, subject to prearranged dis- 
eounts. Owners, of smaller vessels, who run their 
owTi coast-bound craft, may expect to pay on the 
return trip basis. Whether that plan is safe and 
profitable is a matter which has to be decided in 
every case on the standing of the owner or his 
representafive. 

SILK MERCERS 

There was a time when the silk mercer was one 
of the richest and busiest of shopkeepers. In 
London the neighbourhood of Ludgate Hill was his 
habitat, and the country squire or well-to-do farmer 
visiting the metropolis invariably called on him, 
and took back as a present to his lady twenty yards 
or so of silk for a dress. The business was an im- 
portant and nourishing one even up to fifteen or 
twenty years ago, for then eveiy lady had at least 
one rich black silk dress — “ one that could stand by 
itself ” — as an indisj^nsablc article of her ward- 
robe. But times have changed, and the modern 
silk mercer, doing a retail business in silks and 
velvets solely, is now seldom to be met with. The 
large drajiery stores, with their silk ■ deyiartments, 
and the rage for the less expensive silks, are mainly 
resjwnsible for this. In the old days lOs. to 12s., 
and even 15s. to 18s., per yard was by no means an 
unusual price to yiay for silk, while nowadays Is. to 
lOs. fid. for good qualities is considered quite 
enough. But there is no reason why, even in 
these unregencratc days, and in spite of the rage 
for cheapness, a man with the requisite experience, 
taste, and, above, all capital, should not make retail 
silk mercery an extremely profitable outlet for his 
energies and capital. 

Experience and Other Requiaitea. 

In the warehouse of a wholesale dealer in silks 
the necessary experience may be gained. Silks and 
velvets go together, so that the youth whose father 
or friends can ensure a capital running into at least 
four figures would get to know the business in such 
an establishment. If jiossible, he should endeavour 
to go for a year or so to some of the large manu- 
factories in Lyons, Zurich, or Como, so that he 
may be taught the making of silks from the begin- 
ning, the varieties, and the prime costs. There 
are several manufacturers in England who, of late 
years, have been producing silks more suitable than 
formerly for the home market. The youth could 
get good exjierience in such factories without going 
abroad. Such exjiericnco is, however, only for the 
yirivileged few, and would l>e out of the reach of 
most aspiring silk mercers. But they need not bo 
discouraged. The majority of the successful silk 
mercers of to-day wore drapers first and silk mercers 
afterwards,. A very thorough training may Ik' 
obtained in the silk department of a large drayicryi 
business, and provided the youth has the necessary 
taste and liking for this, the highest grade of the 
drapery business, there is no reason why he shonld 
not succeed. In fact, the usual evolution of the 
silk mei-cer is by rising from the ranks in drapery 
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qaeation of capital w theiefcae idl-importaBt, for 
not onfy neat the estaldiBliinent itaelf he fitted up 
in first <^888 style, but the goods sokl are expenu^. 
It be peeBiUe for a man who Icnows the* silk 

and Telvet trade mtiniately, and qtio in buying for 
a large drapery boose for years has gained tbe con- 
fidenne of the manufacturers, to begin cm a capita] of 
from £1,000 to £2,000. But it must be distinctly 
understood that unless he is sure of tbe backing of 
manufacturers in the way of extended credits, sa^ a 
sum is not a safe one. When a young, energetic man 
has been the buyer for the silk department of some 
well-known drapery house for some years, and has 
demonstrated his capability and business aptitude 
by making the department — an extremely “ tricky ” 
one, alwagps — a suooess, he may gain the co^- 
dence silk merchants and manufacturers with 
whom be has come ui contact so that the sum men- 
tioned may serve ; for then there is a possibility of 
obtainmg a certan class of goods on s^ or return, 
and easy payments may be arranged. But it 
is desirame that at least £4,000 should be forth- 
coming before a start is made, and then tbe manu- 
facturer wiU be tbe beginner's good friend. 

The West End Establisliment. With 
the capita! named, the shop selected woidd be a 
small one in the b^ neighbourhood. Let us take 
the West End of London as an example, and 
assume that a suitable .shop with one window is 
chosen in a locality like Oxford Street. The rent 
would not be less than £500 a year, and the fittings 
would cost about £300. The ideal fittings would be 
in light oak, plain, substantial, and good. On one 
side of the interior a plain wall fitting with “ silk 
fixtures” would be erected. The “silk idielves” 
are speciaily made, shallower than the usual drapery 
fixtures, and the requisite length (22 in. to 24 in.) 
to take a piece of silk. The fixtures oordd be made 
to ocme wtB out from the wall, ond may be pro- 
vided with false books to give as apfmrance of 
fuUieeB. On these shelves are pieced velvet^boxes 
lor stock, either raiUboard ooverod with green 
iinen, or preferably the boxes might be of imitatiQn 
h(At oak to match tbe fittings. At first a set 
of dummy boxes be employed, for it can 

scarcely be expected &at the beginner would fill up 
his iskop with stock even if he fand the necessary 
capital. On the opposite side to the shelving silk 
dmw tables sbonld oe placed. These are narrow 
tables, and from the tables to the ceding there 
would be rairrorB widi brass braobets fixra here 
and there, froia which the Tarieties of sHk are 
dmped in neat and effective folds. Such a device 
serves the double purpose of dhplaying the goods 
to the best advantw and of making the most 
of a small stedL J^in but handsome chans of 
^ght oak, a plaan counter of the same material, 
and haitatien parquette (linoleoni) in light oak 
si|«iai«8 for the Am, would complete a chaesa- 
ing intoriur. Tbe window interior shouhl be fitted 
with nirrora up the eidea and perhaps half<way 
up tee book, awi a few brass teaohn t s and brass 
shndi Ithese not costing mom tJum £& sU told) 
for dispteyhig the goods. Altbou^ tesotrioity is 
preferaiUe far ligfadt^ the teap mawM be heated 


(udtbgMiur oteeiiaomimoiider to keep the goods 
in prune condition. IW oast of fitting and wirii^ 
a sa sa ll sbap f mduding tsHa^mtside temps over tbe 
wmAom) ehoukl not exceed £20. 

Aujrtefi. The cautious assn w6uld be care- 
fui to saleot mainly silks of the pkaner sort lor a 
start, and a few expensive brocades and fancy go^ 
in afa^ lengths to disptey. The fashions bemg 
so fickle, it h next to impossible to advise what 
particular kind of material to stock. The alert man 
would know what was to be the iashion of the 
season, and buy accordi^ff^. He would (assuming 
a £4,0(K) capital) lay out a^ut £2,000 on an opening 
stock, buying only “safe ” sales, and taking every 
precaution that foi'esight and experience has taught 
him to buy the “right thing.” There are plenty 
of wholesalers in London from whom he may buy, 
but there can be no doubt that the man who can go 
to Lyons, Zurich, or Paris has better chances, seeing 
he buys at first hand. He has more frequently 
the advantage of bargains and longer discounts. 
In Lyons, suks are sofl either by the metre or by 
the aune (115 centimetres) ^ in Paris usuxdly by the 
metre. usual credit, baying from the manu- 

facturers or manufacturers' agents on the London 
market, is 11 per cent discount for 30 days. Buying 
from the wnolesale houses the discount is 2^ })er 
cent for four,months. The practice in Lyons, if one 
can secure the “long discount,” is “13 per cent, 
and 2 per cent”; in Zurich it is IJ per cent, for 
30 days. The experienced man k^ws wdl the 
advantage of such discounts, and there is little 
trouble in oalculatkig the price per yard. One 
aune equals 115 metres, ur yards. Buying 
with loi^ discount at Lyons, silk costing about 
2 fr. per aune would, with the discount off, come 
out at about Is. Id. per yard on tlie English 
coimter ; a cost of 3 fr. fit) per aune would mean 
Is. ll|d. per yard net, and so on. In Paris, on 
the other hand, 5 per cent is the usual discount, 
and goods costing 2 fr. per metre would mean a 
net cost of la 4}^ per yard in London, while 3 fr. 
60 per metre w^d come out at 2s. 6<L per yard. 
Th^ are many agents for the cheaper silks and 
velveteens in London, or the buyer may go for 
these to the Manchester mannfacti^s dir^t. The 
terms in this country are practically those which 
prevail in the drapery tiade [see page 2221]. 

Wb«t la bk) much depe^ as 

hiiB been said, on the rmaecountahie vagaries 
of fashion that the judgment of the hwyN an 
exact knowledge of what is gob^ on in fashionable 
dressmaking and mflliiieiy circles are essenotial 
in dbmiitg an open stock. Velvets may he a rM 
at Ihe aeited our begfoner m^eudu to start. It 
will be hk imsiness, tlwretoe, to choose wiih taste 
and diworimmation the ocaxect shades and^qualitiea 
in black and coloured silks and in velvets. If 
coloured silks have a vqgue, an assortment of 
moire antique, mnaie velours, tattoos, 
fiurahs •(ebeokad and atriped), mervs, shot 
ateote, plain loundatiafia, aattes (plain or fancy 
brocaded), may probably be the poopisr goods to 
choose. Silks to trimming dresses <>r mds aae 
often neeessary, aad to these a oonsiderable variety 
of shades must be aecniad. Black sflks are nsady 
always in request. Bonnet et Cie, and Tresca, m 
Lyons, being the noted nutkars. The “latent” 
dimm in moire velours, moke anttwuedamav m ak e 
cx>tel6e, otripad moire, biaok broeh^ black tefile 
Ikanciis, hengaline, Irish popltes, and hteok 
Dnohetse tatm mwy be the aeastos jmquisites. Ant 
jnatsrtaiig it is not a had pto to oneotess 
wt ^tak wadi as dapaneee ailk, to instanee— « 




speciality, and to “ run it ” in a good long range of 
tne choicest colours. There are always many 
specialities in silks and satins for evening wear 
and for bridal gowns to be thought of. A judicious 
selection of whatever is the correct thing for the 
season having been obtained, the pieces should be 
laid longways in the fixtures. The proper way to 
store silk is, of course, end on, but the beginner’s 
stock would not be large enough at first to cSmit of 
this without giving a somewhat empty appearance 
to the shop. There are velveteens of different colours 
also that may be bought in boxes of 20-yard 
len^hs. These are the things to make specialities. 
A low-priced silk or velveteen costing probably 
Is. 8d. to Is. 9d. per yard will sell readily, if the 
shade and api)earance is right, at 2s. fid. j)er yard. 
There are, besides, English silks retailing at Is. to 
Is. fid. per yard that would have to be kept now- 
adays, and Japanese silks, dyed all colours, have a 
quick sale. These may cost anything from fijd. to 
Is. per yard, and will sell well at Is. to la fid. 
Although it is considered somewhat out of the 
province of the pure silk mercer, there is no reason 
why made-up silk blouses and silk skirts should 
not be kept in stock. These are in no wise out of 
place, and the modern craze is for made-up goods. 

Assistance. It would be necessary to have at 
least one assistant (£40 a year, indoors), unless 
the beginner resolved to work the business with an 
apprentice only to help him. An apprentice would 
serve three years, receiving no salary, but he would 
be useful in many ways, such as cleaning the inside 
of the windows and doing the general dusting. At 
first the outside window-cleaner might also serve 
as porter and message boy, for a regular messenger 
is not usually necessary in a small business. Great 
care must be taken in measuring the silk for sale, 
as a few inches wrong makes a great difference in 
the profits, and the goods are expensive. The assis- 
tant should, therefore, be looked after until his 
exactitude in this respect is established, and the 
apprentice needs careful training. Silks are lusually 
measured by the fold. 

The SilR Department. As an adjunct to 
a regular drapery house, the establishment of a 
silk department is, of course, much easier to accom- 
plish than an independent start, for the draper’s 
credit is established beforehand with the manu- 
facturers and wholesale houses ; moreover, his 
customers are already secured. All that is necessary 
to develop the business is to lay out from £1,000 to 
£1,500 in a silk stock on the lines that have already 
been indicated. Occasionally the thriving draper 
may, by arrangement, secure a large consignment 
of silks for show purposes, on sale or return. But 
the same care must be exercised if the department 
is to be made to pay, although the draper has 
greater advantages in being able to erajAoy silk 
remnants directly in the millinery and dressmaking 
departments of the house. 

LooKing for Business. Reverting to the 
pure silk mercer, it is necessary that he should 
endeavour to increase his sales by cultivating the 
fashionable dressmakers and milliners. These 
ladies should be assiduously looked after, as opj)or- 
tunity occiu‘8, not only in order to sell them silk 
for dress-pieces, but also silk linings of all kinds, 
largely used nowadays for good dresses, coats, 
mantles, etc., little lengths of velvet and coloured 
silks for trimmings for hats, dresses, etc., and things 
of that sort. Tne draper Vith a silk department 
has an outlet for these oddments in other parts of 
the house, but the silk mercer has to look for 
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somewhere to plant the “ scraps,” which are by 
no means inconsiderable, and all of which mean 
money. 

The All-important Queation. Providing 
that the young man is a keen buyer, and buys what 
will sell, his profits should be considerable. The stock 
is heavy, and ought to be turned over at least 
three times a year ; therefore he must have a profit 
of at least 33J per cent, on the turnover in plain 
goods, and 45 per cent, to 50 per cent, on fancy 
goods. Good plain silk costing 3s. fid. to 38. 9a. 
per yard will sell readily at 5s. fid. to fis. fid. per yard. 
It is no uncommon thing for a buyer who knows his 
market, and who is able to buy in fair quantity, to 
pay 4s. Id. to 4s. 3d. per yard for a certain class 
of superior stuff for which the customer will pay 
fis. fid. to 8s. fid. i)er yard, and think she is getting 
a bargain. But the cheaper silks, although they 
bear a smaller profit, have the recompense of a con- 
siderably quicker sale, and they bring customers 
to the establishment whose taste in silk it might 
be possible to educate to a higher standard — 
of profit. 

SILVER AND ELECTRO-PLATE DEALERS 

It would be folly to open a shop for the sale of 
only silver and clectro-plate without considerable 
capital. True, there are such shops, but they are 
few in number and old-established, with a connec- 
tion that has taken years to bjiild, and are found 
only in the heart of our largest and wealthiest cities. 
Therefore', we shall consider the business as allied 
to that of a jeweller. 

The jeweller is sure to know something about 
silver and electro- plate ware, and whether his 
district justifies him in adding the silver department, 
j)rovided he has the necessary capital. 

Opening Shop* The aspirant to a new 
business will find, under Jewellers [page 3732 J, 
hints regarding the selection of the site, on the 
basis of a £500 capital. An additional £200 
to £250 is necessary if the silver branch Ik* 
undertaken as well. The preliminary exj^nscs 
are largely in fitting up the necessary show-cases. 
We advise the purchase of good-fitting cases, the 
essential quality of which is air-tightness, which 
means being practically dust-proof. Dust soils silver 
and electro-plate, hence the need of dealing only 
with experts in that branch of cabinet-making. 
But you may by chance get hold of some good 
secondhand cases ; but if unable to procure uni- 
formity in design and colour, it is well to purchase 
new cases, as uniformity or harmony is essential, 
and alterations are expensive. The distinguishing 
characteristic in cases should be brightness — in 
other words, as much glass as possible, including 
mirror backs, and on no account should wooden 
shelves be used. The cost of a case will vary 
according to size, design, and the wood used. 
Leave eoony colour alone. Ebony in itself is 
ex|iensive, and its colour is depressing. The 
minimum cost for good cases will be about 
£30 each. Two or three will be required for an 
attractive display. Fittings will probably run into 
about £100, and £150 will be left for stock In 
business as a jeweller, the retailer should have no 
difficulty in getting the usual terms from the whole- 
sale houses, varying from one to three months’ 
credit, with different discounts. Some firms give 
5 per cent, for cash in one month. 2J per cent, in 
two months, and net at three months ; others give 
2i per cent, at one month only. The beginner will 
likely have to pay something down, unless he is 
known in the trade. 
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SloclL. Thejmrcfaaae ci Btook requires oeieful 
ooosidenktkm. Tne nature of the dis^t must he 
considered, the class and quality of the goods likely 
to be in demand, whether useful or ornamental, or 
both. Most retailers stock both classes, but preference 
in quantity is given to the useful. It is presumed 
that our retailer has some practical knowledge of 
the trade technicalities, such as the difference 
between silver and base metals, when the latter is 
plated with silver. On a manufactured article 
there is always the hall-mark, and the public 
demand it, the only exception l^ing on copies of 
antique silver work The hall-mark for Great 
Britain is a lion passant *’ ; on Continental and 
American manufacture is stamped the word 
Sterling.” 

Silver. Silver is used in two forms — solid, and 
made into articles of itself, or deposited through the 
{iroceas of electro-plating cm base metals, such as 
“Nickel silver,” sometimes called “German silver,” 
and on Britannia metal, known in the trade as 
“Pewter.” The difference in the two base metals 
can be detected by sound, by giving the article a 
slight tap ; the “ nickel silver ” will give a bell-iike 
ring, wheioas the “ pewter ” gives only a dull thud. 
The la -ter is also very soft, and more easily worked ; 
it thcrefoflt constitutes the cheapest material sold 
as electro- plated ware, and receives only one coat 
of silver deposit. All the articles of better quality 
are mode in “ nickel silver,” plated with one, two, 
or three coats of silver, teclmicallv termed “ plated,” 
“A quality,” and “ A1 quality.’ The article with 
the one coating has more often stamped upon it the 
two letters “ E.P.” Some firms use the letters 
A, B, and C, C denoting the poorest quality. 
The first ouality is usually applied to table ware, 
spoons, forks, etc., as these are subject to the greatest 
amount of wear. 

The nucleus of the stock should be carefully 
elected, and several houses must be visited in 
making the selection. Certain firms confine them- 
selves to certain articles. Again, even in the same 
article, houses may vary a little in price. But there 
is quality and finish to be considered. What may 
look alike in two different windows will occasionally 
look totally different when under close inspection. 

The jeweller should confine himself principally to 
the silver and better quality of electro-plate. 
People look to the jeweller’s shop as a guarantee 
for quality. Of course, in some districts, the better 
quality would be rather expensive, so we repeat 
that from the new start the retailer must find out 
the nature of the demand in the district, erring on 
the side of caution. A good middle-class neigh- 
bourhood can be relied UTOn for articles of a quality 
that will stand wear ana tear and yet keep their 
appearance. 

The bulk of domestic items should be in silver- 
plate, on “ nickel silver ” — namely, tea sets, cruets, 
entree dishes, butter and preserve dishes, trays 
and salvers, spoons and forks. But smaller 
articles, such as single salts, peppers, mustard-pots, 
sugar-sifters, butter-knives, preserve sxx>ons, and 
afternoon tea-spoons, should be mostly in silver. 
There are side lines, both useful and ornamental, 
such as candlesticks, fiower vases, serviette rings, 
inkstands, and separate ink-bottles, and toilet ware, 
which should be chiefly in silver. OwiDjg to the 
present cheapness of sflvcr, most little nick-nacks 
are made with it. 

Where to Auy'. Where to buy is a difficult 
question to answer. There are at the present so 


many manufacturers and wholesale houses that make 
and stock silver and eleotro-i^ated goods. Tbe best 
trade paper is the “ Watchmakers’, Jewellers’ and 
Silversmiths’ Journal,” and therein will be found 
the names of selling firms. Ilie three leading 
centres are Londem, Sheffield, and Birmingham, 
in England; Glasgow, in i^otland, and, in a 
minor degree, Dublin, jn Ireland. London manu- 
facture, however, is usually the most expensive. 
As a rule, it is heavier and better finished, and the 
demand, of course, is principally in the West End 
of the metropolis. All advertisers invite retailers 
to send for catalogues, on receipt of business card. 
Once it is known in the trade that you are stocking 
silver goods, the ubiquitous commercials will not 
be long in calling. Remember that what may sell 
in one district does not always sell in another. 

StOcK-Keaping* Having gathered yoiu: stock, 
see that you take core of it, for nothing is more sub- 
ject to the influence of the atmosphere, and more 
especially is it so in winter. Finger-marks ought to 
be removed at once by a chamois skin kept for the 
purpose. To be continually allowing silver to 
become oxidised or tarnished means a lot of work 
in renovating, and the freshness may bo taken off 
in the process. Nothing looks moi-e seedy and 
unattractive than dirty-iooking silver. You not 
only lose the sale, but your reputation and profit 
will suffer. 

It is only the expert who can get the mirror- 
like surface on silver, and the all-powerful medium 
is rouge. It is not a pleasant material with which 
to work, and in the hands of the novice there 
would be destruction through it in other ways. 
For instance, if it gets on to wood or cloth, it is 
difficult to get out ; in fact, the more you rub it, or 
wash, the more it will spread. But there are many 
brands of plate-powder, of various qualities and 
degrees, but by sampling the best you can easily 
find out which is the most suitable. Always use 
a soft chamois skin ; keep it clean, and only for the 
one purpose ; the best result is thus obtainable. 

Profits, Profit will vary according to the variety 
and quality of your goods. Photo frames are the 
least remunerative of ^1 articles, and are, in fact, not 
worth stocking, although the jeweller must keep 
them. The retailer ou^t, if possible, to price on 
50 per cent, profit, this nigh rate being •necessary by 
reason of expenses, the detriment to stock through 
atmospheric influence, and having to sell at a big 
discount designs out of demand. Some firms issue 
jwiced catalogues, subject to 33^ per cent, which 
is equal to the above 50 per cent, on cost price. 

We find that silver and electro-plate are sold by 
other branches of retail busmess, notably by iron- 
mongers, drapers, stores, fancy-goods shops, and 
even chmists. The ‘^^wter” article is chiefly 
found in the ironmonger or cutlery shops ; the others, 
outside of the stores, generally confine themselves 
to silver nick-nacks, being able to do so, as they come 
under the exemption clause of the licence fee, which 
is, up to 5 dwt, free ; above that weight, and up 
to 30 oz., £2 6s. per annum. Over that weight, 
unlimited, it is £5 1 60. per annum. The licence is not 
much, but it is an item to be considered when 
competitiem is so keen. Under the nature of his 
business, the jeweller or silversmith is bound to 
possess <mc or the other of them. Those who carry 
only "electro- plate are also exempt, which is 
somewhat of a hardship on the legitimate silver- 
smith. 
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ITALIAN 

PREPOSITIONS 

Prepositions (from the Latin prcBponerc, to place 
before) in Italian always preoe^ the wtirds they 
govern. They indicate a relation between two 
words, as : V mite con nof. Come with us. II lihro isu 
la idvola. The hock on the table. Vch^o da Boma, 
I come from Rome. U nn catena d^cro, A gold chain. 

Prepositions may l»e divided into Sirn;ijlc and 
Compound. 

Simple prepositions are : di, of ; a, to ; in ami 
into ; con, with ; sv, on ; per, for ; tra, pa, among 
and between. 

[See page 2045 for the prepositions di, a, da, in, 
con, 8u, per compounded witli the article.] 

Comi^ound prepositions are : accanlo a, beside : 
dietro a, behind ; dirimpetto a, opposite to : a 
cagione di, on account of, etc. Many words are 
sometimes used as adverbs, and sometimes as pre- 
positions. Exam])les : aopra, upstairs ; mjira 
la tdvola, on the table. J^lany wordis which arc real 
adjectives or jiarts of verbs are used also as pre- 
positions. Examples : durante, during ; eccetto, tranne, 
except ; nomstante, notwithstanding ; hingo, along ; 
mediantc, by means of, etc. 

The preposition is invariable. 

The prepositions most frequently used are : 
contra, against ‘ avanti, betore (not 
dopo, after of time) 

oltre, besides aenza, without 

fra, tra, among, between soUo, imder 

The above prepositions are sometimes followed 
by di, especially if tliey precede a personal pronoun. 
Examples : Dopo di hi, after you : tra di noi, among 
us ; mmm di Ini, without him ; mtto di esso, under 
it, etc. 

8ema {di) also mean^ “ but for,” as ; Sffiza di lui 
satei morto. But for him I should have been dead. 
cd di Id. di, OB the other a, around 

Bide of innanzi a, dtnanzi a, be- 

dl di qua di, on this fore 

Bide of rignardo a, concerning 

aocarOo a, near, by tlie vkino (vee-cbe^-no) a, near 
side of per mancanza di, for 

per mezzo di, by-means of want of 
inveee di, instead of a causa di, on account of 
ad onta di, in spite of insieme eon, together w-itli 
lungi (lo6n-dgee) da, in quatUo a, as to 
far h’om fin da, since 

in fdccia a, in front ot firio a, until 
etc. 

Sometimes two simtile prepositions are used 
together, as : da per me, by m^^lf ; a! di Id dd 
flume, on the other side of the river. Prepositions 
aie oocastonaHy placed after their <MJmi>lement, 
when the eooa^ement oooaists of either (1) pro- 
nominal or adverbial partieles united to 
or of (2) adverbs of place. Examples : Qli si mise 
doMOdti =* 9 i miae davanii a lui. He hhnnelf befwe 
him. Penedteci su — pensaie eu cio, Think over it. 
Qui vieim = vicino a que^ lu&go, near here. Ld 
dentro ~ derdm qud Imgo, in Hiere, 
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Exebcise XUX. 

1. Lei non imparerii mai niente, porche gioca 
sempre durante la lezionc. 2. Inveee di cento lire 
ne abbiamo ricevuto sdtanto cinquanta. 3. La 
villa di cui le ho parlato si trova al di la del Tamigi. 
4. Siamo stati oobligati di rimandare la partenza 
lino a lunedi per mancanza di danaro. 5. Se avetc 
freddo sedete aceanto al fuoco. 6. Dirimpetto a 
noi c’ 6 nna casa da httare. 7. Badate, li c’ ^ il mio 
cappello; non vi ci sedete sopru. 8. Eceetto 
questi due, tutti gli altri (piadri non viilgono 
niente, 9 Parliamoci chiaro, fra noi non ci d^vono 
eHHCse misteri. 10. Lo faro per amor vostro. 11. Pin 
di quaranta jiersone rcstarono sepolte sotto le 
maedrie. 

EsERcizio DI Lettura 

In che posBo ubbidirla ? ” ^ disse don Rodrigo, 
])iantanclosi- in piedi nel mezzo della sala. 11 suono 
delle parole era tale ; ma il modo con cui eran 
j>roforite, voleva dir chiaramente ; bada a chi sei 
davanti, pesa le jiarole, e sbrigati.*’’ 

Per dar coraggio al nostro fra Cristoforo, non 
c’ era mezzo ])iu sicuro e piu sjiedito, che prenderlo 
con maniera arroganto. Egli che sthva sost»eso,^ 
cercando le parole, e facendo scorrere tra le dita 
le avemario della corona® che teneva a cintola, 
come se in qualcheduna di quelle siierasse di 
trovare il suo esordio: a quel fare*^ di don Rodrigo 
bi sent! .subito venir sulle labbra pin parole del 
bisogno. Ma pensando quanto importasse di non 
guHStare i fatti suoi o, cio eh’ era assai piu, i fatti 
altrui^, corresse e tempero le fmbi che gli si eran 
presentate alia monte, e disse, con guardinga 
umiltk : “ Vengo a proporle un atto di giustizia, 
a pregarla d’una carita. Cert’ uomini di mal affare” 
hanno messo innanzi il nome di vossignoria illus- 
trlssima, per far paura a ur povero curato, e im- 
|»edirgli di compire ilsuo dovere, e^ier soverchiare'* 
due hmocenti Lei pu6, eon ima jiarola, confemder 
coloro, restituire al diritto la sua forza, e sollevar 
quelli a cui ^ fatta ubu oosi crudel violenza. 
Lo puo; e potondolo ... la coscienza, 1’ onoies . . . ’ 

“Ijei mi lairlera della nita coscienza, qiiando 
verro a confessarmi da leL In quanto al mio onore 
ha da sap^re che il custodt- ne sono io, e io solo ; c 
che chiunque ardisce entrare a parte con me in 
questa cura, lo riguardo come il temer^rio che 
Toffende.” Fra Cristoforo, a v vert it o da (^ucste ^mrole 
che quel signore cercava di tirare al i>eggio le sue, 
per volgere il discorso in contesa, e non dargli 
luogo di veniie alle strette^i, s’impegn6 tanto piu 
alia sofferenza, risolvette di mandir gin^^ qualimquo 
cosa piaccsse all’altro di dire, e rispose subito, con 
un tono sommesso: “ Se ho detto cosa che le 
dispiaccia, stato certaniente contro la mia in- 
tenzione. Mi corregga pure, mi riprenda, se non so 
])arlare come si conviene, ma si degni ascoltarmi. 
Per amor del cieio, per quei Dio, al cui oosi^tto 
dobbi^im tutti comparire . . e, cosi dicendo, 
aveva preso tra le dita, e metteva davanti agU 
oechi del suo accigliato^'^ ascoltator© il teschietto 
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cli leguo^^ attaocato alia sua corona, ''non s’ostini 
anegare unaginstizia cosi fkcile, ecosi dovnta a dei 
|K>vereili. Pens! che Dio ha sempre gli occhi aopra 
di loro, o che le loro grida, i loro g^miti sono ascol- 
tati lassCl^^. L' innocenza ^ potente al suo . . 

“ Eh, padre ! ” interruppe bruscamente don 
Rodrigo, il rispetto ch' io porto a1 suo kbito 
6 grande: ma ae qualche cosa potesse f^rmelo 
diiuenticare, sarebbe il vederlo indosso a uno che 
ardisse di venire a farmi la spia in casa/* (Manzoni, 
I Promessi Sposi,” Cap. VI.) Continued. 

Notes. 1, In what can I oblige you ? 2, planting 
himself ; 3, be quick ; 4, hesitating ; 5, the beads 
of liis rosary ; 0, on this behaviour ; 7, of others ; 
8, certain ill-conditioned men ; 9, oppress ; 10, 

regarding my honour; 11, to come to the point; 
12, suffer ; 13, frouming ; 14, little wooden skull ; 
15, on high. 

IRREGULAR VERBS 
Second Conjugation— continued 
Verbs in ere (short) —continued : 

Prediligere, to love partially, to prefer 
Patit Di f.-^Predilcssiy jyrtdileasCi predUhsero. 

Pcist 1 irt. — Predileito. 

Premere, to press (irapcrs. : to be of iin- 
portnnce) 

Past Dtf. — The regular forms premci, ftremcdi, 
etc., are more common than the forms 
pressc, prcsHcro. 

Past Part. — Prem iiio ( Presso). 

Preaumere« to presume 
Pad Def. — Prcmmeiy presumestu etc. (regular), 
and presunsi^ presunscy j>resunsero. 

Past Part. — Presunto. 

Produrre {producere)^ to produce [see addunty 
page 5082] 

Proteggere, to prot^t 
Past Dtf. — Protcssiy pt'otessty protesscro. 

Past Part. — Proietto 

Pungere, to sting, to pique 
Past Def . — Pvnsiy punscy punsero. 

Past Pari. — Punto, 

(k)njugate like pungere ; compwigercy to afflict. 

Redimere# to redeem 
Past Def. — Redensiy redenscy redensero. 

Past Part. — Redento. 

Re^nre, to support 
Past Def . — Ressiy resscy r^scro. 

Past Part. — ReUo. 

Conjugate like reggere : sorreggerty to sustain ; 
corr^gercy to correct. 

Reprimere, to repress 
Past Def. — Repressiy represser repressero. 

Past Part. — Represso. 

Ridurre {riduc€re)y to reduce [see addurrey 
page 5082] 

Rlflettere, to reflect 

Past Def. — The regular forms rifletteiy rifkitestiy 
elc., arc much more common than the forms 
riflessiy riflessey riJUssero. 

Past Part. — Rifteltuto, considered ; riflesso, re- 
verberated. 

Rifulgere (poef.), to shine 
Past Def. — Rifidsiy rifvlsey rifidsero. 

Past Part. — Rif also. 

Rllucere (poef.)« to glitter, to shine 
Past Def. — Rilussi, rilusscy rUiissero. 

This verb has no Past Part. 

Risolverey to resolve 
Past Def. — RisolvcUiy risolvestiy etc. (regular), 
and risolsiy risolscy risdlsero. 

Past Part. — Risoluto and risoHo. 
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Sceglleret to choose (pron. sh^' dee-ehreh) 

Ind. Pres. — Scelgo, scegliy sceglity scegliamo, see- 
glietcy scUgono. 

Past Def. — Scelsiy scelsty acUsero. 

Future — Sceglierdy sceglieraiy etc. (acerroy scerraiy 
etc.). 

Imperat. — Scegliy scclga, scegliamo y sceglietty s<M~ 
gano. 

Subj. Prea. — SeelgUy scelgay scelgay acegliamoy 
scegliaiey scUgano. 

Condit. — Scegliereiy aeegliercstiy etc. {scerreiy acer- 
restiy scerrebbty etc.). 

Past Part. — Scelto. 

Conjugate like sceglitre ; traacegliercy to choose 
among; prescigliercy to select. 

Sciogliere {8cidrre)y to untie (pron. ahd'-lee- 
ehreh) 

Ind. Prea. — Sciolgoy eciogliy scioglicy aciogliamoy 
scioglietCy aciolgono. 

Jinj)erf. — ScioglievOy scioglieviy etc. 

Past Def. — Sciolsiy sciolsty sci^aero. 

Imperat. — Sriogliy sciolgay aciogliamoy scioglietey 
sciolgano. 

Subj. Pres. — Sciolgay sciolgay sciolgay sciogliamoy 
scioglwiey sciolgano. 

The forms sciorrdy sciorraiy etc., and sciorreiy 
sciorrestiy etc., for the Future and Conditional 
instead of scioglierdy etc., sciogliereiy etc., are only 
used in poetry. 

Conjugate like ac/dg/? err ,* discidglierey to dissolve ; 
prosciogliercy to free, to deliver. 

Sconnettere, to disjoint, to be incoherent 
[see connetterey page 5082] 

Scorgere» to perceive [see a^corgercy 
page 5081] 

Scrivere, to write 

Past Def, — Scrissiy scrisscy scrlsscro. 

Past Part. — Scritfo. 

Conjugate like scrivere ; descriverey to describe ; 
inscriverey to inscribe ; pracrwercy to prescribe ; 
ascriverey to ascribe ; soitoscrlverey to subscribe ; 
cir CO scrivere, to circumscribe ; trascrivercy to tran- 
scribe. 

Exercise L. 

1. L’^ilbero buono produce frutti buoni. 2. 
Quaudo scioglierd il pacco, potrete sc^glierc quello 
che piu vi piace. 3. Che cosa avete scelto ? 
4. La domanda fu sottoscritta da circa cento 
persone. 5, Mio fratello mi ha scritto una lunga 
lettera. Se il signor N. non vi avesse protetto, 
ora non occupereste questo posto. 7. La povera 
bambina piange, perch^ si ^ punto un dito con 
I’ago. 8. Premete il bottone, per chiamare il 
cameriere. 

Conversazione 

Va sovente in casa N. ? 

Di quando in quando (now and then), e lei ? 

Quasi mai, ma i miei cugini ci vanno molto spesso. 

A che ora ritoma ? 

Non so precisamente ; verso le sette, credo. 
Ma se per le sette non sono ritornato, non mi aspet- 
tate ; potrebbe darsi che vada a teatro. 

Come sta la sua sorellina ? 

Molto m^glio, gr&zie. Spero che fra qualche 
giomo potrk dirsi completamente guarita. 

Si dice che la signorina N. sposi un ufficiale di 
marina ; d vero ? 

Ma che ; posso assicurarle che non ce n* h assolu- 
tamente niente. 

Resta a pranzo con iioi ? 

Violentieri ; pci si andrii fuori insieme. 



Key to Exeecise XLVI, 

L You hayo dome well to come to mo; I shall 
easily get you out of trouble. 2. He always speaks 
modestly ci himself, 3. Speak distinctly, if you 
wish me to listen to you. 4. Unfortunately we 
arrived too late. 6. Little by little we shall over- 
come all the difficulties. 6. Tell him to wait ; I will 
come down at once. 7. Probably we shall h/ive an 
answer this evening. 8. It was so dark that we went 
groping. U. The bearer is an intimate friend of 
mine ; I recommend him to you particularly. 

Key to Exercise XLVII. 

1. Come this way, sir ; the way is much shortei. 

2. Do you wish then that I should be compelled 
to ask hero and there what has happened to my 
master V 3, One after the other all went away 
and left me alone. 4. If by any chance that gentle- 
man who came yesterday should come, tell him that 
I am not in. r>. Who knows if we shall arrive in 


time. 6. Never promise if you are not quite 
to be able to keep your promise. 7. You have 
played enough ; now it is time to go to bed, 8. 
It is possible that we shall meet in Milan in April 
or May. 9. If we walk so slowly we shall not be 
up there even by to-morrow. 10. Come down; 
the carriage is ready. 

Key to Exercise XLVIII. 

1. The reasons you have adduced do not justify 
your action. 2. The vault of this church was 
painted by a great artist. 3. The fire destroyed 
a great part of the building. 4. When they per- 
ceived my presence, they began to speak of some- 
thing -else. .5. I have been running about all day; 
now I want a little rest. 0. I cannot eat this meat : 
it is overdone. 7. Much has been already said 
on this subject. 8. »Sueh a thick fog came down, 
that nothing could be distinguished. 9. The 
enemies (enemy) directed their fire against fort 
B. 10. Here is all we have been able to eolloet. 


Continued 
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By Louis A. Barbe, B.A. 


PREPOSITIONS 


The Prepositions in most frequent use arc : 


to, at 
apris, after 
d travera, through 
attenduy considering 
avavU, before (time) 
aveCt with 

chez, at the house of 
concermrUf concerning 
contrcy against 
dana, in 

de, of, from, with 
depuisj since 
derrUrct behind 
dea, from, as early as 
demnty before (iKwition) 
dumnty during 
tUj in 

entrtj between 
LUverSf towards 

in/, seeing, 


exceptly except 
hormis^ except 
nuxlgre^ in spite of 
moyennant, m considera- 
tion of 

outre, in addition to 
par, by, through 
parmi, amongst 
pendant during 
pour, for, in order to 
aana, without 
aelon, according to 
aoua, under 
auivant, according to 
sur^ on, upon, about 
aauf, save 

touchant, concerning, 
touching 
tera, toward^ 
considering 


Remarks. The preposition a is used to ioriu 
prepositional phi-ases, of which the most common 


arc ; 

juaqu d, till, to, as fur as quant d, us for, as to 
par rappor/d, with regard to grdee d, thanks to 
The preposition d( is used to form the following 
prepositional phrase^ ; 
autour de, around, about 
an~deaaua de, above 
au-deasoua de, below 
d Vdgard de, with regard to 
mt-dmiiit de, towards, to 
meet 

u cdU de, beside 
du cMi de, in the direction of 
d farce dty by dint of 
d fleur de, flush with 
au^pr^ de^ near 
an deld de, beyond 
d Vabri de, sheltered from 

2. The prejKMjitions d, dc and tn imist be rejK’uted 
before every complement. 

3. All prepositions except en requhe the verb 
eontNUg after them to be in the infinitive. En is 
followed by the present participle : J e auia hicn loin dt 
panfppger voire opinion, I am very far from sharing 


audraoera de, through 
d inoina de, unless 
d Vinav de, unknown to 
cn depit de, in spite of 
en face dc, facing 
faute de, for want ol 
h long dc, along 
pr^ dc, near 
pi^he de, adjoining 
via-d-ma de, opposite 
au-dedana di, iasid<‘ 
au-dchora di\ outside 


your opinion. Jl ne pariira paa aam venir nom 
voir. He will not go away without coming to see us. 
V'tat en voyagaint que fai appria la geographic, 
It is by (in) travelling that I have learnt geography. 

4. In, or at, when followed by the name of a 
town, is expressed by d. When followed by the 
name of a country, continent, or large island, it 
is expressed by ew ; 11 demtun d Paria, He lives in 
Paria. Son pare eat en Fratici, Hjs father is in 
France. 

5. Spetikiiig generally. ui ” is to be translated 
by dans when followed by an article, a possessive, 
or a demonstrative, and by cn when there is no 
such determinative ; Elle rencontra mi lovp dans le 
boia. She met a wolf m the^ wood. En hiver la 
terre eat converte de neige, In winter the ground is 
covered with snow. 

t). Before expressions of time, dana expresses 

time when,” and en *’ time how long " : Jc ferai cela 
dana unc heure, I shall do that m an hour’s time 
(from now) Je ferai cela en une heure, I shall do 
that in an hour (it will take me an hour). 

7. Chez means “at the house of,” and requires no 
dt after it : S'il n'eat paa chrz lui, il eat chez aon 
amain. If he is not at his own house, he is at his 
cousin’s. 

8. Durant and pendant both mean during ; but 
durant implies the whole of a })eriod, and pendant 
a point of time during a period: Nona aommt*< 
reatia d Paria durant tout le si^ge. We remained in 
Paris during the whole siege. Cest pendant h 
aiege que Feat Iwree cette hatailk. It was during the 
siege that this battle was fought. 

9. Durant may be placed after its eom])lement : 
Elle aura atU fortune aa vu durant. She will have 
that fortune during her lifetime. 

10. Vera implies actual movement towards : 
Elle leva ha mains i^era It del, She raised her hands 
towards heaven. 

11. Envera is used figuratively, in eonneetion 
with feelings, sentiments, etc. : ll a' eat montri 
recon nuiaaant envera nous. Ho has showm himself 
grateful to (towards) us. 

12. Vera also approximates “ time when : 

Nona arriverona vera midi. We shall arrive about 
rioon. ,, j . 

13. Approximation of “ time how long, and of 
luuuber or quantity generally, is exjiressed by 
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environ : Nous y reskrons une heure cnvirotu We 
shall remain there about an hour. Nous avons fait 
environ dix milles. We have walked about ten miles. 

14. After a pre^sition, all personal pronouns 
must be in the disjunctive form : Nous ne pouvons 
pas partir sans ellct We cannot start without her. 

15. Personal pronouns coming after a pre^ition 
usually refer to persons. Consequently, an English 
preposition followed by a neuter pronoun “ it,’* 
^‘them,” is commonly rendered by the corresponding 
adverb: Ouvrons la hoik pour voir ce qu'il y a 
dedans^ Let us open the box to see what is in it. 

Exercise XXXVII. 

1. The sluggard (/)arc.wcM.i) works in spite of 
himself. 

2. The sun shines for everybody. 

3. Work with zeal ; work is the source {la source) 
of wealth {abondanccj f.) and joy {la joie). 

4. The invention of the telephone {le telephone) is 
due to Graham Bell, and that of the phonograpli 
{le phonographe) to Edison. 

5. From Calais, when the weather is clear {dair), 
you perc^ve Dover {Douires) opposite you. 

0. Licacp that according to the saying {le dire) 
of one of the ancients (an ancient) we must eat to 
live, and not live to eat. 

7. Write insults {injure^ t) on sand {le sahlt)y 
and favours {le hienfaii) on brass {airain, m.). 

8. I fear God, and, after God, I mainly (princi- 
pally) fear those who do not fear Him. 

9. We must try {lacker) to live on good terms 
(bien) witli everybody. 

10. He works the whole week, except Sunday. 

11. A well-bred {elere) child must do nothing in 
despite of his parents. 

12. The holidays {vacances, f. pi.) will begin in 
less than two months. 

13. Perhaps your uncle does not know where 

our house is ; go and meet him, and bring him if 
you see him. • 

14. One of Jules Verne's novels has for (its) title 
(le litre) " Around the {le Tour du) World in Eighty 
Days.” 

15. Let us put ourselves under this tree ; we 
shall there be sheltered from the rain. 

16. He owed his (the) life to the clemency 
{la demeujcc) and the magnanimity {la magmnimite) 
of the victor. 

17. Fulfil j^our duties {le devoir) towards God, 
your parents, and your (the) native land {la patrie). 

18. The same prejudices {le prejugi) are found in 
Europe, in Africa {VAfrique)^ and even (os far as) in 
America. 


CONJUNCTIONS 

Simple conjunctions ai*c not very nuiiieroua. 
'Ito chief of them are : 


car, for 

cependanly however, yet 
comme, as 

donCy therefore, then 


niy nor 

non pluSy either 
or, now 
oUy or 

pourtant, nevertheless, yet 


fmisy but qmndy though 

siy if, whether jmisque, since 

qucy that quoiquCy although 

parce gwe, oecause 

A great number of conjunctive phrases {locutions 
confonetives) are formed by the addition of que 

to certain adverbs or to certain prepositions. 

Some of these are followed (a) by the indicative ; 
others (6) by the eabjunctive ; and others (c) again 
by Uie indicatfee or the subjunctive according to 
their meaning: 


(a) d cause quCy because 
a ce ^ucy according to what 
ainst quCy as 

d mesurequcy in proportion 
apres que, after 
atkndu gttc, considering that 
pent- Hr e quCy perhaps 
tandis que, whilst 
m (mcy seeing that 
au lieu que, whereas 
aussitdt qucy as soon as 
'lutant que, as much ns 
depuis quCy since 
dh quCy as soon as 
pendant que, whilst 
outre que, besides 
tant que, so long as 
jusqu'd ce quCy until 


{h) afinqucy in order 
that 

d motnsque — ne, unless 
avani que, before 
bien que, although 
de crainte que — ne, lest 
de peur que — ne, for 
fear that 
en cos que, in case 
non que, not that 
pour que, in order 
that 

pourvu que, provided 
sans que, without 
soil que, whether 
suppose que, suppos- 
ing 


{c) de maniere que, in such a way that 
de (ew) sorte que, so that 
si ce n'^est que, except that 
si non que, unless 
tcllement que, so that 

Those last conjunctions require the indicative 
when actual fact is indicated, and the subjunctive 
when a purpose or contingency is expressed : 

II a bien travaUlc de sorte que son pete est content 
de lui. He has worked well, so that his father is 
pleased with him. Travatllez de maniere que totre 
pere soil conknt de votts. Work in such a way that 
your father may be pleased with you. 

Remarks, l. The conjunction “for” mean 
ing “ because,” must be carefully distinguished 
from the preposition “ for ” meaning “ on behalt 
of,” “ instead of,” etc. : 

Ce n'est pas pour imis que fai achete ces Hvres ear 
vous ne lisez jamais. It is not for you I have bought 
those books, for you never read. 

2. Onversat ion ally, mats is frequently used 
simply to emphasise a statement, and may then 
generally be translated by “ why ” : Voulez-mus 
me prHer mtre livre ? Main, certainement. Will you 
lend me your book ? Why, certainly. 

3. Que is used to avoid the repetition of comme, 
as ; quand, when ; and si, if. In the last of these 
cases it is followed by the subjunctive : Comme U 
fait beau kmps et que nous n avons rien d faire 
7WUS aliens nous promener. As it is fine and (as) wo 
have nothing to do, we are going for a walk ; 
Quand il fait beau temps et que nous avons rien d 
faire nous allons nous promener, When it is fine and 
(when) we have nothing to do, we go for a walk ; 
Si nous n'avons rien d faire et qu'il fosse beau temps ' 
nous irons nous promener. If we have nothing to do 
and (if) it is fine, we shall go for a walk. 

4. Non plus is equivalent to the English “ either,” 
at the end of a sentence : Je nele connais pas, ni 
son frdre non plus, 1 do not know him, or his 
brother, either. 

5. Puisque and depuis que both mean “ since ” ; 
but, the former introduces a motive, and is nearly 
S 3 rnonymous with “ liooause,” whilst the latter 
refers to a point of time : Je le lui donnerai, puisque 
je le lui at promts, I shall give it to hifii, since I 
promised it him; II m'a ecrit deux fois depuis 
qu'U est en France, He has written to me twice 
since he has been in France. 


Exeucjse XXXVIII. 

1. (The) Charity is patient, gentle and l)enevo- 
lent (bienfaisant). 

2. The compass {la bousaole) was not discovered 

(trediver) by a mariner {marin), nor the telescope 
{k ) by an astronomer (astronome). 



S, Neither (the) gold nor (the) greatness {la 
grandew) makeCs) us {rendre) happy. 

4 . (The) Man is unhappy cnty because he is 
wicked {nUckant),, 

5. Obey (sing.) if you wish to be obeyed one 
dav. 

6. The swallows depart as soon as the first cold 
(pi.) ocwnes {arriver). 

7. A child is no longer believed when he has 
told a lie. 

8. If (the) water boils sooner on (tlie) high 
mountains, it is because the pressure {la pressiori) 
of the air is less strong there. 

9. AJl men are mortal ; now, you are a man ; 
therefore you are mortal. 

10. If he comes to France and (if he) passes 
through Paris, I shall be delighted to see him. 

11. The earth is never exhausted {a'epuiacr), 
provided one knows (how to) cultivate it. 

12. Behave {se conduire) in such a way that 
everybody is pleased with you. 

INTERJECTIONS 

Apart from a great many words and phrases that 
are frequently used as exelamations, the chief 
interjections are : 

Ah ! Oh ! Garc ! Look out ! 

Aic / Oh dear ! Ha! PA\\ 

Bah ! Nonsense ! Never HHaa f Alas ! 
mind ! Hein ! What ? What’s 

Bis ! Encore I that ? 

Chut ! Hush ! , HM ! Hi ! 

Crac ! Bang ! Hum ! Hem ! 

Eh ! Hallo ! ■ 0 / 0 ! 

Ei ! Fie ! Pst ! Hist ! 

1. A frequent exclamation is Dame ! Etyniolog* 
ioally, it means “ Lord ! ” from the Latin word 


“ Honiiiie.” At the present day, it is absolutely 
meaningless, and is aimply used to express besita* 
tion or aou)»t, like the English “ Well f ” or “ Why I ** 

2. An expression which is frequently heard, and 
which a literal translation quite fails to render, is 
Mon Dieu ! It has about the same strength as 
the English “ Goodness ! ” “ My ! ” “ Why ! ” 

3. Auems ! which literally means “ let us go,” is 
used like the English word “ Come ! ” 

Key to Exebclse XXXVI. 

1. Les liommes n’arrivent pas imm^liatement 
& la connaissanre de la verite. 2. H n’y a rien de plus 
faeheux que I’incertitiide, 3. Si nous avjons 
seulement vec u deux siecles plus tdt nous n'aurions 
eii aueune idee des machines vapeur, dcs chemins 
de fer, du t-elegraphe. 4. La paresse va si lentement 
que la pauvrete I’atteint bientftt. 5. La raison du 
plus fort est toujours la meilleure. 6. I^es jeunes 
gens doivent parler peu et eoouter beaucoup. 7. Le 
bonheur du m6chant ne dure pas longtemps. * 8. C-o- 
voleur est accuse de s’etre introduit nuitamment 
dans line maison. 9. Qu’il vienne vendredi ou 
samedi ; ee sont Ics jours ou je suis le plus ordinaire- 
ment chez moi le soir. 10. Et maintenant, re- 
pondez-moi franchemont, qu’y a-t-il de vrai dans 
cette accusation ? 11. Je me suis toujours de> 

maiide pourquoi les Fran^ais, si spirit iiels ehez eux, 
sont si betes en voyage. 12. lln bonheur extra- 
ordinaire a eonstam merit necoinpagnt'* co lirigand 
jusqu' »i ee jour. Sa teU‘ est mine a prix ; pourtant 
il continue impunement son dangereux metier. 

13. II est extiemement g^ncreux ; I’argent ne lui 
route guere a gaguer, et il le dopense facilement 
avec les pauvres. 14. 11 porte ordinnirement un 
costume d'une tr^s grande (^leganee ; son lingo 
est toujours crime blancheur eelatante. 


Continued 


SPANISH By Amalia de Alberti & H. S. Duncan 


CONJUNCTIONS 

Spanish conjunctions comprise a few simple 
conjunctions, and many compound conjunctive 
phrases which generally consist of adverbs or 
prepositions with que. Example : de modo que, 

so that. 

Simple Conjunctions 

The simple conjunctions arc ; 

ni, nor y (or r), and 

6 (or il), or pero j 

qwy that mas - but 

si, if sh\o ] 

1. r, ” and,” bec'omcs <' liefore i or hi, but not 

befOTe hie. Examples: manzanas e higos, apples 
and figs ; sabios i ignorantes, learned and ignorant ; 
madera y hierro, wood and iron. 

2. 0, V or,” bwomes u before o or ho. Examples : 
diet a once, ten or eleven ; muchacho u hombre. 


boy or man. 

8. Pero and mas may be used indifferently to 
express ** but,” and can stand at tJie beginning ot 
a sentence. 

4. Sino is only used when tlic first clause con- 
tains a negative opposed by an aflu'mative in the 
second olanse. Examples: Es Immoso pero (or 
mas) m es jomn. He is handsome, but not young ; 
No es hermoso sino muy feo, Ho not handsome, 
blit very ugly. 

Compound Conjunctions 


4 fin in esrder that 
i m«»o* 

a no scr que) 


antes que, liefore 
nsi que, bo that 
mtnq^te, although 



bien qvc, although hasfa que, until 

COSO que. in ease that luego que, as soon as 

como qukra que, however mientras que, while 

con que, therefore, so then no obstante qm, notwith- 

con motivo que, so that standing 

con tal que, provided that para que, in order that 

cuanto mas que, the more porque, because 

since por mas que, however nnjcli 

dado que. in ease that por menos que \ however 
dado COSO qnc, supposing por poco que / little 
that ptiesque \ since, seeing 

de manero que | puesto que I that 

de modo que V so that siempre qvf>, whenevet 
de suertc que j sin que, without 

desde que, since supuesto qtie. since, sup- 

des'pues que, after posing that 

eu tanto que, while, in fantn que, so that 
ease that ya que, now tliat, since 

INTERJECTIONS. 

Spaniards are always prodigal of exclamations 
and interjections. Besides the usual exclamations 
“Ah!” “Oh!” “Eh!” common to nearly all 
languages, the following are the most usual : 

I hUa ! to call attention, or a cry of welcome 
/ chito ! I 

/ quedo ! [ equivalents of “ hush ! ” 

/ calla ! ] 
i raqios ! | 

/ vat/a ! [ to exi>ress surprise or incredulity 

/ auda ! j 

iay de mi ! “Alas ! ” 

iojald ! “ Would that | ” “ Oh that ! ” 
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/^g»/ 1 

^ii^’qutdde'l] impatience 

; que demonio / J 
/arre ! “Gee up !” (to horses) 
izape ! a word used to frighten cats 

1. Familiar conversation is interspersed with 
exclamations of /hombre/ / mujer / / hija / etc. 
/ Caramha / / camutro ! / canario / though in- 
elemnt, are constantly heard, and may m used 
without offence. 

2. Religious exclamations are used with a freedom 
which might be considered profane in England ; 
but in Spain such exclamations are perfectly 
proper and inoffensive, being equivalent to our 
“ Good heavens ! ” or “ Oh, dear me ! ” Those 
most frequently heard are : 

/ JesMs ! j Dios mio f 1 Dios de mi alma ! / por 
Dios! ! valgame Dios! / Virgen Santisima! 
Vocabulary Vocabulario 


He is quite mad 

; Es loco rematado ! 

To finish 

Reinatar 

High, loud 

Alto 

Great 

(irande 

WhiL 

Blanco 

Underlin^n 

La ropa blanca 

Wood 

Lefla, madera (f.) 

The tips of the fingers 

La yema de los dedos 

The tip of the nose 

La punta de la nariz 

A cavalry soldier 

Un soldado de caballeria 

The club 

El circulo, casino 

The pulpit 

El pulpito 

The professorship 

La catedra 

The professor 

El catedratico 

The dice 

Los dados 

He boasts of being a 

Hace alarde de ser bor- 

drunkard 

racho 

Mr. So-and-so 

Don fulano 

To be irritated 

Araosoarse 

A splinter 

Una astilla 

To elevate 

Elevar 

To raise 

Alzar 

To raise the voice 

Levantar la voz 

To erect 

Erigir, levantar, construir 

To erect a statue 

Erigir una estdtua 

The entrance 

La entrada 

An entr^ (dinner) 

Un principio 

To save, economise 

Ahon*ar, economizar 

The postman 

El cartero 

The petty theft 

La sisa 

The pickled meat or 

La chacina 

pork 

The fish-hook 

El anzuelo 

A witticism 

Una agudeza, un chiste 

The glass 

El vidrio 

The crystal 

El cristal 

The tumbler 

El vaso 

ThftuMb'b 

£1 barrio 

The neighbourhood 

La vecindad 

The earthquake 

El terremoto 

The juice 

El jugo 

Ihe vine 

La vifia 


Exercxse XXI (1). 

Tranalate the following into Spanish: 

1. Better late than never, but better early 
[ponto] than late. 2. I sent them money that 
tney may be able to pay the cost of the journey, 
and unleM they receive it in time I fear we shall 
not have the pleasure of seeing them. 3. Although 
I warned him that the speculation was risky, he 
invested lar^ sums in that enterprise, aifd should 
(in case) he oecome bankrupt I shall have to bo 
his surety, since he is my brother. 4. Hallo, 
friend ! How are you ? It is a long time since 1 


saw you. 5. Since you will not come to see 
here I am. As they say, if the mountain 
not come to Mahomet, Mahomet goes to ^e* 
mountain. 

Exercise XXI (2). 

Translate the following into English : 

1. Este hombre es muy alto— demasiado d mi 
parecer. Es casi un gigante. 2. Napoleon fu6 un 
grande hombre apesar de ser pequefio de talla. 
3. Se lastima uno las yemas de los dedos al tocar 
el arpa. 4. Era hombre de saber, ocupaba una 
catedra en la universidad de Salamanca, y se 
consideraba como el primer catedrdtico de aquella 
cdlebre universidad. 5. Ocupaba una posicion muy 
elevada ; se alz6 de la nada. Fu^ el hnico que 
levantd la voz en defensa de la libertad de la 
rensa. 6. Las tropas despues de la guerra 
icieron su entrada en la capital con grandes 
aclamaciones del pueblo y le van d erigir una 
estdtua al General. 7. Don fulano se amoscd eata 
manana. i Qiiic^n es Don fulano ? Nunca me 
acuerdo de su nombre. 

PROSE EXTRACT. 

From “ Notas Sobre el Comorcio Hiapano- 
Britdnico en el Afio 1904.** 

The raisins imported Las pasas importadas 
into Great Britain are of en la Gran Bretana son 
the following kinds and de las siguientes clasos 
origin : The best from y procedencias : la su- 
Malaga ; the Valencia jierior, de Malaga ; la 
kind, which comes from de Valencia, procedente 
Denia (Alicante) ; that de Denia (Alicante) ; la 
called “ Sultana,” from llamada “ Sultana,” de 
Turkey ; the Greek va- Turquia : la griega, cono- 
riety, commonly known cida viilgarmente en el 
in the trade by the name comercio con el nombre 
of currants (Corinth), and de “ Corinto,” y la de 
that from Australia, a Australia, producto nu- 
new product, of which evo en este mercado, del 
we shall speak later on. (pie so hablard mds ade- 
lante. 

The British Customs El Arancel de Aduanas 
tariff groups them all britAnico las incluye 
in the same category, todas en la misma par- 
under the denomination tida, bajo la denomina- 
of ” Dried Fruits,” to- cidn de ” Dried Fruits,” 
gether with figs, prunes, juntamente con los higos, 
dates, and other dried or ciruelas, datiles y oti'as 
preserved fruits, although frutas secas 6 conserva- 
the tax makes a distinc- das, aunque el impuesto 
tion between “ currants ” divide las jmsas en “ ciu- 
— that is, the Greek sort rants,” esto es, las griegas 
(or from Corinth)— and 6 de “ Corinto,” y en 
the “ raisins ” — viz., “raisins’* 6 sea las de 
those from Malaga and Malaga y Valencia y 
Valencia and the “ sul- “sultana^*; pagandoun 
tana”; the first (currants) derecho de 2 chelines el 
paying a duty of 2s. per quintal ingles (50*80 
English cwt. (60*80 kilos) kilos) las primeras (our- 
ana Ibe others (raisins), rants) y 7 chelines el 
7s. per English ewt quintal ingles las demiis 
(raisins). 

The principal reason of La raz6n principal de 
the remarkable difference la notable diferencia en 
in the tariff duty between el derecho arancelorio 
the currants and raisins, entre los “ currants ” y 
and the burdening of los “raisins” y de oue 
the latter with a tax of las iiltimas se hallen 
78, per owt., lies (apart navadas con un derecho 
from the Agreement be- de 7 chelines por quintal, 
tween Greece and Eng- estd (aparte del Gon- 
lottd, by which the duty venio entre Grecia 6 
on currants entering the Inglaterra, por el cual 



?ted Kingdom is rf- 
.. iKl to 2s., in exchange 
for a reduction in the 
import duty in Greece on 
certain English articles), 
hi the faojt that England 
tacitly extends the appli- 
cation of the alconoUo 
tariff to produce partially 
eihi^oyed in the manu- 
facture of artificial wines 
capable of being fer- 
mented and distilled in 
order to produce an imi- 
tation of genuine grax>e 
spirit. 


During the ))rc8ent sea- 
son (1^4), the prices 
have experienced a drop 
of 8s. to 10s. per cwt., 
owing to the crop having 
tum^ out to be much 
larger than was antici- 

S ated, to the diminished 
emand from the Baltic 
markets, and to the great 
abundance of currants 
and sultanas. 

Respecting the new 
raisin from Australia, 
this fruit has re- 
cently made its appear- 
ance in this kingdom, 
and some fairly import- 
ant parcels have been 
received this year. The 
quality of this raisin is 
an imitation of the Va- 
lencia sort; and al- 
though, owing to the 
conservative disposition 
of the consumers and 
their attachment to cus- 
tom, the reception at 
the beginning has not 
been very favourable, not 
a few people are of 
opinion that it is as good 
as the Valencia raisin. 
It is therefore almost 
certain* that the public 
will soon get accustomed 
to it, and if Australia, as 
is to be supposed, fn- 
creases her prcKiuction to 


se rebaja d 2 oheliaes 
el derecho sobre los 
“ Oorintos ” d su entrada 
en el Reino Unido, d 
cambio de la rebaja de 
derechos d la importa- 
ci6n en Grecia de ciertos 
articulos ingleses) en el 
hecho de que Inglaterra 
extiende tdcitamente la 
aplicacion de la tarifa 
aicohdlica d una pro- 
duccidn parcialraente 
destinada d la fabrica- 
ci6n de vinos artificiales, 
y que es susceptible d<‘ 
ser fermentada y desti- 
lada para producir la 
imitacion de aguardientes 
legitimos de uva. 

En la actual tem- 
pera da (1904), los precios 
nan sufrido un descenso 
de 8 a 10 chelines por 
quintal, debido a haber 
-resultado la cosecha 
mucho mayor de lo que 
so calculo, a haber dis- 
minuido la demanda do 
los mercados del Baltico 
y d la gran abimdancia 
de “ corinto ” y sul- 
tana.” 

Respecto a la nuc\<» 
pasa de Australia, esa 
fruta ha hecho su apari- 
cion en est(‘ reino recien- 
temente, y se han recibi- 
do este afio algimas 
cantidades de relativa 
importancia. 

La calidad de esta pasa 
es una imitacion de la 
de Valencia ; y aunque. 
dado el espiritu con- 
servador de los consumi- 
dores y su rclativo aj)ego 
a la costumbre, la aco- 
gida que se le ha hecho 
en un principio no ha 
sido muy favorable, no 
son pocos los que opinan 
que es tan buena como 
la de* Valencia. Es, pues, 
casi seguro que el pdolico 
se acostumbrara pronto 
d la misma, y si Aus- 
tralia, como es de pre- 
sumir, aumenta su pro- 
diiccibn cn grandes pro- 


a considerable extent, it poroiones, dentro do 
is p^iUe that it may algimos afios puede ser 
within a few years con- uft grave peligro para la 
stitute a serious menace pasa de Vturacia, es* 
to the Valencia raisin, peoialmente si Inglaterra 
especially if England llegara d concedor venta- 
should come to grant jas aranoelarias d los 
preferential tariffs to Co- productos coloniales, co- 
lonial produce, as the mo pretenden los pro- 
Protectionists are now teccionistas. 
demanding. 

Key to Exercise XX (1). 

1. A la bora "de comer, antes de la sopa, bajo el 
pretext© que Is mesa no ostaba bien piiesta, con 
la mano dio im golpe contra la lampara, y la voloo. 

2. Durante una tormenta cl miedo la hizo de- 
smayarse. 

3. Segun me han dicho, no cabe duda (jue 
el Senor A. se marc ha manana. 

4. Apesar de no que!*er tener amistad con ella, 
fui a verla. 

5. A las diez de la noche vino d verme y me 
ofrecio cstos ciichillos a diez duros la docena. 

6. A1 anochecer sdldrdmos en ooche. 

7. Amo d esn mujer ; quiero a su ]ierro; 
y aborrezeo a su familia. 

8. Esta agua sahe a ticria. 

9. Poco a poeo. se fueron, imo a uno. 

10. Comole gusta d Vd ol caffs d la turca, 6 d 
la francesa ? 

11. Como fne Vcl al campo, a pie? Fui d 
caballo. 

12. Puede A'd corner eonmigo mafiana ? No, 
.salgo para Paris manana por la manana. 

13. Ademas de estc porta moneda me dio ©sto 
lapiz de ])lata. 

14. Debajo dc los arboles hay soinbra, y es 
bueno que esten delante de la easa. 

15. Dentro de la casa hay muebles exquisites, 
V da p.'^na pc'nsar que desfmes de tantos aflos se 
ban de vender; la venta tendrd lugdr en cl craped 
detrds dc lu ensa. 

Ifi. Lleva encima de sus hombros un panolon 
que vale una tortiina. 

17. 8u ignorancia esta a la vista de todos. 

Key to Exercise XX (2). 

1. At the end of twenty years, when we believed 
him dead, he returned home. 2. Instead of coming 
himself he sent his delegate. 3. Because of his 
misfortune I forgave his offence. 4. As to what ^u 
told me I have learnt that it is not true. 5. llic 
water came down over the mountains in cataracts, 
destroying everything, and death surprised these 
poor people in the midst of their joy. 6. Beyond 
the high road you will find the lane that leeids to 
the fountain. 7. Notwithstanding he was told 
never to come back, he came this morning. 8. He 
left his father’s homo never to retimn. 9.* He 
brought me a letter from my lawyer : the case 
is going badly. 


Continued 


ESPERANTO 


Coutiiuied from 
pogv 0OSH 


By Harald Clegg 


DEOKEES OF COMPARISON 

AdlectHrea. The degrees of 
comparison in Esperanto are 
absolutely regular, and are formed 
by placing the words pli (more) 
and (most) before the words 
which are to be compared. 


Comparative of SrPERloBiTY. 
Pli , , . ol (than). 
Example : A’ eMeis pli hela, ol r*, 
She is more beautiful than you. 

Superlative of Superiority. 
Plej .el (of, out of, among). 


Example : Li estas la- plej 
altkreska, el la familio. He is the 
tallest of the family. 
C/OMPAEATIVB OF INFERIORITY. 

Malpli (less) . . .ol (than). 

Example : Li estaa malpli forta 
ol mi. He is less strong than I. 
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SuPEBLATiVB OF INFERIORITY. Mi pirolckB tre laMCy vi paroUks 
MalpUj (least ) , . .d (of, out of, pli mia frato parokts 

from, amon^ laiUe^ I speak very loudly, 

Example : Li entas la malpkj you speak more loudly but my 
/orto, «1 la famaio. He is the „• 

weakest of the family. 


Comparison of Equality. 

Tid (as, so) . . . kid (as). 
Example : Mia domo estaa tid 


gmnda hid via. My house is as loves) you. 


Si amaa tin pli muUe, ol vi. 
She loves him more than you 
{do). 

Si amaa lin pli muUe, ol vin. 
She loves him more than (she 


big a.® yours. 

SuPBBLATIVB ABSOLUTE. 

Tre (very). 

Example : Vi eataa tre agrabla. 

You are very agreeable. 

All these comparisons can be 
negatived by the insertion of we 
(not) before the verb. Examples : 

Li ne eataa la plej rica homo 
en la urho. He is not the richest 
mwi in the town. 

Si ne eataa tre hela. She is not 
very beautiful. 

Sometimes it will be found that, 
when the verb is transitive, the 
noun or pronoun following ol, 
being the direct object of that verb, 
must, like the adjective, be placed 
in the accusative, and this must 
be carefully watched, or ambiguity 
in the meaning will arise. 

In the English sentence, “I saw 
him more angry than you,” there 
are two possible constructions, but 
thanks to the accusative n in 
Es|ieranto, which here again 
vindicates its usefulness, the am- 
biguity is removed. If we mean, 

“He was more angry than you,” 
the above sentence would be trans- 
lated Mi vidia lin pli koleran, al 
vin, because here vin is, with liv, 
the direct object of the verb vidia. 

But if the meaning is ‘‘ He appeared 
to me more angry than to you,” 
the sentence must be translated if ? 
iddia lin pli koleran ol vi, because 
in this case vi is also the subject of 
the verb vidia. 

Before adjectives plej is, 
rule, preceded by the article la. ^ j . 

The word tre (very) is often ja>luz , jealous 
used before verbs to represent komenc', com 
the English “ much,” ’ but it is 
quite permissible to use, 'if desired, 
the two words tre mtdte. Example : 

Mi tre (muUe) timaa, he li 
mortoa, I very much fear that 
he will die. 

AdTarbs. Adverbs are com- 
pared in exactly the same manner 


NUMERALS 

Collective Numbers. 

The collectives are formed regu- 
larly from the cardinals by adding 
the suffix op; and then, by the 
further addition of o, a, or e, nouns, 
adjectives or adverbs are obtained 
respectively. Example : 

Mi timaa ilian duopan atakon, 
I fear their double attack. 

VOCABULARY 
ador\ adore honatru', con- 

aU, high, tall struct, build 

hedaur\ be sorry kre\ create 
(for), regret kreak\ grow 
brU\ shine (v.i.) 

dife1ct\ damage, hrueV, cruel 
injure lac\ weary, 

direkt', direct, tired 

land', land, 
country 
liber\ free 
lok\ place, 
locality 
metod', method 
mir\ wonder 
mond\ world 
nombr', number 
(subst.) 

oportun'y oppor- 
tune, conve- 
nient 

pan', bread 
pardon', pardon 
pens', think 
perd', lose 


steer 
disput', dispute 
diakut', discuss 
divid', divide 
eaprim', express 
(v.t.) 

faden'y thread 
fart', be (in 
health ) 
fkr', proud 
fortik', sturdy, 
robust 

graci', graceful 
fjentil', polito 
(}u8t', exact, 
right 
ide', idea 


interea', interest plen', full 


(v.t.) 
jar', jea.x 


plezur', pleasure 
plum', feather 
(or pen) 
pord', door 

mence (v.t.) renhonl', meet, 
konfea', confess, encounter 
acknowledge sovaij', savage 
konaevU', consent wHld 
honaU', advise, 
counsel 

Exercise VIII. 

I veiy much regret to hear 


ns adjectives and follow the same about your brother’s death. I am 
rules, ^amples: that you are not so well to- 

La viro jrapaa pli forte, ol la day os you were yesterday. Al- 
knabo. The man strikes harder though the king is graced 1 and 
than the Ijoy. robust, he is proud and as cruel ns vin morj 

Continued 
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the wildest animal. Our country 
is the most dear and lieautiful in 
the whole world. I do not think 
that I am jealous, but I tryly 
believe that she adores me more 
than you. They commenced to 
discuss freely and dispute about 
our methods, but 1 must confess 
that I could not express my ap- 
proval. Can you direct me to the 
theatre? Yes, sir, with pleasure. 
Here it is, on the left hand. The 
sim high in the heavens warmly 
shines. I am Just as tired as your- 
self, but not so impolite. He 
built a high house out of stone. 
Your idea is very good and inter- 
esting, but it is inconvenient. In 
our country the people are free. 
They unfortunately lost a great 
number of friends. I wonder that 
I did not meet you and your friends 
together. 1 pardoned him, but he 
proudly went away and shut the 
door. Flow'ers grow during the 
\\ hole year. 

Key to Exercise VII. 

Dum la nebula vetero kaj la* 
nialvarmaj vintraj tagoj, mi restas 
hejme kaj lemas lecionojn pri 
Esperanto. Mi povas kalkuli de 
unu gis centmil sen malfacilo. 
Tamen, car la tempo estas mal- 
longa, kaj mi havas multon por 
fari, mi penos konvinki vin 
morgau se vi konsentos. Cu vi 
volas korespondi kun mi ? La 
nuboj estas tre nigraj, malvarma 
vento blovas, sed mi esperas ke 
ni ne vidos negon hodiau. • Ni 
audas per niaj {or, la) oreloj kaj 
vidas per niaj (or la) okuloj. 
Kvankam li ricevis multajn dona- 
cojn (or, multe da donacoj ), li estis 
tre malkontenta. Li estas tre rica, 
sed li estas tamen nature humila 
kaj modesta. Nia najbaro estas 
tre malmodesta kaj malkuraga. 
La leciono estis mallonga kaj la 
knaboj gin lemis parkere. Car 
la v^nto bio vis malforte, la ondoj 
sur la maro estis malgrandaj 
kaj mi ne estis malsana. Cu li ne 
diris al vi, ke li intenoas sin okupi 
pri Esperanto ? Oro kaj argento 
estas tre ndbesaj. La botoj de la 
soldato estas mallargaj, sed ili 
estas longaj. La rivero duas tra 
largaj kampo} gis la maro. Nia 
nova najbaro mortis en la mezo 
de la nokto. Lia maniero estis 
tre stranga, sed autau ol morti U 
penis konvinki uain, ko li^sedas 
multe da oro haj^rgin^ Cu li 
ne diris al y^, 
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